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Abstract

Objective: This study evaluated the relationships between the occurrence of recent and recur-
ring natural disasters on the incidence of acute and chronic health outcomes at the census tract
level in 500 cities across the United States between 2001 and 2015.
Methods: Using the Centers for Disease Control and Prevention (CDC) 500 cities data set, the
CDC Social Vulnerability Index, and the US Small Business Administration (SBA) Disaster
Loan Database, we modeled the incidence of self-reported, poor mental and physical health,
or a clinical diagnosis of high blood pressure or asthma in census tracts (N= 27 204 tracts
in 500 cities) that had experienced recent or recurring natural disasters while controlling for
social and environmental risk factors.
Results: Communities that experienced a natural disaster in the previous 5 years compared to
those that had not had a higher incidence of poor mental health (RR: 1.02, 95% CI: 1.01-1.02),
poor physical health (RR: 1.03, 95% CI: 1.02-1.04), high blood pressure (RR: 1.04, 95% CI: 1.02-
1.05), and asthma (RR: 1.01, 95% CI: 1.01-1.02). The incidence of these poor health outcomes
increased 1-2% with each additional year that a community experienced a disaster.
Conclusions: Prevention and preparedness plans that work to build resilience in communities
before disasters should focus on closing the gap in environmental and social determinants that
have been linked with disproportionate health burdens and slow recovery post-disaster.

Introduction

Global climate change projections show an increasing probability and severity of many different
kinds of natural disasters heading into the end of the century.1 In the United States, hurricanes,
heat waves and droughts, tornadoes, and flooding caused nearly US $550 billion dollars in dam-
age between 2004 and 2013.2,3 These disasters pose immediate threats to the health and safety of
communities,4 while, at the same time, overwhelm public health response capacity.5 At a com-
munity scale, disaster preparedness and mitigation measures are often predicated on residents’
prior experience with disasters, social capital, financial reserves, and health care/disaster
response capacity.6 When these variables are limited, the community’s initial and long-term
recovery capacity is substantially impaired.7,8

Among individuals, those with preexisting physical and mental health issues and/or with
fewer socioeconomic resources experience higher morbidity and mortality during and post-
disasters.9-12 For example, those who have trouble thermoregulating, such as infants, elderly,
and people with chronic diseases, suffer more acutely during unexpected heat waves or when
external support systems, such as electricity and air conditioning, fail.10 Further, families with-
out substantial socioeconomic resources may be unable to relocate quickly and suffer from the
disruption of the disaster for longer periods of time, for example, through traumatic experiences
that impact long-term mental health.8

Although these and other studies have explored the impact of a single natural disaster on physi-
cal and mental health, there is relatively little research on the health impacts of recurring natural
disasters.13 Research suggests that those who are at risk, in terms of health and socioeconomic
status, will be less likely to rebound between disasters due to the inability to replenish economic
and social capital following each incident,8,13 leading to decreased resilience with each disaster. In
the long-term, community and individual recovery involves not only rebuilding infrastructure, but
also restoring social and economic activities, addressing chronic and delayed physical and mental
health impacts, and often substantial changes in the demographics of a region.14

Vulnerability to natural disasters is determined by the interplay of social, economic, political,
and environmental factors. These risk factors are generally grouped into three elements: expo-
sure, sensitivity, and adaptive capacity.2 Exposure to a natural disaster is often determined by
geographic location and the built environment. For example, people living in coastal areas are
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more likely to experience storm surge or hurricanes. Sensitivity, or
the degree to which an individual or a community is affected (eg,
physically, psychologically, or behaviorally) by a natural disaster, is
to a large degree, a result of demographics, underlying medical
conditions, and other social determinants of health such as income
and occupation.8,15 Finally, adaptive capacity or resilience is the
ability of an individual or community to adjust to and rebound
from a natural disaster. For example, people with fewer financial
resources may have a more difficult time evacuating or rebuilding
after a storm, and individuals with limited English-proficiency or
fewer social networks may also be less likely to receive public health
information during a disaster.

