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Abstract

Objective: The increasing frequency and severity of climate-related disasters pose major threats
to public health, particularly when they intersect with other crises like pandemics. Puerto Rico
has faced multiple large-scale disasters in recent years, yet research on their cumulative health
effects remains limited. This study examines associations between disaster exposure—Hurricane
María and the COVID-19 pandemic—and self-reported physical, mental, and behavioral health
among Puerto Rican adults using Behavioral Risk Factor Surveillance System data (2015-2021).
Methods: We used multivariable linear and log-binomial models, adjusting for key socio-
demographic factors.
Results: Among 35,517 respondents, post-disaster periods were mostly linked to worse health
outcomes, including more days of poor mental health, increased substance use, and more
negative health perceptions. The early post-hurricane period showed the greatest harm, with
participants reporting 2.47 more poor mental health days (P < 0.002), lower likelihood of
exercise (PR = 0.65), and higher likelihood of smoking (PR = 1.20). Conversely, early and late
pandemic periods showed apparent health improvements, though these findings require cau-
tious interpretation.
Conclusions: Our results underscore the need for disaster-responsive mental health care,
resilient infrastructure, and policies addressing financial inequities that heighten vulnerability.
Strengthening community networks and ensuring equitable preparedness and relief efforts are
essential to reducing the health impacts of future disasters.

Introduction

Over the past century, scientists, advocates, and policymakers have warned of the dangers posed
by climate change to human life—an alarm that the public health community has more recently
amplified by declaring the climate crisis an urgent public health emergency.1–3 Climate change
threatens health through diverse pathways—including extreme weather, disruptions to food and
water systems, shifts in infectious disease patterns, and forced migration—while also increasing
the frequency and severity of disasters such as hurricanes, floods, and wildfires, compounding
health risks for vulnerable populations.2–4

Disasters can disrupt physiological functioning and exacerbate underlying health conditions,
often through exposure to environmental hazards and infrastructure breakdowns. Respiratory
illness, infectious disease outbreaks, and cardiovascular complications are common, particularly
in the aftermath of events likeHurricane Katrina, where flood-relatedmold, dust, and debris were
linked to widespread respiratory symptoms.5,6 Other disasters have similarly damaged vital
public health infrastructure—including food systems, electricity, sanitation, housing, and med-
ical care—severing access to essential services and heightening the risk of illness and death.7–9 In
addition to physiologic harm, disasters often leave a profound psychological imprint, triggering
mental and behavioral health challenges related to their disruptive, life-threatening, and trau-
matic nature. Althoughmany individuals demonstrate resilience, research shows an elevated risk
of psychological distress, including PTSD, depression, and substance use disorders.10–12

Despite growing recognitionof these threats, critical gaps remain inunderstanding how climate-
related disasters impact health outcomes across diverse populations. Currently, much of the
existing literature focuses on a limited set of widely recognized events—such as Hurricane Katrina,
9/11, and COVID-19—leaving many individual and successive disaster events understudied.13–15

As climate change intensifies, the likelihoodofmultiple disasters occurring in close successionor
overlapping increases—making it essential to understand how these converging events impact
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health across diverse populations to craft targeted mitigation strat-
egies and strengthen population resilience. While a few studies have
documented some increases in substance misuse following disaster
exposure in the general population, they report more substantial
increases among individuals with a prior history of substance use or
thosewhodevelopedothermental health conditions after the event.16,17

However, the compounded impact of multiple disasters on substance
use disorders remains understudied, highlighting the need for further
research into the long-term behavioral health consequences. A recent
scoping review further emphasizes this concern, showing that exposure
to multiple disasters can negatively affect both mental and physical
health. Researchers conducting this analysis found that the cumulative
risks associated with successive disasters may exceed those of singular
events.18 Particularly, emerging studies indicate that repeated climate-
related disasters compound psychological distress, with ongoing
exposure worseningmental health outcomes over time.19 One recent
longitudinal study reported heightened levels of stress, anxiety, and
depressive symptoms among individuals affected by multiple disas-
ters—suggesting that successive exposure intensifies mental health
burdens rather than allowing for adaptation.19 These findings
reinforce the need to examine how populations facing recurrent
disasters, such as those in Puerto Rico, experience long-term health
consequences and whether existing response strategies adequately
address these challenges.

As a U.S. territory with longstanding infrastructural vulnerabilities
and unequal disaster-response funding, Puerto Rico offers a critical
context for examining how systemic inequities intensify the health
impacts of cumulative, successive disaster exposure. Puerto Rico’s pol-
itical and economic context is shapedby its status as aU.S. territory,with
residents holding U.S. citizenship but facing longstanding structural
limitations in political representation and access to federal resources.
This colonial system has been described as a key driver of Puerto Rico’s
prolonged financial recession and related outcomes, leaving the island
particularly vulnerable todisasters.20,21Understanding thesedynamics is
vital for informing response strategies that address social and structural
determinants of resilience. Yet major knowledge gaps persist—particu-
larly in clarifying epidemiologic pathways, quantifying health impacts,
and assessing effect modification across populations. These gaps are
especially acute in settings like Puerto Rico, where recurrent and over-
lappingdisastershavedeepenedexisting vulnerabilities.Most research to
date has focused on singular disaster events, limiting insight into the
cumulative toll of prolonged exposure. Additionally, few studies have
fully explored how social determinants—such as pre-existing health
disparities, colonial governance, andunequal access to resources—shape
recovery and long-term health outcomes. Filling these gaps is essential
for advancing targeted preparedness strategies, equitable resource dis-
tribution, and more inclusive recovery planning.

This study contributes to this growing body of research by exam-
ining the physical, mental, and behavioral health impacts of multiple
disaster exposures on residents of Puerto Rico. Using data from 2015
to 2022,we aim to describe the relationship between disaster exposure
and self-reported health outcomes and assess potential effect modi-
fiers, including sex, income, education, and employment status. By
incorporating these factors, our study seeks to provide a more
nuanced understanding of disaster-related health disparities and
inform strategies for reducing long-term health burdens.

Materials and Methods

Data Source

This study draws on data from the Behavioral Risk Factor Surveil-
lance System (BRFSS), a nationwide health survey conducted by the

U.S. Centers for Disease Control and Prevention (CDC) that uses
random-digit dialing of landlines and cell phones across allU.S. states
and territories.22We used a repeated cross-sectional designwith data
from 2015 to 2021, covering responses collected between January
1, 2015, and March 15, 2022. The analytic sample was restricted to
adult respondents from Puerto Rico; all others were excluded. Data
collection in Puerto Rico was conducted in Spanish. Analyses were
conducted using SASOnDemand for Academics, with BRFSS survey
weights applied to account for the complex sampling design and
ensure consistency across survey years.

Weighting

To improve representativeness, BRFSS applies sampling weights
that adjust for selection probability, non-response, and coverage
errors.22 These weights incorporate geographic strata, household
phone type, and the number of adults per household. BRFSS uses
ranking—a post-stratification method—to align sample demo-
graphics with the broader population.23 For this study, weights
were applied to all analyses to ensure estimates accurately reflect
the adult population in Puerto Rico.

