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Abstract

Objectives: Only few studies evaluated whether hurricane preparedness impacts health. The
PREPARE study addresses this gap.

Methods: We recruited participants who had pertinent pre-hurricane data from the San Juan
Overweight Adults Longitudinal Study (SOALS: n=364) and 125 patients with diabetes from
Federally Qualified Health Center (COSSMA\) in Puerto Rico. Participants aged 4275 years
completed interviews 20-34 months after Hurricanes Irma and Maria. We evaluated associations
between self-reported hurricane preparedness and health and other related associations using
logistic regression controlling for age, location, education and interview date.

Results: Only 41% of participants reported high pre-hurricane preparedness; 25% reported gaps
(moderate/low availability) in information and 48% reported gaps in resources for hurricane
preparedness. Participants reporting lower pre-hurricane preparedness had higher reported
hurricane-related detrimental health impact (OR=1.96; 95% CI: 1.31, 2.95) and higher odds
(OR=2.07; 95% CI: 0.92, 4.68) of developing new non-communicable disease (NCD) compared

to others. Post-hurricane drinking water disruption for = 3 months versus none or less (OR=2.76;
95% CI: 1.39, 5.47) and similarly diet changes due to cooking/refrigeration access (OR=1.96; 95%
Cl: 1.24, 3.07), and diet changes for = 20 months due to finances/access to shops (OR=2.83; 95%
Cl: 1.85, 4.32) were also associated with detrimental health impact.
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Conclusion: Lower preparedness was associated with higher detrimental impact of the
hurricanes on overall health, and marginally significant impact on NCD. Future preparedness
efforts could especially target means of coping with disruption of water services and regular diet,
as these were also associated with detrimental health impact.

1. Introduction

Rising global surface temperatures have given way to an increased intensity of natural
disasters, including hurricanes, which could have detrimental effects on health and well-
being.! The Atlantic Ocean had its most active hurricane season on record in 2020,

with 30 named tropical storms,2 ten of which underwent rapid intensification. Exposure

to hurricanes and other disasters is a consistent predictor of individual adverse health
outcomes, including worsening of chronic disease, infections,*-6 and mental health
disorders.”~2 Reducing exposure to hurricane-related stressors at individual and community
levels could potentially prevent associated adverse health outcomes.?

The track and intensity of hurricanes are reasonably estimated a day or more prior to their
impact on land. This provides time for government and other entities to issue warnings and
calls for actions, including evacuation and preparation for potential damage to homes, and
disruption of power and water and food access. For example, residents of hurricane-prone
areas, such as those in low lying areas, are often advised to prepare “disaster kits” and
“grab bags” and identify areas within the home to avoid injury.10: 11 Importantly, hurricanes
generally occur within the defined hurricane season, allowing people in hurricane prone
areas to prepare well in advance to avoid adverse health outcomes.

Prior research indicates low levels of disaster preparedness, even in disaster-prone areas.
For example, data from the Behavioral Risk Factor Surveillance System (BRFSS) showed
that 78% of participants in United States (US) reported feeling prepared for a disaster in
2006, but only 45% were actually adequately prepared.12 A 2012 review suggested that
only 30-40% of US residents had emergency supplies.13 Even in an area where people have
previously experienced hurricane disasters, only 8% of participants had enough food, water,
and medications to last three days or more.1# Several studies identified barriers preventing
people from preparing adequately, including lack of time and resources for emergency
supplies, as well as unclear messages on how to prepare.12-15

The majority of studies to date have helped identify gaps in preparedness in different
populations, including high-risk groups like older adults!!: 15-17 and residents of

disaster prone areas.18: 19 However, many of these studies asked participants about their
preparedness for a hypothetical future disaster. Hence, these studies do not assess how
actual preparedness efforts influenced disaster impacts. Also, most studies did not evaluate
individual components of preparedness (e.g. water, food), and only a few drew on qualitative
or mixed methods data to understand gaps in disaster preparedness.

Puerto Rico (PR), a US territory since 1898, is an archipelago in a very hurricane-prone
region in the Caribbean. Adults living in PR have a higher incidence of chronic diseases,
such as hypertension, diabetes, and obesity compared to adults living in mainland US.
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Hurricane Irma passed close to Puerto Rico (PR) on September 6, 2017 with Category

5 winds, resulting in significant flooding, widespread power outages, and water supply
disruptions.29: 21 Just 14 days later, Hurricane Maria (Category 4) made landfall in Puerto
Rico, resulting in severe flooding, mudslides, and extensive damage to property, and
infrastructure including extensive disruption of water service and damage to the power grid
with disruption of power across the entire region.22

An official death toll of 64 attributed to Hurricane Maria by December 2017 was initially
reported by the PR government. In 2018, a Harvard University study?3 estimated 4,645
deaths, and a George Washington University study24 estimated 2,975 deaths, later accepted
as the official death toll. Prior research elsewhere showed that hurricanes are associated with
increased non-communicable disease (NCD) risk.2528 One recent study in the US Virgin
Islands?® found that older adults and people with chronic disease faced the most adverse
health impacts of Hurricanes Irma and Maria. Limited access to water along with prolonged
loss of power due to Hurricane Maria were suggested to have been major contributors to
high morbidity and excess mortality in Puerto Rico.23: 24 However, preparedness and its
association with health impacts has not been evaluated in this context. Several studies show
that patients with diabetes have serious complications in unfavorable environments due to
disrupted health services and limited resources3C. Potential explanations include anxiety,
overeating, interruption of medications and physical activity, disruption of water supply, and
limited resources after natural disasters31-33, The publications estimating death tolls after
Hurricane Maria23 24 did not evaluate NCD, which may explain the increased mortality.