When creating community preparedness plans, it is essential to
consider not only exposure, but also the underlying social and eco-
nomic disparities within a community.16 Knowledge about differ-
ential vulnerability within a jurisdiction allows policy-makers to
create informed development and evaluation strategies to lessen
the health risks of disasters.15 A spatially explicit database with
key risk factors associated with disproportionate health and/or
economic impacts from natural disasters can support commu-
nity-based planning. During and after a disaster, these same
indicators can be useful for allocating limited resources across a
community.

Previous studies have attempted to create indices of social vul-
nerability for disaster planning.17,18While these social vulnerability
indices (SVIs) have been used to show variation in the underlying
sensitivity and adaptive capacity of communities to natural disas-
ters, neither has been combined with natural disaster exposure to
assess the impact of disaster occurrence on population-level health
outcomes. Here, we evaluate the relationships between the occur-
rence of recent and recurring natural disasters on the incidence of
acute and chronic health outcomes at the census tract level across
the United States. This assessment can support future disaster pre-
paredness and response efforts by highlighting characteristics of
communities most impacted by natural disasters.

Methods

Health outcome data were from the 2017, 500 Cities data set from
the Centers for Disease Control and Prevention (CDC).19 The data
set provides indicators of chronic disease, unhealthy behaviors,
and preventive care at the census-tract level. Census tracts are offi-
cial subdivisions of geographic areas for which the US Census
Bureau publishes data. Each census tract has a unique numeric
code and has about 4000 inhabitants on average, with a range of
1200–8000 individuals. The 500 cities data are available for the
500 largest cities across the United States, with at least one city
in every state, based on the 2010 census population. The most pop-
ulous cities in Vermont, West Virginia, and Wyoming were also
included in the data set to ensure that all states were represented.
Approximately 1/3 of US residents lived in 1 of these 500 cities in
2010, and the city populations ranged from 42 417 (Burlington,
Vermont) to 8 175 133 (New York City).

The four health outcomes used here were census-tract preva-
lence measures of poor mental health, poor physical health, high
blood pressure, and asthma. Poor mental and physical health were
self-reported. Respondents were coded as having poor mental or
physical health if they reported that out of the past 30 days, they
felt that their mental/physical health was not good for ≥ 14 days.
The prevalence of high blood pressure wasmeasured by asking sur-
vey respondents whether they had been told by a doctor, nurse, or
other health professional that they have had high blood pressure at

any time previous to the survey. Those who self-reported the diag-
nosis of high blood pressure during pregnancy or as borderline
hypertension were not included. The self-reported diagnosis of
high blood pressure was considered in analyses because psychoso-
cial stress, such as that experienced during and after natural disas-
ters,20 has been shown to be associated with increased risk of
hypertension.21 Asthma prevalence was similarly measured, with
those answering affirmatively to both questions, “Have you ever
been told by a doctor, nurse, or other health professional that
you have asthma?” and “Do you still have asthma?” included in
the count. Severe stress has been linked to increased incidence
and morbidity of asthma.22,23 Wildfire smoke, one type of natural
disaster included in these analyses, has also been associated with
increased respiratory morbidity, including asthma.24 For these rea-
sons, we included asthma as a potential outcome for the physical
effects of natural disasters in this study.

Data from the US Small Business Administration (SBA)
Disaster Loan Database were used to estimate exposure to natural
disasters between 2001 and 2015. The SBA provides low-interest
disaster loans to homeowners and renters, private non-profit
organizations, and businesses of all sizes. The long-term loans
are for both physical and economic damage due to a wide variety
of disasters (eg, hurricanes, floods, earthquakes, wildfires, and tor-
nadoes), but only for federally designated disasters. We extracted
total annual residential losses from physical disasters between 2001
and 2015 and aggregated this into total losses by ZIP Code. We
used the US Housing and Urban Development Office of Policy
Development and Research’s USPS ZIP Code Crosswalk file to
match the SBA data at the ZIP Code level to US census tracts.25