Exposure Measurement

Disaster exposure was classified based on interview dates relative to
major events in Puerto Rico. Because BRFSS lacks geographic
detail, we focused on island-wide disasters: Hurricane María
(September 20, 2017) and the COVID-19 pandemic. We defined
5 disaster periods: pre-disaster (referent), early post-hurricane
(0-6 months), late post-hurricane (6+ months until March 11,
2020), early pandemic (March 12, 2020-April 14, 2021, pre-vaccine),
and late pandemic (April 15, 2021, onward). These periods reflect key
phases of disaster impact and recovery, with the early post-hurricane
phase marked by severe service disruptions and psychological
distress.24,25 Additionally, Hurricane Irma occurred approximately
2 weeks before Hurricane María and caused localized disruptions in
parts of Puerto Rico. However, Hurricane María was the primary
driver of widespread infrastructure failure across the island, and the
post-hurricane period reflects the population-level impacts following
María within the context of sequential storm events. Moreover, the
late post-hurricane period overlaps with the known 2019-2020
earthquake sequence in Puerto Rico. Due to the lack of geographic
identifiers in BRFSS data, it was not possible to distinguish individ-
uals directly affected by the earthquakes or to isolate earthquake-
related impacts. Since the earthquakes were geographically concen-
trated, with the most severe effects in the island’s southwestern
region, they did not have the same widespread impact as the pan-
demic or the hurricane. Therefore, defining a distinct earthquake
exposure period at the population level could introduce substantial
exposure misclassification. Given these constraints, the defined time
periods reflect broader island-wide phases of disruption, although
estimates from this period may capture overlapping influences from
multiple events. Due to the cross-sectional nature of BRFSS data,
cumulative exposure to multiple disasters could not be directly
measured at the individual level. Instead, disaster exposure was
operationalized usingmutually exclusive timeperiods corresponding
to key phases following the hurricane and during the COVID-19
pandemic.

Outcome Variables of Interest

Due to limitations in the BRFSS dataset—including the absence of
diagnosis dates and potential issues with temporality—we analyzed
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self-reported health measures rather than clinical diagnoses. To
reduce bias, we focused on 3 outcome categories: (1) self-reported
days of poor physical and mental health in the past 30 days, (2) self-
perceived general health status, and (3) health-related behaviors. The
first categorywas assessed using questions that asked howmany days
in the past 30 participants experienced poor physical or mental
health, with responses ranging from 0 to 30. The second question
asked participants to rate their general health on a 5-point scale; for
analysis, responses were dichotomized into positive (excellent to
good) vs. negative (fair or poor) health perception. The third category
included smoking (current vs. non-smokers), alcohol use (any drink-
ing and binge drinking in the past 30 days), and physical activity (any
exercise outside of work in the past 30 days). Specific outcome
selection was guided by the availability and consistency of BRFSS
variables across survey years in Puerto Rico. Variables such as
nutrition, food insecurity, and sleep were considered but were not
consistently collected across the study period and were therefore
excluded to preserve comparability across time.

Covariates

Age, sex, income, education, marital status, and employment status
were included as covariates in our regression models. These vari-
ables were selected based on epidemiologic principles, where we
included variables that may confound the relationship between
disaster exposure (as proxied by time period) and health outcomes.
These methodological and theoretical decisions were informed by
prior research and population characteristics. Specific covariate
categories are presented in Table 1.

Analytic Approach

We calculated descriptive statistics for all outcome variables and
covariates, reporting categorical variables as frequencies and percent-
ages, and continuous variables as means with standard deviations.
The study hypotheses were developed before data analysis as part of
the first author’s doctoral dissertation proposal. They were informed
by existing literature on disaster-related health impacts in Puerto Rico
and globally. Health outcomes were initially examined across disaster
periods without adjustment. To assess associations between disaster
periods and self-reported health, we used multivariable linear regres-
sion for continuous outcomes (e.g., days of poor health) and log-
binomialmodels for categorical outcomes (e.g., health perception and
behaviors), adjusting for relevant covariates. Effect modification was
tested across sex, income, education, and employment, using themost
socioeconomically advantaged group as the reference (men, highest
income/education, employed). Missing data were assessed, and mul-
tiple imputation was applied for variables with >10% missingness to
reduce bias. All analyses incorporated BRFSS sampling weights and
were conducted in SAS OnDemand for Academics using PROC
SURVEY procedures to account for the complex survey design.
Statistical significance was set at P < 0.05, but findings were inter-
preted in light of both significance and the direction andmagnitude of
associations.26 The disaster periods analyzed in this paper are based
on publicly available information and BRFSS data which are publicly
available. Code used to model and clean data is available from the
corresponding author on reasonable request.

Ethical Approval

This study was deemed exempt by the University of Michigan’s
Institutional Review Board (HUM00230376), as it relied on publicly

available datasets that do not contain sensitive or identifiable par-
ticipant information.

Results

The dataset includes 35,517 BRFSS participants from Puerto Rico
(2015-2022). Most respondents were women (53.2%), over 45 years
old (49.0%), employed (42.0%), married/partnered (45.6%), had
some college education (48.1%), and earned <$25,000 annually
(74.2%). Most identified as non-smokers (90.0%), reported good
health (67.0%), did not consume alcohol (69.9%), and did not binge
drink (87.1%). On average, participants experienced 4.8 days of
poor physical health and 3.7 days of poor mental health in the past
30 days. Due to 18.4%missing income data (18-22% across disaster
periods), multiple imputation was used in the regression models.
Complete-case analyses yielded similar results (data not shown).

Main Effects: Days of Poor Health

Disaster periods were linked to variations in self-reported poor
health (Table 2). The early post-hurricane period was associated
with 2.47 additional days of poor mental health and 0.80 additional
days of poor physical health, while the late post-hurricane period
was associated with 1.17 additional days of poor physical health. In
contrast, both pandemic periods saw reductions in poor health
days: early-pandemic participants reported 0.55 fewer days of poor
mental health and 0.72 fewer days of poor physical health; the late-
pandemic period showed a similar but weaker trend.

Main Effects: Current General Health Status and
Health-Modifying Behaviors

Self-reported negative general health perceptions increased in the
early (prevalence ratio (PR) = 1.32) and late (PR = 1.18) post-
hurricane periods but decreased during the early (PR = 0.73) and
late (PR = 0.76) pandemic periods. The early post-hurricane period
saw declines in exercise (PR = 0.65), increased smoking (PR = 1.20),
and a slight rise in alcohol consumption (PR = 1.06). The late post-
hurricane period showed minimal behavioral changes. Conversely,
the early and late pandemic periods were associated with increased
exercise (PR = 1.15 and PR = 1.14, respectively), reduced smoking
(PR = 0.88), and lower binge drinking (PR = 0.91).

Effect Modification: Days of Poor Health

Modification effects varied by sociodemographic factors (Table 3).
Women experiencedmore poormental health days during the early
(0.43) and late (0.53) pandemic but had fewer poor physical health
days across all disaster periods. Lower-income participants (<$15K)
consistently reported more days of poor mental and physical health,
particularly in the early post-hurricane period (1.24 days) and the
early pandemic period (0.80 days). The $15K-$25K income group
showed similar trends. Lower education levels were also associated
with more poor health days, with the strongest association observed
among those with some college education during the early post-
hurricane period (1.83 days). Employment status effects were mixed.
Unemployed participants had more poor physical health days in the
early pandemic (0.78 days), while those unable to work reported
worse physical health during the early (4.36 days) and late (1.59 days)
post-hurricane periods. Homemakers had higher poor health days in
the late pandemic (1.45 mental; 0.94 physical).
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Effect Modification: Current General Health Status and Health-
Modifying Behaviors