Understanding gaps in preparedness, especially among high-risk groups with pre-existing
health conditions could inform improvements in hurricane preparedness to reduce the impact
on morbidity and mortality. This manuscript focuses on evaluating preparedness and its role
in mitigating the detrimental long-term impacts of hurricanes on health among high-risk
Hispanic adults in Puerto Rico. The aims of this manuscript are: (1) to describe hurricane
preparedness among Puerto Rican adults prior to Hurricanes Irma/Maria; (2) to identify gaps
in hurricane preparedness; (3) to understand the relationship between hurricane preparedness
and the impact of the hurricanes on health; and (4) to understand the associations between
post-hurricane disruptions of power, water and food access on health.

2. Methods

The Preparedness to Reduce Exposures and diseases Post-hurricanes and Augment
Resilience (PREPARE) study built on existing cohorts to enable a longitudinal study to
evaluate the impact of Hurricanes Irma and Maria on health outcomes in Puerto Rico, and to
evaluate hurricane preparedness and resilience in this context.

2.1 Study population

The goal was to enroll participants from across Puerto Rico with pertinent data prior to

the hurricanes. Hence, we sampled from two different sources, and conducted additional
evaluations after Hurricanes Irma and Maria hit Puerto Rico. We recruited the majority

of participants from an existing cohort, San Juan Overweight Adults Longitudinal Study
(SOALS). Since SOALS consisted of adults drawn primarily from San Juan and neighboring
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areas, and since the hurricanes impact varied by location, we stratified the sampling by
location in SOALS. Diabetes incidence and management were of key interest in PREPARE.
Since SOALS recruited participants without physician diagnosed diabetes, and we also
wanted to capture more participants from remote areas of Puerto Rico, we recruited
participants with confirmed diabetes from federally qualified health centers Corporation of
Health Services and Advanced Medicine (Spanish acronym: COSSMA). COSSMA has been
providing outpatient health clinics, education, prevention programs, and special services for
people with chronic disease from the rural eastern central region of Puerto Rico, where the
eye of Hurricane Maria made landfall.

The primary goal of SOALS was to evaluate the bidirectional association between
periodontitis and pre-diabetes. SOALS recruited 1,206 overweight/obese Hispanic adults
aged 40 to 65 years (one who was found to be 39 and one 67 were retained), without
diabetes mellitus (DM) and major conditions including cardiovascular disease.34 Data were
collected at baseline (2011-2013) and three-year follow-up (2014-2016) exams. From the
1,028 who completed the follow up visit, we excluded 22 people for missing data, 125 with
DM detected from study assessments at the baseline visit, three deceased, and one who

had not consented for future studies. Eight refused to be contacted, leaving 869 eligible
participants from three locations: 377 from the capital city (San Juan), 281 from the rest of
the San Juan Metropolitan area (Metro area), and 211 from municipalities of Puerto Rico
outside of San Juan Metropolitan Area (Other). We aimed to recruit 125 participants from
each of these locations to get a more representative sample across Puerto Rico.

Inclusion criteria for COSSMA were: 1) having been a COSSMA patient in 2017 prior to
Hurricane Maria; 2) having a diabetes diagnosis at a COSSMA visit prior to the hurricanes;
3) having attended at least one COSSMA medical appointment no earlier than one year
before Hurricanes Irma and Maria and another visit within the year after; and 4) having
data in their electronic health records (EHR) on HbAlc, height, and weight measurements
before and after the hurricanes. COSSMA provided services to 2,306 individuals with DM
prior to Hurricane Maria in 2017. After excluding patients with other missing information,
we identified 416 potential participants with a similar age distribution to that of SOALS
participants and with HbAlc assessments dated three months prior to Hurricane Irma (since
HbA1c measures reflect the last three months). We recruited by priority levels based on
post-hurricane HbAlc assessment dates in 2018 closer to 1 year after the hurricanes,

until we reached our target of 125 participants with roughly equal having controlled and
uncontrolled DM.

2.2 Procedures

An interview guide was developed with input from experts. All interviewers had at

least completed high school. Training consisted of explaining and discussing each item

and direct data entry in the REDCap platform, providing tips and effective techniques

to gather data through interviews, and conducting mock interviews. Experienced study
investigators trained the 16 interviewers, and conducted regular oversight to ensure that
data collection procedures were performed correctly, and provided feedback as needed. The
trained interviewers conducted recruitment and data collection between May 2019 and July
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2020, 20-34 months after the hurricanes. They mailed an initial invitation to eligible SOALS
participants followed by calls, and called COSSMA patients to inform them about the

study. They scheduled eligible and willing participants for in-person visits. After completing
written informed consent and confirmation of eligibility, they conducted computer-aided
interviews on the REDCap platform. Interviews were conducted in person at the University
of Puerto Rico Medical Sciences Campus for SOALS participants, and at a convenient
COSSMA healthcare facility (Cidra and Las Piedras) for COSSMA patients.