ZIP (Zone Improvement Plan) Codes are postal codes primarily
used for mail delivery that represent regions generally larger than
census tracts. We derived two census tract-level exposure variables
from the SBA data set: (1) occurrence of a recently declared natural
disaster and (2) occurrence of recurring natural disasters. Census
tracts were considered to have experienced a “recent natural dis-
aster” if any SBA funding was disbursed to the tract between
2010 and 2015. The occurrence of recurring natural disasters
was measured using a continuous count of the number of years
between 2001 and 2015 that any SBA funding was disbursed to
a census tract.

The CDC Social Vulnerability Index (SVI) data set (2014) was
used to measure social and demographic variables for each census
tract in our models. The SVI is derived from 15 variables at the
census tract level and includes socioeconomic and demographic
factors such as percent individuals below the poverty level, percent
employed, educational attainment, ethnicity, primary language
spoken, housing crowding, and transportation availability. The
SVI variables are combined into a composite score by ranking
the census tracts by each variable, assigning percentile ranks, sum-
ming the percentile ranks within four thematic domains, and then
summing the domain percentile rankings.18 We created a categori-
cal SVI variable by taking the overall tract SVI ranking for each
census tract relative to all other census tracts in the United
States and designating the lowest tertile as “low SVI,” the middle
tertile as “medium SVI,” and the highest tertile as “high SVI.”

Statistical Analysis

Health outcomes were log transformed to normalize distributions.
All census tracts within each of the 500 cities in the data set were
included in our analysis. To account for the hierarchical data,
multilevel random intercept models were used to test the

1014 Micah B Hahn et al.

https://doi.org/10.1017/dmp.2020.476 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2020.476


associations between exposure to natural disasters and poor health
outcomes at the census tract level. The city in which a census tract
is located was specified as a random effect, and we used variance
components for the covariance structure.

Using the four health outcomes described in detail above
(reported poor mental health, reported poor physical health,
self-reported diagnosis of high blood pressure, and self-reported
diagnosis of asthma), we ran three sets of models. The first
group of models explored the association between social vulner-
ability (as measured by the SVI) and the incidence of each of the
health outcomes. The second and third groups of models
assessed the association between a recent natural disaster or
recurring natural disasters with each of the health outcomes,
while controlling for social vulnerability and including an inter-
action term between the relevant disaster variable and SVI.
Coefficients are presented as risk ratios (RR) with 95% confi-
dence intervals (95% CI). Statistical relationships with
P < 0.05 were considered statistically significant. All statistical
analyses were performed using SAS, version 9.3 (SAS
Institute Inc., Cary, NC).

Results

Data from 27,204 census tracts from 500 cities in the CDC 500
cities data set were included in the analysis. Almost half of the
tracts were classified as “high vulnerability” in the CDC SVI data-
set, and the other half was approximately evenly split between low
and medium vulnerability classifications (Table 1).

Sociodemographic Characteristics and Health Status
of Communities

Measures of socioeconomic status at the census tract level tracked
with SVI categories, such that the percentage of individuals living
below the poverty line increased from low to high SVI (7.8% and
30.8%, respectively), with an intermediate level among medium
SVI tracts (15.7%) (see Table 1). Unemployment and percent of
adults with no high school diploma followed similar patterns, with
the highest levels at 15.4% and 27.1% in high SVI tracts, respec-
tively. Per capita income decreased from low to high SVI tracts,
with the highest average per capita income at US $44,714 per year,
and the lowest at US $17,030.

High SVI tracts had lower percentage of individuals whowere at
least 65 years old and a higher percentage of individuals who were
younger than 18 years (10.9% and 26.3%, respectively), compared
to the low and medium SVI tracts (low SVI tracts: 13.3% and
20.1%; medium SVI tracts: 12.8% and 20.2%). There were also
more individuals age five years and above living with a disability
(14.5%), and a higher number of single parent households
(16.9%) in high SVI tracts. High SVI tracts also had a much higher
percentage of minority residents (75.3%) compared to medium
SVI (46.0%) and low SVI (27.7%) tracts. English language fluency
followed the opposite pattern, with the highest number of individ-
uals who speak English “less than well” in the highest SVI
tracts (11.5%).