Sociodemographic factors modified general health and behavior
outcomes (Table 4 and Supplemental Table 1). Women showed
minimal adverse modification effects but had higher smoking rates
in the late post-hurricane period (PR = 1.07) and increased heavy
drinking in the early post-hurricane period (PR = 1.12). Lower-
income participants reported less exercise, increased smoking,

worse general health, and higher drinking levels. Smoking rates
were particularly high in the early pandemic period for the <$15K
group (PR = 1.28) and in the early post-hurricane period for the
$15K-$25K group (PR = 1.48). Heavy drinking was also elevated
among the lowest-income group in the early post-hurricane (PR =
1.13) and early pandemic (PR = 1.16). Lower education levels were
linked to increased smoking, negative general health perceptions,
and heavy drinking. Those without a high school diploma had

Table 1. Weighted sociodemographic characteristics and distribution of key covariates by disaster period. Behavioral Risk Factor Surveillance System. Respondents
from Puerto Rico, 2017–2022

Pre-disaster Early post-hurricane Late post-hurricane Early pandemic Late pandemic P value*

n = 14,837 n = 1,083 n = 10,533 n = 5,055 n = 4,009

Age groups <0.0001

18–24 13.1% 13.0% 12.5% 12.6% 12.7%

25–34 16.4% 17.7% 16.1% 15.9% 15.8%

35–44 16.2% 20.1% 16.1% 16.0% 16.1%

45–54 16.7% 19.6% 16.6% 16.7% 16.6%

55–64 15.8% 14.1% 15.8% 15.8% 15.8%

65+ 21.7% 15.5% 23.0% 23.0% 23.0%

Income <0.0001

<15k 49.9% 41.4% 43.2% 42.8% 38.1%

15k–25k 28.8% 30.9% 30.2% 30.0% 26.4%

25k–35k 9.0% 11.7% 10.5% 9.3% 12.3%

35k–50k 6.2% 5.9% 7.1% 7.4% 10.5%

>50k 6.1% 10.3% 9.0% 10.5% 12.8%

Sex <0.0001

Female 53.1% 54.6% 53.3% 53.1% 53.4%

Education <0.0001

Less than HS 25.9% 18.2% 23.4% 23.6% 23.5%

HS graduate 27.2% 25.9% 27.9% 27.5% 27.5%

Some college 25.5% 27.2% 16.5% 16.5% 16.7%

College grad 21.3% 28.8% 32.2% 32.4% 32.3%

Children <0.0001

Has children 28.9% 35.8% 29.9% 27.8% 27.6%

Marital status <0.0001

Single 23.9% 20.8% 17.6% 17.2% 16.9%

Married or living with partner 48.8% 46.8% 42.7% 43.5% 43.8%

Separated or divorced 18.3% 24.4% 28.5% 29.0% 27.8%

Widowed 9.0% 8.0% 11.3% 10.3% 11.5%

Employment status <0.0001

Employed 36.5 47.0% 44.3% 44.5% 50.1%

Unemployed 10.9% 8.2% 7.7% 11.2% 6.3%

Homemaker/Housewife 19.5% 18.8% 16.6% 14.1% 15.0%

Student 7.2% 6.4% 5.5% 4.5% 4.4%

Retired 18.6% 13.0% 18.8% 19.6% 16.9%

Unable to work/Disabled 7.3% 6.5% 7.1% 6.1% 7.5%

*P values represent chi-square values for differences between subgroups by disaster periods.
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worse general health in the early post-hurricane period (PR = 1.20)
and in the early pandemic period (PR = 1.10), while heavy drinking
increased during the early pandemic period (PR = 1.27). Employ-
ment status yielded varied results. Those unable to work had lower
smoking rates in the early post-hurricane (PR = 0.42) but higher

rates in the early (PR = 2.08) and late (PR = 1.50) pandemic. They
also reported worse general health in the late post-hurricane (PR =
1.16) but better health in the early pandemic (PR = 0.68). Heavy
drinking decreased in the early post-hurricane period (PR = 0.23)
but increased in the late post-hurricane period (PR = 1.72) and in

Table 2. Results of multivariate regression models for main outcomes of interest. Behavioral Risk Factor Surveillance System; respondents from Puerto Rico, 2017–2022

Outcome Disaster period Estimate

Linear regression models

Days of poor mental health in the 30 days prior to the interview β (SE)

Early post-hurricane 2.47 (0.24)**

Late post-hurricane �0.06 (0.08)

Early pandemic �0.55 (0.10)**

Late pandemic �0.32 (0.11)**

Days of poor physical health in the 30 days prior to the interview β (SE)

Early post-hurricane 0.80 (0.19)**

Late post-hurricane 1.17 (0.08)**

Early pandemic �0.72 (0.16)**

Late pandemic 0.38 (0.14)**

Log-binomial regression models Prevalence ratios

Exercised in the 30 days prior to the interview PR (95% CI)

Early post-hurricane 0.65 (0.61, 0.70)**

Late post-hurricane 1.02 (0.99, 1.04)

Early pandemic 1.15 (1.10, 1.20)**

Late pandemic 1.14 (1.09, 1.20)**

Smoked in the 30 days prior to the interview PR (95% CI)

Early post-hurricane 1.20 (1.07, 1.34)**

Late post-hurricane 0.94 (0.88, 0.99)**

Early pandemic 0.97 (0.90, 1.05)**

Late pandemic 0.88 (0.81, 0.95)**

Consumed alcoholic drinks in the 30 days prior to the interview PR (95% CI)

Early post-hurricane 1.06 (0.98, 1.15)

Late post-hurricane 1.01 (0.98, 1.13)

Early pandemic 0.98 (0.93, 1.03)

Late pandemic 1.02 (0.97, 1.07)

Binge drinking in the 30 days prior to the interview PR (95% CI)

Early post-hurricane 0.96 (0.85, 1.07)

Late post-hurricane 1.08 (1.02, 1.14)**

Early pandemic 1.00 (0.93, 1.08)

Late pandemic 0.91 (0.84, 0.97)**

Current perception of their health as negative PR (95% CI)

Early post-hurricane 1.32 (1.22, 1.43)**

Late post-hurricane 1.18 (1.14, 1.23)**

Early pandemic 0.73 (0.69, 0.78)**

Late pandemic 0.76 (0.70, 0.82)**

*All models were controlled for age, income, sex, education, marital status, and employment status. The pre-disaster period was used as the reference point for all analyses.
**P value < 0.05.
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both pandemic periods. Unemployed participants had higher smok-
ing rates in the early (PR = 1.20) and late (PR = 1.18) post-hurricane
periods, with increased alcohol consumption during the early post-
hurricane (PR = 1.48) and heavy drinking episodes (PR = 2.07).
However, drinking declined in the late post-hurricane (PR = 0.89),
along with heavy drinking (PR = 0.74).

Discussion

Summary of Research Findings

This study examined the impact ofmultiple disasters on the physical,
mental, and behavioral health of 35,517 Puerto Rican adults (2015-
2022 BRFSS). Following Hurricane María, all outcomes—except
drinking behaviors—worsened compared to pre-disaster levels. In
contrast, post-COVID-19 outcomes showed contrasting patterns,
with fewer poor mental health days, reduced heavy drinking (late
pandemic), fewer poor physical health days (early pandemic), lower
smoking rates (late pandemic), and a more positive perception of
their general health as good or excellent. The effects of disaster
exposure varied by sex, income, education, and employment, with
differences in strength and direction across disasters and outcomes.