Puerto Rico experienced a series of earthquakes in January 2020, and the government
mandated COVID-19 pandemic lockdown started on March 15, 2020, which impacted the
study. Before the lockdown, we had completed 54 COSSMA visits and 364 SOALS visits.
We conducted the 71 pending COSSMA interviews with verbal consent by telephone during
the pandemic. We decided not to complete the pending SOALS procedures, as we could not
conduct in-person assessments needed for other aims, and we were only short of our target
by 11 participants.

2.3 Measures

Questionnaires assessed impacts of the hurricanes, health conditions, and preparedness. In
order to identify possible gaps in preparedness, participants were asked to rate the degree to
which they felt they had the information and/or resources for adequate individual hurricane
preparedness, and to report specific gaps. Since Hurricane Maria was later and caused much
more damage than Irma, and we felt that it might be difficult for participants to distinguish
Irma and Maria in their responses given how close they were in time, most questions focused
on what happened after Maria.

Appendix 1 lists the key questions assessed in PREPARE that were used in this analysis
(questions were administered in Spanish, but the English versions are provided here).
Pertinent data including sociodemographic and medical data were abstracted from EHR for
COSSMA participants. We assessed development of any major new NCD since the SOALS
follow-up visit (2014-2020). COSSMA data was abstracted from the EHR, where we had
actual dates to identify participants who developed NCD following the hurricanes.

Content analysis of the qualitative data obtained from the interviews was performed by three
of the authors. For each question, a line-by-line analysis of the transcripts was conducted to
determine common and recurring themes and patterns. We used an iterative process to refine
the themes and codes identified. Discrepancies in coding were discussed, disagreements
were resolved via mutual consensus, and criteria for each theme were revised as needed.
After consensus of the themes and codes between all researchers, we computed counts and
descriptive statistics by common themes and cohort for eligible participants.

2.4 Statistical methods

Descriptive statistics were generated overall and by cohort (SOALS or COSSMA).
Descriptive statistics include sociodemographic variables, disruption of essential services,
components of preparedness and gaps in preparedness, and impact of the hurricanes.
Logistic regression was used to evaluate the association between reported levels of
preparedness and reported impact of the hurricanes on the participants’ health on
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development of new NCD. Analyses were conducted separately in each cohort and then
pooled to achieve better control of confounding. Multivariable analyses were adjusted for
age, education level, and for location in SOALS. Since the timing (before earthquakes,
after pandemic) and different data collection methods (in-person or by telephone) could
have affected the integrity of the sample and the quality of the responses obtained, we also
controlled for the date of interviews (before or after the events). Participants were excluded
from the analysis for which they had missing data on any of the variables. Statistical
significance level was set to 0.05. All analyses were conducted using Stata 16.1. Similar
analyses were conducted for additional exposures related to hurricane preparedness and
impact (water, power loss and diet changes). Key analyses were repeated evaluating reported
impact of the hurricanes on the participant’s family’s health as the outcome.

3.1 Descriptive statistics

Descriptive statistics are presented in Table 1. The mean age of participants was 59.8

years (SD=7.1), 75% were female, 94% were of Puerto Rican descent, and 49% were
mixed/unspecified race. Over half the participants (58%) reported a household income below
$20,000, and 61% reported having more than high school diploma post-secondary education
degrees. SOALS participants (all free of diabetes) were younger and had substantially higher
income and education than COSSMA participants (patients with diabetes). Around one-third
of participants reported that the hurricanes impacted their health (43% of COSSMA and
32% of SOALS participants), and 36% reported that the hurricanes impacted the health

of their family. The majority of participants (71%) reported that hurricanes impacted their
finances (75% SOALS and 59% COSSMA).

All participants lost power (average 19.2 weeks, SD=12.2); 96% reported being without
power for one month or longer and 54% for longer than 3 months. Among COSSMA
participants, 77% reported losing power for over 3 months (average 27.8 weeks, SD=13.5),
compared to 46% of SOALS participants (average 16.2 weeks, SD=10.2). Overall, 73%

lost water service (average 8.5 weeks, SD=9.6, median 4.3 weeks) (data not in table).

A total of 53% lost access to their primary source of drinking water and 15% of these
participants had drinking water disrupted for over three months. Participants whose drinking
water was disrupted, stored water for five weeks on average (SD=7.2), and 63% of them

did not store water or stored water estimated to last them less than one month. Over half

of the participants (53%) did not store enough water to compensate for the duration of
water service disruption. Before the hurricanes, 52% of the SOALS participants consumed
bottled water as their main source, and after the hurricanes, 75% consumed bottled water

as their main source (not shown in tables); these data were not collected for COSSMA.
Most participants who lost water access resorted to consuming bottled water (89%) and
18% resorted to oases. Oases, supplied by the government Emergency Management Offices,
consisted of places where people could fill up containers for water and included cistern
trucks and fixed portable tanks3®: 36, There were over 100 established points across the

78 municipalities. Many participants reported concerns regarding drinking water including
quality (51%), taste (28%), and color (32%). Stored food lasted participants an average of
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5.2 weeks SD=9.0 (median 3 weeks). Of the 398 participants who responded to the question
on diet changes due to lack of refrigeration or cooking means after the hurricanes, 78.4%
(312 of the 398 participants) had to make changes for one month or longer. Over a quarter
(28%) of participants reported long-term changes to their diets due to challenges in access to
shops and/or financial impact from the hurricanes.