Housing characteristics generally varied across SVI levels as
well. While the percentage of mobile homes remained consistent
across SVI levels (˜2.5%), the percentage of multi-unit structures
was highest in high SVI tracts (21.5%). Household crowding
and lack of access to a vehicle were also more common in high
SVI tracts compared to low SVI tracts (9.0% and 22.4% vs 1.2%
and 6.5%, respectively).

Distribution of Natural Disasters

A small portion of the United States sustained most of the damage
from natural disasters between 2000 and 2015 (Figure 1). The dis-
tribution of cumulative federal disaster relief funds over this period
shows that communities along the Gulf ofMexico, Florida, the East
Coast, Southeast, Southern Plains region, and the coast of
California experienced a disproportionate impact relative to other
places in the United States. Over 90 percent of the disaster funding
went to census tracts where approximately 13 percent of the US
population resides. Just 12 ZIP Codes in New Orleans, with less
than 1 percent of the US population, accounted for 1/5 of all dis-
aster funds distributed between 2000 and 2015.

Within the census tracts in the 500 cities included in this analysis,
there was a similar disparity in the distribution of disaster funding.
Over US $195 billion in disaster funding was distributed among
these tracts between 2000 and 2015, but almost half of the census
tracts received less than US $150,000 (n= 12,415; 46%). Almost
50 percent of the disaster funding was distributed among 127 tracts
in Louisiana (New Orleans= 107 tracts, Kenner= 12 tracts, and
Gulfport= 8 tracts). Among the 500 cities, disaster fundingwas con-
centrated in 53 cities in 14 states. In particular, over 20 percent of the
New York (n= 208; 22%) and Louisiana (n= 211; 23%) census
tracts in the data set, and approximately 15 percent of the
California (n= 133; 14%) and Texas (n= 145; 16%) tracts in the
data set received disaster funding during this period.

There were also disparities among census tracts within a city. For
example, the mean total amount of disaster funding received among
the 2117NewYorkCity census tracts in the data set between 2000 and
2015 was over US $9 million, but that ranged from US $0 to over
US $280 million, with less than 13 percent (n= 275) of census tracts
receiving more than US $5 million each. Among the 552 Houston
tracts in the data set, the mean disaster funding was over
US $16 million, ranging from approximately US $220,000 to
US $130 million per census tract over the 15-year period.

The number of years that a census tract received any disaster
funding (> US $0) was used here to measure “recurring natural
disasters” in a community. Most census tracts received disaster
funding in less than four years during the 2000–2015 period,
but more than 8% (n= 2189) of the census tracts received disaster
funding in 5 or more years. Ten census tracts, five in New Orleans
and five in Oklahoma City, received funding in 9 or 10 years out of
15. The vast majority of census tracts in the 500 cities in our analy-
sis (n= 22,172; 82%) received some SBA disaster funding between
2000 and 2015. Almost half of the census tracts (n= 12,042; 44%)
received disaster funding between 2010 and 2015 and therefore
were considered to have experienced a “recent natural disaster”
for this analysis.