Main Discussion and Contextualization of Results

Disaster exposure was associatedwithmore reports of poorermental
health, particularly in the early post-hurricane period, which was
associated with 2.47 additional poor mental health days, increased
smoking (PR = 1.20), more negative health perceptions (PR = 1.32),
and potentially increased alcohol consumption (PR = 1.06). These
patterns suggest that stress and anxiety may have driven substance
use as a coping mechanism, aligning with prior studies linking
disasters to PTSD, depression, and increased substance use.27 While
the adverse effects of disaster exposure were not sustained across all
periods, alcohol consumption consistently showed harmful associ-
ations. Additionally, sex, income, and education significantly modi-
fied the relationship between disaster exposure and mental health
and substance use behaviors. Participantswith less than a high school
education had higher smoking rates post-hurricane, weremore likely
to drink during the late post-hurricane and early pandemic, and had
increased binge drinking in the early pandemic. This suggests that
disasters disproportionately impactmore vulnerable subgroups, even
if they do not lead to widespread mental health crises.

The type of disaster may also influence health behaviors. Not-
ably, the pandemic period was associated with fewer days of poor

Table 3. Effect modification in linear regression models by outcome and disaster periods. Behavioral Risk Factor Surveillance System; respondents from Puerto
Rico, 2017–2022

Outcomes

Mental health Physical health

Effect
modifier

Early post-
hurricane

Late post-
hurricane

Early
pandemic

Late
pandemic

Early post-
hurricane

Late post-
hurricane

Early
pandemic

Late
pandemic

Sex Estimate (days of poor health) Estimate (days of poor health)

Male ref ref ref ref ref ref ref ref

Female �0.39 0.00 0.43* 0.53* �0.95* �0.14 �0.30 �0.22

Income Estimate (days of poor health) Estimate (days of poor health)

$50k or more ref ref ref ref ref ref ref ref

$35k – $50k �2.28* �0.13 0.59 �0.76* �0.23 �0.63* �0.09 0.25

$25k – $35k �0.18 �0.36 0.82* 0.16 0.18 �0.36 0.06 �0.02

$15k –$25k 1.18 0.36 0.48 0.17 1.20* 0.53* 0.62 0.38

$15K or less 1.24 0.18 0.80* 0.06 0.36 0.69* 0.66* 1.33*

Education Estimate (days of poor health) Estimate (days of poor health)

College grad ref ref ref ref ref ref ref ref

Some college 1.83* 0.17 �0.35 0.85* 0.28 0.71* 0.39 0.34

High school �1.44* 0.36* �0.07 0.39 �0.61 0.97* 0.98* 0.49

Less than HS 0.93* 0.00 �0.70* 0.12 1.20* 1.15* 1.79* 0.61

Employment Estimate (days of poor health) Estimate (days of poor health)

Employed ref ref ref ref ref ref ref ref

Unemployed �0.67 0.46 �0.41 �0.19 �2.02* 0.04 0.78* 0.16

Homemaker 0.10 0.32 0.27 1.45* 0.31 0.94* 1.12* 0.97*

Student �0.50 0.17 0.05 1.92* 0.24 �0.33 0.16 1.72*

Retired 0.67 0.22 0.21 0.39 �0.72 0.54* 1.31* 1.33*

Unable to
work

1.56 �1.45* �1.76* �1.18 4.36* 1.59* �1.66* 0.72

*All models were controlled for age, income, sex, education, marital status, and employment status. The pre-disaster period was used as the reference point for all analyses.
**P value < 0.05.
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Table 4. Effect modification in log-binomial models by outcome and disaster periods. Behavioral Risk Factor Surveillance System; respondents from Puerto Rico, 2017–2022

Exercising Smoking Negative general health

Effect
modifier

Early post-
hurricane

Late post-
hurricane

Early
pandemic

Late
pandemic

Early post-
hurricane

Late post-
hurricane

Early
pandemic

Late
pandemic

Early post-
hurricane

Late post-
hurricane

Early
pandemic

Late
pandemic

Sex Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval)

Male ref ref ref ref ref ref ref ref ref ref ref ref

Female 1.04
(0.97, 1.12)

1.05
(1.00, 1.10)

0.97
(0.92, 1.01)

0.97
(0.94, 1.00)

0.95
(0.85, 1.07)

1.07
(1.01, 1.13)

1.00
(0.93, 1.08)

0.95
(0.87, 1.03)

0.90
(0.83, 0.98)

0.98
(0.94, 1.02)

1.06
(1.00, 1.14)

1.01
(0.95, 1.07)

Income Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval)

$50k or more ref ref ref ref ref ref ref ref ref ref ref ref

$35k – $50k 0.94
(0.77, 1.16)

1.19
(1.08, 1.31)

0.93
(0.83, 1.05)

0.92
(0.82, 1.05)

0.44
(0.24, 0.80)

1.11
(0.89, 1.39)

1.41
(1.11, 1.80)

1.14
(0.86, 1.51)

0.85
(0.64, 1.13)

0.99
(0.87, 1.13)

0.97
(0.82, 1.15

1.14
(0.96, 1.34)

$25k – $35k 1.04
(0.88, 1.24)

0.89
(0.82, 0.96)

1.06
(0.96, 1.18)

1.02
(0.92, 1.14)

1.09
(0.80, 1.50)

1.05
(0.90, 1.23)

0.70
(0.57, 0.86)

1.08
(0.87, 1.34)

1.39
(1.10, 1.75)

0.98
(0.88, 1.09)

0.97
(0.83, 1.13)

0.86
(0.75, 0.99)

$15k –$25k 0.96
(0.84, 1.09)

0.98
(0.92, 1.04)

1.02
(0.94, 1.10)

0.99
(0.91, 1.08)

1.48
(1.17, 1.87)

0.86
(0.76, 0.96)

0.98
(0.85, 1.12)

0.99
(0.84, 1.16)

1.17
(0.99, 1.37)

1.00
(0.93, 1.07)

1.02
(0.92, 1.14)

0.88
(0.80, 0.98)

$15K or less 1.17
(1.04, 1.32)

0.95
(0.90, 1.01)

0.95
(0.88, 1.03)

0.94
(0.89, 0.99)

1.14
(0.91, 1.43)

0.98
(0.88, 1.08)

1.28
(1.12, 1.46)

0.82
(0.71, 0.95)

1.14
(0.99, 1.33)

0.95
(0.89, 1.02)

1.07
(0.97, 1.18)

0.94
(0.86, 1.03)

Education Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval)

College grad ref ref ref ref ref ref ref ref ref ref ref ref

Some college 0.92
(0.82, 1.04)

1.04
(0.99, 1.11)

0.96
(0.89, 1.03)

1.04
(0.96, 1.13)

1.01
(0.85, 1.22)

0.96
(0.87, 1.05)

0.94
(0.83, 1.06)

1.14
(1.00, 1.31)

0.94
(0.82, 1.08)

1.07
(1.01, 1.15)

0.83
(0.76, 0.91)

1.10
(1.00, 1.20)

High school 0.95
(0.84, 1.08)

0.97
(0.91, 1.02)

1.07
(0.99, 1.15)

1.02
(0.94, 1.10)

0.92
(0.77, 1.10)

0.91
(0.83, 1.00

1.04
(0.91, 1.19)

1.32
(1.15, 1.51)

0.99
(0.86, 1.14)

1.06
(1.00, 1.13)

1.07
(0.97, 1.18)

0.93
(0.85, 1.01)

Less than HS 1.08
(0.93, 1.26)

1.07
(1.00, 1.15)

0.92
(0.83, 1.01)

0.94
(0.85, 1.03)

1.33
(1.08, 1.64)

1.08
(0.97, 1.20)

1.04
(0.90, 1.19)

0.66
(0.57, 0.79)

1.20
(1.01, 1.42)

0.84
(0.78, 0.90)

1.10
(0.98, 1.23)

0.99
(0.89, 1.09)

Employment Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval) Prevalence ratio (95% confidence interval)