3.2 Perceived gaps in preparedness

Only 41% of participants (42% SOALS vs. 38% COSSMA\) reported being highly prepared
for Hurricane Maria (Table 1). Overall, 84% of participants (87% SOALS and 76%
COSSMA) reported that their experiences with the hurricanes prepared them greatly for
future disasters (as indicated by “high degree” or “very high degree” responses to Q10

in Appendix 1 “How well did your experience with hurricanes Irma and Maria prepare

you for future events?”). Overall, 75% (366/488) reported that they were highly informed
about individual hurricane preparedness at the time of interview including 80% (292/364)
of SOALS participants and 60% (74/124) of COSSMA participants (Table 2). Only 52% of
all participants (255/488) reported having enough resources to be highly prepared including
56% (204/364) of SOALS participants and 41% (51/124) of COSSMA participants.

Among 122 (25%) participants who reported moderate to low / no availability of
information for hurricane preparedness (72 from SOALS and 50 from COSSMA), responses
to the open-ended question to identify specific gaps in information for adequate hurricane
preparedness are summarized in Table 2. Fifty-three participants responded to the open-
ended question with do not know, none/nothing or all, but did not identify any specific gaps.
Among the 69 participants who reported specific gaps, 25 (36%) including 28% (14/50) in
SOALS and 58% (11/19) in COSSMA reported gaps related to general information about
hurricanes, 30% (21/69) including 32% (18/50) in SOALS and 16% (3/19) in COSSMA
reported emergency management strategies as the most frequently reported gaps. The latter
included contingency plans (e.g., emergency plans for people with specific health needs

or functional diversity, condominiums, neighborhoods), safe areas, shelters, and other aids.
Other key gaps reported were food security and storage methods including 20% (14/69)
overall, 26% (13/50) in SOALS and 5% (1/19) in COSSMA,; and water storage and available
oasis centers including 12% (8/69) overall, 16% (8/50) in SOALS and 0% in COSSMA.. The
least frequently reported information gaps among both cohorts included alternative energy
sources, home protection, and gaps related to emergency backpack (e.g., information on how
to prepare the emergency backpack, what to include and in what quantity, and where to store
the backpack).

Among 189 (47.8%) participants who reported moderate to low / no availability of resources
for hurricane preparedness (150 from SOALS and 39 from COSSMA), responses to the
open-ended question to identify gaps in resources for adequate hurricane preparedness

are summarized in Table 2. Forty-four participants responded to the open-ended question
with do not know, or none/nothing, but did not identify any specific gaps. The order of
frequency was similar in both cohorts for economic resources (45%: 85/189), alternative
energy sources (33%: 63/189), home protection and improvements (22%: 41/189), and water
storage (17%: 32/189). Gaps in economic resources were reported by 49% (73/150) of
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SOALS participants compared to 31% (12/39) of COSSMA participants, whereas a need
for alternative energy and powered gadgets was reported by 26% (10/39) of COSSMA
participants compared to 35% (53/150) of SOALS participants.

3.3 Associations between preparedness and hurricane-related health impact

Figure 1 shows the health impact of hurricanes on participants and their families by
preparedness levels. Among people with high preparedness, 26% reported an impact on
their own health, compared to 40% of those with low preparedness. Among people with high
preparedness, 32% reported an impact on their family’s health, whereas among people with
low preparedness, 38% reported an impact on their family’s health.

Table 3 shows results from multivariable analyses, pooling across both cohorts. All analyses
controlled for age (60 years old or younger vs older than 60 years old), cohort (SOALS

vs. COSSMA), location (only in SOALS), education (high school diploma or less vs.

more than high school diploma), and date of interview (before the events vs. after the
earthquakes vs. after COVID-19 pandemic). Participants who reported low to moderate
levels of preparedness had 1.96 times the odds (95% ClI: 1.31, 2.95) of experiencing an
adverse health outcome compared to participants who reported a high level of preparedness
prior to Hurricane Maria; the association was similar in SOALS (OR=1.95; 95% CI: 1.21,
3.14) and COSSMA (OR=2.05; 95% CI: 0.92, 4.58) (data not shown in tables). When

we additionally adjusted for pre-hurricane family income in SOALS (data not available in
COSSMA) as a measure of financial ability to adequately prepare for the disaster prior to
the hurricanes, it did not change the estimates. Preparedness was not significantly associated
with family health (OR=1.34; 95% CI: 0.91, 1.98).

Among participants who reported low to moderate levels of preparedness, 69% developed a
new NCD, compared with 57% among those who reported a high preparedness. Participants
who reported low to moderate levels of preparedness had 2.07 higher odds (95% CI:

0.92, 4.68) of developing a new NCD compared to participants who reported a high

level of preparedness, after controlling for age, location, education, and date of interview.
Participants who had any major NCD prior to the hurricanes (except for diabetes in
COSSMA) were excluded from this analysis.