Impact of Social Vulnerability on Health Outcomes

For all self-evaluated and self-reported diagnoses of measures of
health, census tracts with higher SVI had worse health outcomes
(Table 2). Compared to low SVI census tracts, the incidence of
poor reported mental health increased by 19% in medium SVI
tracts (RR: 1.19, 95% CI: 1.19-1.21) and by 51% in high SVI tracts
(RR: 1.51, 95% CI: 1.51-1.52). Similarly, poor reported physical
health increased by 22% in medium SVI tracts (RR: 1.22, 95%
CI: 1.22-1.23) and 69% in high SVI tracts (RR: 1.69, 95% CI:
1.68-1.70), compared to low SVI tracts. This pattern held for high
blood pressure and asthma, but the relationship was attenuated.
The incidence of people who reported having been diagnosed with
high blood pressure increased 9% in medium SVI tracts (RR: 1.09,
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Table 1. Summary of sociodemographics of census tracts in low, medium, and high Social Vulnerability Index (SVI) categories

Variable

Low SVI Tracts (N= 7391) Medium SVI Tracts (N= 7375) High SVI Tracts (N= 12 437)

Mean þ/- SD Range Mean þ/- SD Range Mean þ/- SD Range

Socioeconomic Status

Persons below poverty estimate, % 7.8 (7.5) 0-100 15.7 (10.9) 0-100 30.8 (12.9) 0-100

Persons (16þ) unemployed, % 5.9 (3.4) 0-100 9.2 (4.6) 0-100 15.4 (7.5) 0-78.3

Per capita income $44 714
($19 682)

$200 -
$247 852

$29 219
($10 616)

$1310 -
$141 093

$17 030
($5608)

$2397 -
$67 073

No high school diploma, % 4.7 (4.1) 0-69.7 11.4 (6.4) 0-59.7 27.1 (12.3) 0-78.8

Household Composition & Disability

Age 65 or older, % 13.3 (8.3) 0-100 12.8 (7.1) 0-82.9 10.9 (5.6) 0-77.7

Age 17 or younger, % 20.1 (7.7) 0-53.0 20.2 (7.1) 0-58.3 26.3 (7.0) 0-62.4

Older than 5 with a disability, % 8.4 (3.9) 0-100 11.4 (5.1) 0-100 14.5 (6.0) 0-82.2

Single-parent household, % 5.6 (3.9) 0-100 8.8 (5.1) 0-100 16.9 (7.9) 0-82.3

Minority Status & Language

Persons who are a minority, % 27.7 (17.8) 0-100 46.0 (23.7) 0-100 75.3 (22.5) 4.2-100

Persons (5þ) who speak English “less than well,” % 1.8 (2.2) 0-33.0 4.8 (5.2) 0-42.3 11.5 (10.9) 0-65.8

Housing & Transportation

Housing in structures with 10 or more units (multiunit structures), % 15.6 (22.5) 0-100 20.6 (23.6) 0-100 21.5 (23.0) 0-100

Mobile homes, % 2.5 (5.7) 0.1-100 2.5 (2.7) 0.1-89.4 2.7 (2.1) 0.1-71.2

Households with more people than rooms (crowding), % 1.2 (1.8) 0-50.0 3.5 (3.9) 0-100 9.0 (8.6) 0-70.9

Households without access to a vehicle, % 6.5 (12.2) 0-97.1 11.8 (14.2) 0-90.6 22.4 (18.4) 0-97.7

Persons in institutionalized group quarters, % 2.5 (11.8) 0-100 3.3 (11.3) 0-100 2.7 (7.7) 0-100
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95% CI: 1.08-1.10) and 28% in high SVI tracts (RR: 1.28, 95% CI:
1.27-1.29) compared to areas with low SVI. The incidence of peo-
ple who reported having been diagnosed with asthma increased 8%
in medium SVI tracts (RR: 1.08, 95% CI: 1.08-1.08) and 22% in
high SVI tracts (RR: 1.22, 95% CI: 1.22-1.22) with the same refer-
ence group.

Impact of Recent and Recurring Natural Disasters on Health
Outcomes

The occurrence of a recent natural disaster was associated with
increased risk of self-reported poor mental and physical health
and self-reported diagnosis of high blood pressure or asthma, after
controlling for the SVI in the census tract (Table 3). Communities
that experienced a natural disaster in the previous five years com-
pared to those that had not experienced a recent natural disaster,
had a higher incidence of poor mental health (RR: 1.02, 95% CI:
1.01-1.02), poor physical health (RR: 1.03, 95% CI: 1.02-1.04), high
blood pressure (RR: 1.04, 95%CI: 1.02-1.05), and asthma (RR: 1.01,
95% CI: 1.01-1.02). The association between exposure to a recent
natural disaster and the risk of being diagnosed with high blood
pressure was magnified for people living in medium and high
SVI census tracts.