Employed ref ref ref ref ref ref ref ref ref ref ref ref

Unemployed 0.87
(0.70, 1.08)

1.17
(1.05, 1.30)

1.02
(0.89, 1.17)

1.01
(0.87, 1.17)

1.20
(0.89, 1.63)

1.18
(1.00, 1.38)

0.95
(0.77, 1.17)

0.80
(0.63, 1.03)

1.16
(0.90, 1.50)

0.95
(0.84, 1.08)

1.16
(0.98, 1.38)

0.87
(0.72, 1.05)

Homemaker 1.22
(1.04, 1.43)

0.83
(0.77, 0.90)

0.99
(0.88, 1.12)

1.05
(0.93, 1.18)

1.30
(1.00, 1.70)

1.01
(0.87, 1.17)

0.84
(0.68, 1.04)

0.85
(0.68, 1.06)

1.24
(1.04, 1.49)

0.90
(0.82, 0.98)

0.98
(0.86, 1.13)

0.97
(0.85, 1.10)

Student 0.85
(0.65, 1.10)

1.04
(0.91, 1.19)

1.05
(0.87, 1.25)

0.88
(0.71, 1.10)

1.04
(0.59, 1.84)

0.88
(0.66, 1.18)

0.95
(0.65, 1.38)

0.83
(0.53, 1.31)

0.47
(0.29, 0.77)

1.25
(1.02, 1.54)

1.19
(0.88, 1.60)

1.14
(0.83, 1.55)

Retired 1.34
(1.14, 1.57)

0.89
(0.83, 0.96)

0.87
(0.78, 0.98)

1.04
(0.93, 1.15)

1.21
(0.90, 1.61)

1.09
(0.95, 1.25)

0.71
(0.59, 0.86)

1.13
(0.92, 1.39)

1.14
(0.95, 1.36)

0.83
(0.77, 0.90)

1.21
(1.07, 1.39)

1.00
(0.89, 1.13)

Unable to
work

0.87
(0.67, 1.13)

1.16
(1.03, 1.30)

0.98
(0.82, 1.18)

1.03
(0.87, 1.21)

0.42
(0.28, 0.64)

0.90
(0.74, 1.08)

2.08
(1.59, 2.72)

1.50
(1.16, 1.93)

1.06
(0.79, 1.41)

1.16
(1.01, 1.33)

0.68
(0.54, 0.85)

1.13
(0.94, 1.37)

*All models were controlled for age, income, sex, education, marital status, and employment status. The pre-disaster period was used as the reference point for all analyses.
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mental health and reduced smoking, findings that contradict
expectations of worsening health under cumulative stress. Several
mechanisms may help explain these patterns. The pandemic, with
its respiratory risks, may have deterred smoking and drinking due
to concerns over viral complications. In addition, pandemic-related
social policies, such as expanded unemployment benefits, economic
stimulus payments, and eviction moratoriums, may have provided
temporary financial relief that protected against some negative
health effects. At the same time, these findings must be interpreted
with important threats to validity in mind. Due to the limitations of
BRFSS data, which may be sensitive to shifts in respondent profiles
during the pandemic, including differential participation among
individuals with varying levels of health and socioeconomic stabil-
ity, selection bias (such as participants with better mental health
choosing to answer the survey) could contribute to an apparent
improvement in population-level health outcomes. Importantly,
these behavioral changes could also reflect structural constraints
and shifts in daily life during the pandemic, such as changes in
employment, mobility, finances, or access to usual activities, rather
than intentional health-promoting choices. Reporting biasmay also
play a role, since stigma surrounding mental and behavioral health
could lead to underreporting, particularly during a period of wide-
spread social disruption.28–30 Thus, these findings of reduced
smoking and better mental health during the pandemic period
may reflect a combination of behavioral adaptations, short-term
economic supports, and methodological factors. Importantly, prior
studies suggest that individuals with greater social vulnerability are
more likely to adopt potentially harmful coping strategies post-
disaster.31,32 Further research is needed to disentangle these mech-
anisms and assess whether these patterns persist over time.

Unlike previous research that consistently reports worsened
health post-disaster,14,33 our study, contrary to hypothesized asso-
ciations, found variability in self-reported health depending on the
type and stage of disaster. Participants were more likely to report
worse health after Hurricane María (PR = 1.32) but better health
during the pandemic (early: PR = 0.73; late: PR = 0.76). One
possible explanation for this perceived improvement during the
pandemic is that self-rated health may be influenced by shifting
reference points during a widespread crisis. For example, individ-
uals may evaluate their health relative to those who were hospital-
ized or severely ill with COVID-19. However, we found no existing
research directly supporting this interpretation, and it should be
considered a hypothesis requiring further investigation. In contrast,
Hurricane María caused immediate disruptions in food, water, and
medication access, which likely had a more direct and tangible
impact on participants’ health. This highlights how disaster char-
acteristics influence health outcomes—where slow-moving crises
like pandemics may affect perceptions differently than acute disas-
ters like hurricanes.

Income and employment status significantly modified disaster-
related health impacts. Lower-income groups had higher smoking
rates in the early post-hurricane (PR = 1.14–1.48) and early pan-
demic (PR = 1.28) compared to higher-income individuals. Simi-
larly, those who were unemployed, retired, or homemakers were
significantly more likely to smoke post-hurricane (PR = 1.20-1.38)
and drink heavily post-hurricane (PR = 1.48-2.07). These patterns
likely reflect a combination of structural and contextual factors.
Socioeconomic inequities may have shaped access to essential
resources post-disaster, aligning with studies showing how wealthier
populations are better equipped to mitigate disaster impacts.34–36

Previous research suggests that lower-income populations face
greater barriers to disaster relief programs, such as delays in Federal

Emergency Management Agency (FEMA) aid processing, lower
homeownership rates that limit eligibility for rebuilding grants,
and inconsistent health care access post-disaster.37,38 At the same
time, differences in daily routines and time spent at home among
unemployed, retired, or homemakers may also influence health
behaviors, potentially increasing opportunities for substance use
due to reduced structure, social isolation, or the absence of workplace
constraints. Together, these findings highlight the need to consider
both structural inequities and behavioral contexts when interpreting
post-disaster health behaviors.

Women reported significantly more poor mental health days in
both the early (0.43) and late (0.53) pandemic periods, particularly
among homemakers. This aligns with studies showing that women
experienced greater burnout and mental distress during COVID-
19, likely due to increased caregiving responsibilities.39–41 Interest-
ingly, women were not consistently more likely to drink, binge
drink, or smoke post-disaster, except for increased heavy drinking
in the early post-hurricane period. This suggests gender differences
in coping mechanisms, warranting further research.

The early post-hurricane period had the most widespread nega-
tive health effects, with worsened mental and physical health,
reduced exercise, increased smoking and drinking, and more nega-
tive health perceptions. While some of these patterns may be
attributed to the storm’s severity, they may also be shaped by
broader structural factors influencing disaster response and recov-
ery. For example, prior research has documented disparities in
response time and federal aid allocation between Puerto Rico and
U.S. states experiencing similar disasters, such as Hurricanes Har-
vey and Irma in Texas and Florida.20,37,42–44 Although our study
does not directly assess these structural dynamics, such contextual
factors may contribute to differences in recovery trajectories and
population health following disasters. Additionally, limitations in
public health surveillance infrastructure may further constrain the
ability to fully capture these dynamics. For example, BRFSS data
collection in Puerto Rico has been inconsistent across years, limit-
ing the availability of key variables (e.g., nutrition and sleep and
restricting comparability across time.45 Together, these factors
highlight how broader structural conditions may shape not only
disaster recovery, but also the measurement and interpretation of
population health outcomes. Further research is needed to better
understand how these broader structural conditions (e.g., coloni-
alism and exclusion from health surveillance systems) influence
post-disaster health disparities and long-term recovery.