Associations between power, water, and diet changes and health impact of hurricanes

Multivariable analyses pooling both cohorts showed that participants who reported drinking
water disruption for over 3 months had 2.76 (95% CI: 1.39, 5.47) times odds of experiencing
a health impact compared to participants who reported shorter duration or no disruption.
This association was null for family’s health as the outcome. We also compared participants
who had longer interruptions in drinking water than their water in storage lasted, with

those whose water in storage lasted longer than or similar to the period of interruption of
service; there was a weak and non-significant association (OR= 1.43; 95% Cl: 0.84, 2.44).
Duration of power loss (over three months compared to shorter duration) was not associated
with health impact (OR=1.17; 95% CI: 0.79, 1.74). Participants who had lost both water
and power for longer than three months (compared to other participants) had higher health
impact (pooled OR=2.82; 95% CI: 1.36, 5.87). Participants who made diet changes due to
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lack of refrigeration or cooking means for = 3 months had twice the odds of reporting a
health impact than participants with none or less than three months diet changes (OR=1.96;
95% CI: 1.24, 3.07); the odds ratio was 1.51 (95% ClI: 0.96, 2.37) for family’s health.
Participants who had longer-term diet changes (up to the time of study interviews) due to
lack of access to stores or financial impact had 2.83 (95% CI: 1.85, 4.32) times the odds

of experiencing a health impact, compared to those who did not; the association was also
significant (OR= 2.12; 95% CI: 1.39, 3.23) for family’s health.

Discussion

Among PREPARE participants, 41% (SOALS 42% and COSSMA 38%) reported being
highly prepared before Hurricanes Irma and Maria, 33.5% were moderately prepared, and
25.4% reported their preparedness as low. In comparison, 2006 BRFSS data assessing
disasters preparedness from five US states (Arizona, Connecticut, Montana, Nevada, and
Tennessee) showed that 22.2% reported feeling well prepared, 55.3% feeling somewhat
well prepared, and 22.5% reported being not prepared at all.12 PREPARE participants

were older, majority had overweight/obesity, 25% had diabetes, and they were reporting
prior preparedness after exposure to two major hurricanes, compared to BRFSS with a
more representative sample from five US states, reporting general preparedness for different
potential disasters.

Although preparedness was higher than BRFSS, it was still markedly low, considering

that Puerto Rico has a long history of hurricanes. However, a Category 5 Hurricane was
extremely rare in Puerto Rico and people were not prepared for the severe long-term impact
resulting from Irma and Maria. The low rate of preparedness among our participants is likely
due in part to a large percent of participants having gaps in resources. Among participants
with low to moderate availability of resources, almost half had gaps in economic resources,
followed by alternative energy and powered gadgets, and home protection/improvements.
Prior research suggests that families may be more likely to buy one-time purchase supplies,
such as phones and flashlights, compared to supplies like food and water.10

Higher self-reported hurricane preparedness was associated with lower self-reported
hurricane-related impact on health. Since the primary aim of this manuscript was to evaluate
the overall health impact of the hurricanes, we focused on the health impact reported

by participants, which may include injury, infectious disease, development/exacerbation of
NCD, and/or mental health impact. We also observed a similar association between overall
preparedness and development of NCD, corroborating our findings on reported health
impact. SOALS participants self-reported their medically diagnosed NCD for the period
spanning the hurricanes. The associations were similar in COSSMA where we extracted
medical diagnoses from EHR and had the exact dates to distinguish post-hurricane NCDs.
The association was independent of age, location, education, date of interview as well as
pre-hurricane income.

No association was seen between duration of power loss and health impact. Although power
loss may have likely impacted health directly (e.g., for people who needed powered medical
devices) or indirectly, everyone lost power so there was no comparison group without power
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loss. However, our results do suggest an indirect impact of power loss as it affected many
people’s diet due to lack of access to refrigeration and cooking means, and the diet changes
were detrimentally associated with health.

Although food stored in preparation for the hurricane lasted an average of 5.2 weeks, and
45% of participants stored food to last a month or longer, 78% of participants reported
making diet changes for one month or more due to lack of means to refrigerate or cook.
Over one-fourth of the participants made longer-term diet changes due to food accessibility
or financial impact. The associations between duration the stored food lasted, and diet
changes were not significant, suggesting that other aspects, such as alternative cooking
means and receiving help from government or other sources, may have mitigated the

impact. Detrimental dietary changes (resulting from poor food preparedness and access)
could exacerbate chronic conditions, such as hypertension and diabetes3”. Given the gaps in
information reported regarding food security and storage options, more guidance is needed
(e.g., on nutritious food that does not need refrigeration, proper storage methods for different
food items, and managing food in the fridge after power loss). Considering that Puerto Rico
relies considerably on importing food, post-disaster food accessibility may also be highly
contingent on importing adequate food supplies and having the means to preserve perishable
items and cook. People also need access and resources prior to hurricanes, so that affordable
and nutritious shelf-stable food can be stored to last for several weeks or even months after
power loss to reduce food insecurity after disasters.