We found similar results when comparing communities that
had experienced recurring natural disasters between 2001 and
2015 (Table 4). The incidence of all health outcomes increased with
each additional year that a community experienced a disaster, after

controlling for SVI. For example, we found that in a community
with a medium or high SVI, the incidence of reported poor mental
health was 19% or 51% higher (medium SVI RR: 1.19, 95% CI:
1.18-1.20; high SVI RR: 1.51, 95% CI: 1.50-1.52), respectively, than
in communities with a low SVI, without accounting for the addi-
tional impact of natural disasters (see Tables 2 and 4). For each
additional year that a community experienced a natural disaster,
the incidence of reported poor mental health increased an addi-
tional 1% (RR: 1.01, 95% CI: 1.00-1.01). In the most extreme case,
the risk of reporting poor mental health was 66% higher in a high
SVI community that experienced a disaster every year between
2001 and 2015, compared to a low SVI community that did not
experience a single disaster over the same period.

The risk of reported poor physical health or receiving a high
blood pressure or asthma diagnosis was magnified in communities
that experienced recurring natural disasters and were ranked as hav-
ing medium or high social vulnerability, compared to low vulner-
ability tracts. In high SVI tracts that experienced a disaster every
year between 2001 and 2015, the risk of being diagnosed with high
blood pressure was 56% higher compared to low SVI tracts that did
not experience a natural disaster. We found similar trends for self-
reported poor physical health and asthma diagnosis. In summary, at
the census tract level, recurring natural disasters were associated
with an increased risk of poor health outcomes to the same or to
a higher extent as measures of socioeconomic status, and these asso-
ciations were magnified in communities with higher measures of
social vulnerability.

Figure 1. Total amount of Small Business Administration (SBA) disaster funding received in a census tract between 2000-2015 with the cities in the 500 cities data set overlaid.
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Table 2. Effect of social vulnerability on the incidence of reported poor mental and physical health, high blood pressure, and asthma at the US census tract level

Poor Mental Health Poor Physical Health High Blood Pressure Asthma

Variable RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value

CDC Social Vulnerability Index (SVI)

Low (< 33rd percentile) ref. ref. ref. ref. ref. ref. ref. ref. ref. ref. ref. ref.

Medium (33rd to < 66th percentile) 1.19 (1.19, 1.21) <0.0001** 1.22 (1.22, 1.23) <0.0001** 1.09 (1.08, 1.10) <0.0001** 1.08 (1.08, 1.08) <0.0001**
High (66th to 100th percentile) 1.51 (1.51, 1.52) <0.0001** 1.69 (1.68, 1.70) <0.0001** 1.28 (1.27, 1.29) <0.0001** 1.22 (1.22, 1.22) <0.0001**

**P< 0.01

Table 3. Effect of a recent natural disaster on the incidence of reported poormental and physical health, high blood pressure, and asthma across communities with varying levels of social vulnerability at the US census tract
level

Poor Mental Health Poor Physical Health High Blood Pressure Asthma

Variable RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value

CDC Social Vulnerability Index (SVI)

Low (< 33rd percentile) ref. ref. ref. ref. ref. ref. ref. ref. ref. ref. ref. ref.