Strengths and Limitations

This study has several strengths. Limited research has examined
multiple disaster exposures in epidemiologic literature, making our
approach using pre-existing data innovative and valuable. Unlike
traditional cross-sectional studies, which struggle with temporal
ambiguity, our study mitigates this issue by focusing on partici-
pants’ health perceptions at the time of the interview and in the
30 days prior. Additionally, given the ethical and logistical chal-
lenges of studying disasters through experimental designs, lever-
aging survey data allows for hypothesis generation that can inform
future cohort or case-control studies.

Another key strength is that, given the widespread impact of
Hurricane María and the COVID-19 pandemic in Puerto Rico, it is
reasonable to assume that most participants interviewed during the
designated disaster periods were affected in some capacity. This
reduces the risk of significant exposure misclassification, though
individual disaster experiences likely varied. Furthermore, using
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BRFSS data allowed for the examination of a broad range of health
outcomes, including physical, mental, and behavioral health, pro-
viding a comprehensive assessment of disaster-related health
effects. Finally, BRFSS is a large, publicly available, and nationally
representative dataset with over 300 variables, making it an import-
ant tool for exploring disaster-related health patterns and generat-
ing hypotheses for future research and policy interventions.

Several limitations should be considered. The study’s repeated
cross-sectional design does not track individuals over time, pre-
venting direct assessment of long-term health trajectories. While
this study is framed within the context of multiple and overlapping
disasters, the analytic approach captures population-level health
patterns across sequential time periods, rather than cumulative
exposure at the individual level. As such, the interpretation of
findings, particularly those that diverge from expected patterns,
should consider the range of potential biases inherent to repeated
cross-sectional survey data collected during periods of disasters.
Future research could incorporate longitudinal cohort studies or
case-control designs to better understand causal relationships and
cumulative disaster effects.

Our findings should be interpreted considering the initial
hypothesis that overlapping disaster conditions, such as incomplete
recovery from Hurricane María intersecting with the COVID-19
pandemic, would exacerbate adverse health outcomes. However,
the interpretation of counterintuitive findings in our study (e.g.,
pandemic period associated with apparent health improvements)
should consider the range of potential biases inherent to repeated
cross-sectional survey collection during periods of large-scale dis-
ruption. These may include selection bias, changes in survey
response patterns, differential access to telephone-based surveys,
and shifts in population composition due to displacement. These
factorsmay influence who is captured in the sample and how health
outcomes are reported during periods of crisis. Nonetheless, the
observed pattern may also indicate that our initial hypothesis
regarding worsening health outcomes during overlapping disaster
periods was not supported in these data.

Selection bias is another potential limitation, as individualsmost
affected by disasters—such as those who lost their homes, lacked
electricity, or migrated off the island—may be underrepresented in
the data. Those with severe disaster experiences may have been
unreachable for phone interviews, incapacitated, or deceased, lead-
ing to possible underestimation of disaster-related health impacts.
Additionally, post-disaster migration, particularly among those
with resources or those most impacted, may contribute to selection
bias. However, if present, this bias would imply that the observed
findings are likely an underestimate and that there may be even
greater impact if those who are missing have a higher risk of poor
health outcomes.

Measurement bias regarding exposure classification should be
considered. We defined disaster exposure based on the time of the
interview relative to the disaster rather than individual-level expos-
ure severity. This assumes uniform exposure, despite significant
variability in disaster impacts such as wind speeds, community
mortality, and power outages across Puerto Rico, as well as poten-
tial variation in recovery trajectories over time.46–48 For example, as
defined the late post-hurricane period spans multiple phases of
recovery, which may not be fully captured by the aggregated time
classification we used. Future studies using more granular data are
needed to better characterize how disaster-related health effects
evolve over time.

It is also important to consider that Hurricane María occurred
shortly after Hurricane Irma, which caused initial disruptions in

parts of Puerto Rico. Although Hurricane María was the primary
driver of widespread infrastructure collapse, the close temporal
proximity of these events may have contributed to the severity of
post-hurricane conditions, making it difficult to fully isolate the
effects of a single storm. Moreover, the late post-hurricane period
overlaps with the 2019-2020 earthquakes, which had geographic-
ally concentrated impacts, mainly affecting the southwestern region
of the island. Due to the lack of geographic identifiers in BRFSS
data, it was not possible to distinguish individuals directly affected
by the earthquakes, and defining a separate earthquake exposure
period would likely introduce substantial exposure misclassifica-
tion. As a result, estimates for the late post-hurricane and early
pandemic periods may partially reflect unmeasured earthquake-
related confounding, particularly among affected populations in
Southwest Puerto Rico, complicating the interpretation of these
time periods as representing distinct phases of recovery or disrup-
tion. Our analysis also relies on self-reported outcomes through the
BFRSS, which may be impacted by social desirability, stigma, and
respondent bias. Latinx populations have historically reported
higher levels of distrust in research,49,50 potentially influencing
disclosure of health status. Additionally, disaster survivors may
perceive their health more favorably when comparing themselves
to others who experienced more severe losses, such as the complete
destruction of their homes. This pattern of downward social com-
parison has been noted in previous disaster studies, where individ-
uals report improved well-being when they perceive others as
having suffered more significantly.51,52 While our research team
has also observed this tendency, further empirical studies are
needed to substantiate this phenomenon.

Importantly, Hurricane María and the COVID-19 pandemic
represented widespread, near-universal disruptions in Puerto Rico,
including prolonged power outages, mobility restrictions, and eco-
nomic impacts. However, even under such population-wide expos-
ures, estimates derived from repeated cross-sectional surveys may
still be influenced by shifts in sample composition, migration,
differential access to telephone-based surveys, and changes in
response patterns over time. As a result, observed differences across
periods may reflect both true changes in population health and
these underlying survey-related dynamics. While the pre-disaster
period was used as a reference, observed differences across time
periods may reflect underlying temporal trends or shifts in popu-
lation composition, rather than the direct effects of disaster expos-
ure alone. Future studies could incorporate approaches such as
placebo or time-shift analyses to further assess the extent to which
observed patterns are attributable to disaster-related events versus
broader temporal dynamics.

Lastly, the interaction analyses involved multiple comparisons
across categorical variables (e.g., age, income, education, marital
status, employment, and disaster period), increasing the likelihood
of Type I errors or chance findings.53–55 Although a Bonferroni
correction could be used to adjust for multiple comparisons, it may
be overly conservative, increasing the risk of Type II errors. Future
studies may benefit from applying false discovery rate approaches,
such as the Benjamini-Hochberg procedure, to better balance error
control with statistical power.56

Conclusion

Our findings provide important insights into the association
between multiple disaster exposures and public health outcomes.
Consistent with prior research on post-disaster mental health, we
observed adverse effects on self-reported mental health, smoking,
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and alcohol consumption, with the first 6 months post-hurricane
being particularly harmful. In contrast, the pandemic period
appeared to have a protective effect on self-reported health out-
comes. These associations varied by sex, income, education, and
employment, highlighting the need for a more nuanced under-
standing of how disasters affect different populations. Overall, our
results suggest that disasters can negatively impact health and that
recovery efforts should prioritize targeted interventions for vul-
nerable groups. Policymakers should examine the differential
effects of hurricanes and pandemics and consider whether more
rapid response measures or widespread financial assistance fol-
lowing catastrophic hurricanes could help mitigate mental health
consequences. In addition to short-term financial assistance, dis-
aster recovery strategies should prioritize sustained mental health
interventions. Given the disproportionate burden of poor mental
health and substance use among lower-income and unemployed
groups, integrating community-based mental health services into
disaster response plans could mitigate long-term consequences.
Expanding mobile or electronic (tele-health) mental health units,
increasing accessibility to culturally competent care, and ensuring
long-term Medicaid coverage for disaster-affected populations may
help reduce disparities in post-disaster health outcomes. Future
research could benefit from retrospective designs that better account
for individual-level disaster exposure across multiple events.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/dmp.2026.10410.