The findings suggest that COSSMA participants, who had lower levels of socioeconomic
status, were older and more likely to live in rural locations, experienced longer periods

of power loss, and were more likely to experience economic impacts of the hurricanes,
relative to their counterparts in SOALS. Given the rural setting of COSSMA clinics and
most of their patients’ homes in the southeast region of Puerto Rico where the eye of
Hurricane Maria made landfall, COSSMA participants may have likely had a much bigger
impact of the hurricane and been more dependent on the mobilization of community
organizations and government. Our data in fact shows that a higher percent of COSSMA
participants (19%) received three months or more of government help compared to 9% of
SOALS participants. Also, among those who had a disruption in their source drinking water,
COSSMA participants were much more likely to have used government oasis compared to
SOALS participants. These factors may have played a considerable role in mitigating water
and food accessibility problems and thus reducing the health impact of the hurricanes among
COSSMA participants. These results are consistent with research showing post-disaster
hardships among low socioeconomic samples in the aftermath of other major disasters38: 39,
They also align with Conservation of Resources theory40, which suggests that those already
lacking social and economic resources are vulnerable to further resource loss in the event of
external stressors.

A majority of the respondents expressed that their experiences with Hurricanes Irma and
Maria served to highly prepare them for future disasters. However, most participants
reported that post-disaster financial impacts would likely impact their ability to prepare
adequately in the future. Economic resources are a necessity for hurricane preparedness, but
almost half of the participants felt that they did not have sufficient economic resources to be
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highly prepared for future hurricanes. Hurricane Maria and its aftermath caused an estimated
$68 billion in damages.?L: 22 The economy in Puerto Rico was already facing financial
challenges prior to the hurricanes limiting one’s ability to improve self-reported hurricane
preparedness. The population has plummeted over the years due to high unemployment rates
and rising poverty levels as well as the lasting impact of Hurricane Maria. Two years after,
many homes had still not been repaired from damages caused by the hurricanes. Of the

72% of participants who reported having received help from organizations, only 55% were
satisfied with the help received. However, very little assistance is provided for preparedness
prior to hurricanes. Directing more funds to increase information and resources for better
hurricane preparedness would reduce the overall impacts and costs associated to future
disasters. PR, a US territory, had a 43% poverty rate over three-fold the US rate of 13%, and
more than twice that of Mississippi (20%), which had among the highest state poverty rates
in 201841, The low socioeconomic status of people in Puerto Rico may have affected and
may continue to affect the ability to adequately prepare for hurricanes. Socioeconomic status
has also been demonstrated to have an impact in mortality; six month after Hurricane Maria,
people with low socioeconomic status remained at higher risk for excess of mortality*2.

Our study built on existing cohorts which had several advantages. However, this limited
generalizability. Participants were drawn from across Puerto Rico but were not a truly
representative sample of all adults in Puerto Rico, as they included participants in a cohort
study or patients with pre-existing diabetes receiving care at federally qualified health
centers and were limited to 4275 years old high-risk adults with overweight/obesity. Also,
participants who may have had a bigger impact from the hurricanes may have more likely
left Puerto Rico and to be excluded from the study 43. Future studies can assess the level
of hurricane preparedness, gaps in preparedness, and impact on health in larger longitudinal
studies across different age groups.

4.1 Public Health Implications

Our study suggests that, given the low preparedness levels and their associated health
impacts, better preparedness is important in helping to reduce morbidity and mortality

in the aftermath of future disasters. The hurricanes led to widespread water and power

loss and diet changes, which were associated with detrimental health impacts, whereas
better hurricane preparedness was associated with lower health impact. Participants reported
gaps in resources and information that limited their ability to prepare better. Substantial
government, non-profit and personal resources are expended after hurricanes; our results
suggest that prioritizing preparedness would be potentially much more effective and less
expensive.

People living in areas prone to frequent hurricanes need better information and resources to
prepare well for power outages, water loss, and reduced access to food supplies which could
help mitigate the detrimental effects of hurricanes on health. Government response could
also have had an effect on the health of people who were less prepared. A report published
by the Office of Inspector General mentioned that “The Federal Emergency Management
Agency (FEMA) mismanaged the distribution of commodities in response to Hurricanes
Irma and Maria in Puerto Rico. FEMA lost visibility of about 38% of its commodity
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shipments to Puerto Rico, worth an estimated $257 million. Commaodities successfully
delivered to Puerto Rico took an average of 69 days to reach their final destinations.”44 In
September 2018, 20,000 pallets of bottled water were discovered undistributed in Ceiba.45
Moreover, in January 2020 a warehouse with supplies for Hurricane Maria victims was
discovered; items included food, water, cots, and baby formula.46 In addition to individual
preparedness, preparedness of government, healthcare, and social organizations is essential
to preventing and mitigating the health impacts of future disasters47.

The relevance of these findings extends globally, and additional multidisciplinary research
and global efforts are needed. It is important to allocate adequate resources for preparedness
and to disseminate information about proper preparedness at individual, national, and global
levels to help reduce morbidity and mortality after hurricanes. The ongoing COVID-19
pandemic further complicates hurricane preparedness and mitigation, due to the need

to wear masks, maintain physical distance, and isolate cases while sheltering, and the
competing demands on healthcare and other emergency organizations. The lessons learned
from this study are applicable to many locations globally and are even more critical

when natural disasters are compounded by additional public health emergencies like the
COVID-19 pandemic.