Medium (33rd to< 66th percentile) 1.19 (1.19, 1.2) <0.0001** 1.22 (1.21, 1.23) <0.0001** 1.08 (1.07, 1.09) <0.0001** 1.08 (1.08, 1.09) <0.0001**

High (66th to 100th percentile) 1.51 (1.50, 1.52) <0.0001** 1.68 1.67, 1.70) <0.0001** 1.27 (1.26, 1.28) <0.0001** 1.22 (1.21, 1.22) <0.0001**

Recent natural disaster 1.02 (1.01, 1.02) <0.0001** 1.03 (1.02, 1.04) <0.0001** 1.04 (1.02, 1.05) <0.0001** 1.01 (1.01, 1.02) <0.0001**

Interaction

Recent natural disaster* Medium SVI 0.99 (0.98, 1.00) 0.12 1.01 (0.99, 1.02) 0.37 1.02 (1.00, 1.03) 0.03* 1.00 (0.99, 1.00) 0.41

Recent natural disaster* High SVI 1.00 (0.99, 1.00) 0.39 1.00 (0.99, 1.01) 0.55 1.01 (1.00, 1.03) 0.02* 1.00 (1.00, 1.01) 0.23

**P< 0.01, *P< 0.05.
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Discussion

Our study indicated that both recent and recurring natural disas-
ters were associated with poorer perceptions of personal mental
and physical health, as well as clinical measures of physical health.
The incidence of these poor health outcomes was significantly
higher in low-resource communities. In communities that experi-
enced recurring natural disasters, the risk of reported poor physical
health and self-reported diagnosis of measures of physical health
(high blood pressure and asthma) was significantly worse in com-
munities that lack financial, educational, and social resources to
cope with the impacts of natural disasters, compared to commun-
ities in the lowest social vulnerability category that had the most
resources. In summary, this study across 500 US cities demon-
strates that there is a compounding effect of natural disasters
and socioeconomic measures on health, such that communities
with low socioeconomicmeasures that experience natural disasters
exhibit the poorest mental and physical health outcomes.

Much of the disaster literature focuses on a single major event.
These studies have noted disparities across race, gender, and income
with regard to mental health outcomes, including posttraumatic
stress disorder (PTSD) and depression, and the ability to recover
emotionally and financially after a disaster.14,26-28 Hurricane
Katrina was one of the worst natural disasters in US history in terms
of social impact and economic damage, and post-disaster research
has highlighted the inequitable and disproportionate impact that
the storm had on low-income African American women and
communities in New Orleans.26,29-31 After Hurricane Harvey,
low-income communities in Texas experienced disproportionate
environmental exposures to chemical contaminants.32 In this con-
text, an increase in property-related damages and perception of
exposure to environmental contaminants were associated with
probable anxiety.33 An assessment of patients in Alabama after a
severe tornado found that those who lived in a mobile home were
more likely to suffer injuries, and a history of psychiatric disorders
was associated with PTSD symptoms eight months after the disas-
ter.34 These case studies demonstrate that social and economic char-
acteristics of individuals and communities often determine how
severely a single natural disaster can affect both acute and long-term
health. Individuals and communities with lower socioeconomic sta-
tus (SES) are likely living at the maximum capacity of their means,
without a reserve of financial, physical, or social capital to use when
disaster strikes. These familiesmay also have internal competing cri-
ses that impair their health and financial status tangentially to a
natural disaster. Although we cannot compare the relative impact
of the occurrence of a natural disaster and social vulnerability
directly in this analysis, it is clear that underlying socioeconomic
resources are an important predictor of the ability to cope with a
disaster and risk of acute and chronic health burdens post-disaster.

Building on this work, our study demonstrates that the intersec-
tion of social determinants and natural disasters is not place-spe-
cific. While post-disaster epidemiologic studies have shown these
associations in specific contexts, here we show that this pattern
exists across geographic areas and types of natural disasters.
Using nationally representative, publicly available data sets, we
demonstrated themagnifying effect that recurring natural disasters
can have on existing health disparities in communities. Given the
unpredictability, recurrence, and widespread nature of natural
disasters, this long-term retrospective study across 500 US cities
provides a new approach for understanding the underlying role
of social factors in predicting health outcomes post-disaster. In
particular, both the 500 cities and SVI data sets represent someTa
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of the highest resolution and largest health and social determinants
data sets available for the United States. Combining these data sets
with a disaster insurance database allowed us to test associations
among wealth, health, and natural disasters at a much broader geo-
graphic scale than has previously been possible. Others have used
the 500 cities data set to examine place-based effects on obesity35

and clusters of chronic kidney disease.36 By integrating these high-
resolution health and social-determinant data sets with ancillary
data such as census information or environmental exposure data
monitored nationally, future studies can assess epidemiologic asso-
ciations in a large population to support other place-specific
assessments.