Data availability statement. The datasets generated and analyzed during the
current study are available from the corresponding author on reasonable
request.

Author contribution. Mislael A. Valentín-Cortés: Conceptualization, meth-
odology, formal analysis, data curation, investigation, software, writing—ori-
ginal draft.

Marie S. O’Neill: Supervision, conceptualization, writing—review and edit-
ing. Michael R. Elliott: Supervision, methodology, writing—review and editing.
Paul J. Fleming: Supervision, writing—review and editing. Carlos E. Rodriguez-
Diaz: Supervision, writing—review and editing. Alexis J. Handal: Supervision,
conceptualization, writing—review and editing.

Competing interests. None.

Sources of support. Support for this project was provided by grants P30
ES017885, R01 ES026603, and T32 ES007062 from the National Institutes of
Health/National Institute of Environmental Health Sciences (NIH/NIEHS); grant
T42 OH008455 from the National Institute for Occupational Safety and Health
(NIOSH), Centers for Disease Control and Prevention (CDC); and the University
of Michigan Rackham Graduate School Rackham Merit Fellowship to MVC.

References

1. Atwoli L, Baqui AH, Benfield T, et al. Call for Emergency action to limit
global temperature increases, restore biodiversity, and protect health. J Gerontol
A Biol Sci Med Sci.Oct 13 2021;76(11):1962–1964. doi:10.1093/gerona/glab228

2. Haines A, Patz JA. Health effects of climate change. JAMA. 2004;291(1):
99–103.

3. Solomon CG, LaRocque RC. Climate change—a health emergency.N Engl
J Med. 2019;380(3):209–211.

4. World Health Organization. Climate Change and Health. https://
www.who.int/news-room/fact-sheets/detail/climate-change-and-health

5. Smith GS, Anjum E, Francis C, et al. Climate change, environmental
disasters, and health inequities: the underlying role of structural inequal-
ities. Curr Environ Health Rep. 2022;9(1):80–89.

6. Rath B, Young EA, Harris A, et al. Adverse respiratory symptoms and
environmental exposures among children and adolescents following Hur-
ricane Katrina. Public Health Rep. 2011;126(6):853–860.

7. Ryan BJ, Franklin RC, Burkle FM, et al. Defining, describing, and cat-
egorizing public health infrastructure priorities for tropical cyclone, flood,
storm, tornado, and tsunami-related disasters. Disaster Med Public Health
Prep. 2016;10(4):598–610.

8. Martine G,Guzmán JM. Population, Poverty, and vulnerability: mitigating
the effects. Environ Change Secur Proj Rep. 2002;(8):45.

9. Ryan BJ, Franklin RC, Burkle FM, et al. Analyzing the impact of severe
tropical Cyclone Yasi on public health infrastructure and the management
of noncommunicable diseases. Prehosp Disaster Med. 2015;30(1):28–37.

10. Galea S, Nandi A, Vlahov D. The epidemiology of post-traumatic stress
disorder after disasters. Epidemiol Rev. 2005;27(1):78–91.

11. Neria Y,Nandi A,Galea S.Post-traumatic stress disorder following disasters:
a systematic review. Psychol Med. 2008;38(4):467–480.

12. Goldmann E, Galea S.Mental health consequences of disasters. Annu Rev
Public Health. 2014;35:169–183.

13. Salazar MA, Pesigan A, Law R, et al. Post-disaster health impact of
natural hazards in the Philippines in 2013. Glob Health Action. 2016;9(1):
31320.

14. Dirkzwager AJ, Grievink L, Van der Velden PG, et al. Risk factors for
psychological and physical health problems after a man-made disaster:
prospective study. Br J Psychiatry. 2006;189(2):144–149.

15. Schwartz RM, SisonC,Kerath SM, et al. The impact of Hurricane Sandy on
the mental health of New York area residents. Am J Disaster Med. 2015;
10(4):339–346.

16. DiMaggio C, Galea S, Li G. Substance use and misuse in the aftermath of
terrorism. A Bayesian meta-analysis. Addiction. 2009;104(6):894–904.

17. Kopak AM, Van Brown B. Substance use in the life cycle of a disaster: a
research agenda and methodological considerations. Am Behav Sci. 2020;
64(8):1095–1110.

18. Leppold C, Gibbs L, Block K, et al. Public health implications of multiple
disaster exposures. Lancet Public Health. 2022;7(3):e274–e286.

19. Mitchell A, Maheen H, Bowen K. Mental health impacts from repeated
climate disasters: an Australian longitudinal analysis. Lancet Reg Health—
West Pac. 2024;47:101087.

20. Rodríguez-Díaz CE. Maria in Puerto Rico: Natural Disaster in a Colonial
Archipelago. American Public Health Association; 2018.

21. Garriga-López AM, Quiles J. For Puerto Rico, True Decolonization Must
Mean Independence: The Puerto Rico Status Act nominally presents a
choice on the archipelago’s political future, but US impositions will never
offer a path to liberation.With a people’s education campaign, new autono-
mous directions are possible. NACLA Rep Am. 2024;56(1):12–19.

22. National Center for Chronic Disease Prevention andHealth Promotion.
Behavioral Risk Factor Surveillance System.Updated August 29, 2023. 2023.
https://www.cdc.gov/brfss/

23. Kolenikov S. Calibrating survey data using iterative proportional fitting
(raking). Stata J. 2014;14(1):22–59.

24. Flores Roque G. Psychological effects before, during and after Hurricane
Maria. Int J Qual Stud Educ. 2022;35(8):843–856.

25. Wyss J. Puerto Rico’s suicide rates spiked after Maria. And the mental
health crisis isn’t over. Miami Herald; 2018. https://www.miamiherald.
com/news/nation-world/national/article217545615.html

26. Amrhein V,Greenland S,McShane B. Scientists Rise Up Against Statistical
Significance. Nature Publishing Group; 2019.

27. Esterwood E, Saeed SA. Past epidemics, natural disasters, COVID19, and
mental health: learning from history as we deal with the present and prepare
for the future. Psychiatr Q. 2020;91:1121–1133.

28. Davis RE, Johnson TP, Lee S, et al. Why do Latino survey respondents
acquiesce? Respondent and interviewer characteristics as determinants of
cultural patterns of acquiescence among Latino survey respondents. Cross-
Cult Res. 2019;53(1):87–115. doi:10.1177/1069397118774504

29. West BT, Blom AG. Explaining interviewer effects: a research synthesis.
J Surv Stat Methodol. 2017;5(2):175–211.

30. Wynder EL. Investigator bias and interviewer bias: the problem of reporting
systematic error in epidemiology. J Clin Epidemiol. 1994;47(8):825–827.