3. Conclusion

Improving preparedness is important to reduce the potential detrimental health impact
of hurricanes. Better self-reported preparedness, shorter disruption of water services and
food accessibility were associated with lower health impact. There are important gaps
in information, resources, and practices for hurricane preparedness. Addressing gaps in
information and resources could help to improve individual hurricane preparedness and
thereby reduce hurricane-related health impact.
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Highlights

1. Despite a history of hurricanes, 59% were not well prepared for the
hurricanes.

2. Low preparedness is associated with detrimental health impact of hurricanes.

3. Disruption of drinking water > 3 months was related to detrimental health
impact.

4, Diet changes due to the hurricanes were associated with detrimental health
impact.

5. Several gaps in preparedness, resources and information were identified.
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Impact of hurricanes on health Impact of hurricanes on family's health

mlow mModerate mHigh

PREPARE participants: Impact of hurricanes Irma and Maria on participants’ and family’s
health by pre-hurricane preparedness level
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Table 1.

Baseline characteristics of PREPARE participants: Mean + SD or n (%)

Overall SOALS COSSMA

Sample Size (N) 489 364 125
Mean age + SD 50.8+7.1 58.7+6.8 629+7.1
Female 368 (75.3) 280 (76.9) 88(70.4)
Mixed/unspecified race 241 (49.3) 187 (51.4) 54(43.2)
> High School Diploma Education 298 (60.9) 269 (73.9) 29(23.2)
Household Income < $20,000 281 (57.5) 175(48.1) 106 (84.8)
Preparedness before Maria

Low 124 (25.4) 98 (26.9) 26 (20.8)

Moderate 164 (33.5) 112(30.8) 52 (41.6)

High 201 (41.1) 154 (42.3) 47 (37.6)
Health impact of hurricanes (self)‘Z 170(348) 116(31.9) 54 (43.2)
Health impact of hurricanes (family)l 178(36.4) 129(354)  49(39.2)
Financial impact of the Hurricanes 348 (71.2) 274 (75.3) 74(59.2)
Duration of Power Loss

< 1 month 18 (3.7) 16 (4.5) 2(1.6)

1 -3 months 204 (42.2) 177(49.3) 27 (21.6)

> 3 months 262 (54.1) 166 (46.2) 96 (76.8)
Disruption of the principal source of drinking Waterz

% with disruption 260 (53.2) 181 (49.7) 79 (63.2)
Duration of drinking water disrupti0n3

1 day to < 1 month 119 (47.8) 88(51.2) 31 (40.3)

1 -3 months 92(36.0) 65(37.8) 27 (35.1)

> 3 months 38(15.3)  19(11.1) 19 (24.7)

3

Stored water lasted for

< 1 month 155 (62.5) 110(63.6) 45 (60.0)

1 -3 months 81(32.7) 60(34.7) 21 (28.0)

> 3 months 12 (4.8) 3(1.7) 9 (12.0)
Drinking water disruption compared to how long the stored water lasted

Same 20 (8.3) 15 (8.9) 5(6.9)

Shorter time 93(38.6)  68(40.5) 25 (34.3)
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Overall SOALS COSSMA
Water disruption for longer time 128 (53.1) 85 (50.6) 43 (58.9)
Duration stored food lasted
<1 month 259 (55.0) 220(62.3) 39(33.1)
1 -3 months 188(39.9) 121(34.3) 67 (56.8)
> 3 months 24 (5.1) 12 (3.4) 12 (10.2)
Diet changes due to power Ioss4
<1 month 86 (21.6)  85(23.6) 1(2.7)
1 -3 months 186 (46.7) 172 (47.7) 14(37.8)
> 3 months 126 (31.7) 104 (28.8) 22 (59.5)
Diet changes up to interview date5 138(282) 101(27.8)  37(29.6)
411 (84.1) 316(86.8) 95(76.0)

Experiences of hurricanes Irma and Maria served greatlyﬁto prepare better for future events

Abbreviations: SOALS = San Juan Overweight Adults Longitudinal Study; COSSMA = Corporation of Health Services and Advanced Medicine;

SD = Standard Deviation.

1 . . .

What was the impact of the hurricanes on personal health? On family members’ health?
2. L . -

Did you have a post-Maria disruption of your usual source of drinking water?

3Only reported by those who had a disruption in the principal source of drinking water.

4H0W long did you have to change your eating habits due to a lack of refrigeration or cooking means?

As of today, has the impact of the hurricanes on access to shops or impact on finances resulted in a long-term change in your daily diet?

6High degree or very high degree.
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Gaps in resources and information reported by PREPARE participants and specific responses as coded from

open-ended questions.

Overall SOALS  COSSMA
n (%) n (%) n (%)

Number of responders to availability questions below 488 364 124
Reported availability of information for hurricane preparedness 1

Low (not at all / very small degree / small degree) 25(5.1) 12 (3.3) 13 (10.5)

Moderate (moderate degree) 97 (19.9) 60 (16.5) 37(29.8)

High (very great degree) 366 (75.0) 292(80.2) 74(59.7)
Gaps in information 23
Number who reported low to moderate availability of information and specific gaps in 69 (56.6) 50 (69.4) 19 (38.0)
information
General information about hurricanes 25(36.2) 14 (28.0) 11 (57.9)
Food security and storage options 14 (20.3) 13 (26.0) 1(5.3)
Emergency management4 21 (30.4) 18 (32.0) 3(158)
Water (storage and oasis centers) 8 (11.6) 8 (16.0) 0(0.0)
Alternate energy sources 7(10.1) 6 (12.0) 1(5.3)
Home protection 8 (11.6) 7 (14.0) 1(5.3)
Emergency backpack 4 (5.8) 2 (4.0 2 (10.5)
Alternate communication methods 2(2.9) 1(2.0) 1(5.3)
Other 10 (14.5) 7(14.0) 3(15.8)
None/nothing 5 4 9 28
All 5 1 1 0
I don’t know ° 5 2 3
Reported availability of resources for hurricane preparedness 6

Low (not at all / very small degree / small degree) 98 (20.1) 75 (20.6) 23 (18.6)

Moderate (moderate degree) 135(27.7) 85(23.4) 50 (40.3)

High (very great degree) 255 (52.3) 204 (56.0) 51(41.1)
Gaps in resources 7.8
Number who reported low to moderate availability of resources and specific gaps in resources 189 (81.1) 150(93.8) 39(53.4)
Economic 85(45.0) 73 (48.7) 12 (30.8)
Alternative energy and powered gadgets 63 (33.3) 53 (35.3) 10 (25.6)
Home protection/improvements 41 (21.7) 33(22.0) 8(20.5)
Water storage 32 (16.9) 24 (16.0) 8 (20.5)
Food storage and cooking options 24 (12.7) 22 (14.7) 2(5.1)
Information 12 (6.3) 7(4.7) 5(12.8)
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Overall SOALS  COSSMA
n (%) n (%) n (%)
Medicine/medical care 7@3.7) 5(3.3) 2(5.1)
Other 19(10.1)  13(8.7) 6 (15.4)
None/nothing 5 4 9 %
5 3 1 2

I don’t know

Abbreviations: SOALS = San Juan Overweight Adults Longitudinal Study; COSSMA = Corporation of Health Services and Advanced Medicine.
1 . . .

“Do you feel you have the necessary information to prepare adequately for hurricane preparedness?”
2 L . .

“What are the gaps in information that you have yet to learn about?” (Multiple responses were allowed)

3The open-ended question (Q13 in the appendix) was asked only to people who responded not at all, to a very small degree, small degree or
moderate degree to the question (Q12 in the appendix) do you feel you have the necessary information to prepare adequately for hurricanes?

4 . .
Emergency management includes management after the hurricane has struck. For example, emergency plans, safest areas/places, refuge centers,
government services, and community post-disaster relief support.)

5Not included in the denominator for the specific gaps.
6, .

“Do you feel you have the resources you need for adequate hurricane preparedness?”
7, . .

"What are the gaps in resources that you need?” (Multiple responses were allowed)

8The open-ended question (Q15 in the appendix) was asked only to people who responded not at all, to a very small degree, small degree or
moderate degree to the question (Q14 in the appendix) do you feel you have the necessary information to prepare adequately for hurricanes?
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Table 3.

Multivariate logistic regression evaluating associations between preparedness and related factors, and self-
reported hurricane related health impact among PREPARE participants

ORcrude 95% CI OR adjusted* 95% CI

Preparedness
High Reference  1.00 - 1.00 -
Low or moderate Pooled 1.98 1.34,2.95 1.96 1.31,2.95

Drinking water loss

None to < 3 months Reference  1.00 - 1.00 -

> 3 months Pooled 2.74 1.40,5.38 2.76 1.39, 5.47
Power loss

3 months or less Reference  1.00 - 1.00 -

> 3 months Pooled 1.22 0.84,1.78 1.17 0.79,1.74

Drinking water and power loss
3 months or less Reference  1.00 - 1.00 -
> 3 months Pooled 2.74 1.34,562 282 1.36,5.87

Long term diet changes due to access to shops or financial impact
No Reference  1.00 - 1.00 -
Yes Pooled 2,94 1.96,442 283 1.85,4.32

Diet changes due to lack of refrigeration or cooking means
3 months or less Reference  1.00 - 1.00 -

> 3 months Pooled 2.21 143,342 1.96 1.24,3.07

Duration of drinking water loss vs how long stored water lasted
Same or stored water lasted for longer than what they lost Reference  1.00 - 1.00 -

Loss of water longer than stored water lasted Pooled 1.35 0.81,2.26 1.43 0.84,2.44

Abbreviations: SOALS = San Juan Overweight Adults Longitudinal Study; COSSMA = Corporation of Health Services and Advanced Medicine;
OR crude = odds ratio crude, OR adj.=adjusted odds ratio, 95% CI = confidence interval at 95%. Odds Ratio adjusted model controlled for age
(<60 years old/ >60 years old), cohort (SOALS/COSSMA), location in SOALS, education (high school diploma or less/ more than high school
diploma) and date of interview (before the events/ after the earthquakes/ after COVID-19).
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