10 Mislael A. Valentin-Cortes et al.

https://doi.org/10.1017/dmp.2026.10410
Downloaded from https://www.cambridge.org/core. IP address: 24.171.206.56, on 12 Aug 2026 at 16:11:37, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

http://doi.org/10.1017/dmp.2026.10410
https://doi.org/10.1093/gerona/glab228
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.cdc.gov/brfss/
https://www.miamiherald.com/news/nation-world/national/article217545615.html
https://www.miamiherald.com/news/nation-world/national/article217545615.html
https://doi.org/10.1177/1069397118774504
https://doi.org/10.1017/dmp.2026.10410
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


31. Van Brown BL, Kopak AM, Hinkel HM. A critical review examining
substance use during the disaster life cycle. Disaster Prev Manag: An
International Journal. 2019;28(2):171–182.

32. Zengin İspir G,DanışmanM, Sezer Katar K. Substance use disorders after
natural disasters: a narrative review. J Addict Dis. 2023;42(4):578–581.

33. Bell SA, Choi H, Langa KM, et al. Health risk behaviors after disaster
exposure among older adults. Prehosp Disaster Med. 2019;34(1):95–97.

34. Jiang Y, Zilioli S, Rodriguez-Stanley J, et al. Socioeconomic status and
differential psychological and immune responses to a human-caused dis-
aster. Brain Behav Immun. 2020;88:935–939.

35. Kellenberg DK, Mobarak AM. Does rising income increase or decrease
damage risk from natural disasters? J Urban Econ. 2008;63(3):788–802.

36. Masozera M, Bailey M, Kerchner C. Distribution of impacts of natural
disasters across income groups: a case study of New Orleans. Ecol Econ.
2007;63(2-3):299–306.

37. Willison CE, Singer PM, Creary MS, et al. Quantifying inequities in US
federal response to hurricane disaster in Texas and Florida compared with
Puerto Rico. BMJ Glob Health. 2019;4(1):e001191.

38. Martín C,Donoghoe M, Kousky C, et al. Vulnerable families need a more
responsive and reliable federal disaster safety net. Brookings Institution.
2023. https://www.brookings.edu/articles/vulnerable-families-need-a-more-
responsive-and-reliable-federal-disaster-safety-net

39. Aldossari M, Chaudhry S. Women and burnout in the context of a
pandemic. Gend Work Organ. 2021;28(2):826–834.

40. Kantamneni N. The impact of the COVID-19 pandemic on marginalized
populations in the United States: a research agenda. J Vocat Behav. 2020;
119:103439.

41. Parry BR,Gordon E. The shadow pandemic: inequitable gendered impacts
of COVID-19 in South Africa. Gend Work Organ. 2021;28(2):795–806.

42. Acevedo N. Audit shows persistent disparity in Puerto Rico post-hurricane
housing aid versus Florida, Texas. NBC News. 2020. https://www.nbcnews.
com/news/latino/audit-shows-persistent-disparity-puerto-rico-post-hurri
cane-housing-aid-n1164416

43. Joseph SR, Voyles C,Williams KD, et al. Colonial neglect and the right to
health in Puerto Rico after Hurricane Maria. Am J Public Health. 2020;
110(10):1512–1518.

44. Purtle J, Rivera-González AC, Mercado DL, et al. Growing inequities in
mental health crisis services offered to indigent patients in Puerto Rico
versus the US states before and after Hurricanes Maria and Irma. Health
Serv Res. 2023;58(2):325–331.

45. Dignard C. Puerto Rico’s Health Data Divide. Boston University School of Public
Health. 2024. https://publichealthpost.org/health-equity/puerto-ricos-health-data-
divide/

46. Bessette-Kirton EK, Coe J, Godt J, et al. Map data showing concentration
of landslides caused by Hurricane Maria in Puerto Rico. US Geological
Survey data release [Internet]. 2017. doi:10.5066/F7JD4VRF.

47. Pasch R, Penny A, Berg R. Hurricane Maria: National Hurricane Center
Tropical Cyclone Report. 2023. https://www.nhc.noaa.gov/data/tcr/AL152017_
Maria.pdf

48. US Geological Survey. Landslides Preliminary Puerto Rico. n.d. https://
www.usgs.gov/media/images/ls-preliminary-puerto-rico-9

49. Cunningham-Erves J, Barajas C, Mayo-Gamble TL, et al. Formative
research to design a culturally-appropriate cancer clinical trial education
program to increase participation of African American and Latino com-
munities. BMC Public Health. 2020;20(1):1–14.

50. Serrano M. Increasing Latino Participation in Research: Feasibility of the
Promotora Model. The University of North Carolina at Chapel Hill; 2023.

51. Güler A, Gül S, YıldırımM. Social comparison, resilience, life satisfaction,
depression, and anxiety among earthquake survivors in Turkey. Int J
Disaster Risk Reduct. 2024;105:104426.

52. Wills TA. Downward comparison as a coping mechanism. In: Snyder CR,
Ford CE, eds. Coping With Negative Life Events: Clinical and Social Psy-
chological Perspectives. Springer; 1987:243–268.

53. Bender R, Lange S. Adjusting for multiple testing—when and how? J Clin
Epidemiol. 2001;54(4):343–349.

54. Bland JM,Altman DG. Multiple significance tests: the Bonferroni method.
BMJ. 1995;310(6973):170.

55. Napierala MA. What is the Bonferroni correction? AAOS Now. 2012;6(4):
40–41.

56. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. J R Stat Soc Ser B Methodol.
1995;57(1):289–300.

Disaster Medicine and Public Health Preparedness 11

https://doi.org/10.1017/dmp.2026.10410
Downloaded from https://www.cambridge.org/core. IP address: 24.171.206.56, on 12 Aug 2026 at 16:11:37, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://www.brookings.edu/articles/vulnerable-families-need-a-more-responsive-and-reliable-federal-disaster-safety-net
https://www.brookings.edu/articles/vulnerable-families-need-a-more-responsive-and-reliable-federal-disaster-safety-net
https://www.nbcnews.com/news/latino/audit-shows-persistent-disparity-puerto-rico-post-hurricane-housing-aid-n1164416
https://www.nbcnews.com/news/latino/audit-shows-persistent-disparity-puerto-rico-post-hurricane-housing-aid-n1164416
https://www.nbcnews.com/news/latino/audit-shows-persistent-disparity-puerto-rico-post-hurricane-housing-aid-n1164416
https://publichealthpost.org/health-equity/puerto-ricos-health-data-divide/
https://publichealthpost.org/health-equity/puerto-ricos-health-data-divide/
https://doi.org/10.5066/F7JD4VRF
https://www.nhc.noaa.gov/data/tcr/AL152017_Maria.pdf
https://www.nhc.noaa.gov/data/tcr/AL152017_Maria.pdf
https://www.usgs.gov/media/images/ls-preliminary-puerto-rico-9
https://www.usgs.gov/media/images/ls-preliminary-puerto-rico-9
https://doi.org/10.1017/dmp.2026.10410
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	Extreme Weather Events and Pandemic Threats: Analyzing the Health Impacts of Multiple Disaster Events in Puerto Rico
	Introduction
	Materials and Methods
	Data Source
	Weighting
	Exposure Measurement
	Outcome Variables of Interest
	Covariates
	Analytic Approach
	Ethical Approval

	Results
	Main Effects: Days of Poor Health
	Main Effects: Current General Health Status and Health-Modifying Behaviors
	Effect Modification: Days of Poor Health
	Effect Modification: Current General Health Status and Health-Modifying Behaviors

	Discussion
	Summary of Research Findings
	Main Discussion and Contextualization of Results
	Strengths and Limitations

	Conclusion
	Supplementary material
	Data availability statement
	Author contribution
	Competing interests
	Sources of support
	References