Limitations

There are several limitations to consider when interpreting these
results. First, this study only included census tracts within the cities
included in the 500 cities data set. These are predominantly densely
populated urban communities in the United States, which may
have limited generalizability to rural areas. Rural communities
may experience additional stress and other negative health impacts
post-disaster due to lack of access to emergency services, a high
proportion of elderly, socially isolated adults, and a higher reliance
on natural resources.37-39

The health outcomes we used were based on self-assessment
and the self-report of clinical diagnoses, and likely provide limited
representation of the broad array of mental and physical health
outcomes occurring in the populations included in the study.
While a validated screening scale for mental health and medical
chart review for blood pressure and asthma diagnosis would be
preferable for defining health outcomes, this approach would have
sacrificed sample size and comparability across census tracts.
Furthermore, the Behavioral Risk Factor Surveillance System
(BRFSS) methods used to collect the data used in this study are
well-established and provide a consistent, nationally representative
sample that can be used for longitudinal analysis.

The SBA data set on disaster losses is a coarse proxy for expo-
sure to a disaster. We considered using the actual monetary value
of losses as the exposure variable but decided against it due to pos-
sible confounding due to community affluence or high-density
development. The use of a binary indicator for experiencing a natu-
ral disaster if any residential SBA funding was received in a census
tract is a sensitive measure of disaster exposure. It is possible we
included census tracts with relatively minor disasters in the
“exposed” category. If this is the case, we expect that the potential
lack of severe natural disasters in these census tracts would attenu-
ate the statistical associations presented here.

Conclusions

In an era of increasing frequency and magnitude of natural disas-
ters, it is imperative that we have a firm understanding of the health
impacts of disasters, as well as the underlying social and environ-
mental risk factors that have the potential to contribute to the
severity of these health burdens. Prevention and preparedness
plans that work to build resilience in communities before disasters
should focus on closing the gap in environmental and social deter-
minants that have been linked with disproportionate health bur-
dens and slow recovery post-disaster.16 Additionally, the
development of mitigation plans to reduce preventable morbidity
and mortality should include evaluation of risk, for example, by
examining socioeconomic characteristics of census tracts in a

jurisdiction. Prior to disasters occurring, targeted community edu-
cation and needs assessment efforts should be organized to support
families to prepare within their SES capacity (eg, disaster fund sav-
ings programs with incentives, registration of families that may
need medical and logistical support in the event of an emergency,
and planning guides that encourage individuals to outline their
emergency contacts and identify service needs). Response plans
should include timely and targeted psychological care services that
could potentially help prevent or alleviate long-term mental and
physical health impacts of a disaster. As more frequent natural
disasters become our new reality, data-informed disaster prepared-
ness and response will be essential to protect public health.

Acknowledgments. We would like to express sincere gratitude to Thomas
Folan, Kori Blakely, and Euan-Angus MacLeod for their contributions to the
early stages of this project.

Author Contributions.MH was responsible for conceptualization, methodol-
ogy, formal analysis, writing the original draft, visualization, supervision,
project administration, and funding acquisition. RVWwas responsible for con-
ceptualization, methodology, reviewing and editing the manuscript, and fund-
ing acquisition. LLwas responsible for reviewing and editing themanuscript. RF
was responsible for reviewing and editing the manuscript.

Funding Statement. This work was supported by the Centers for Disease
Control and Prevention Foundation, the Urban Institute, and the Robert
Wood Johnson Foundation 500 Cities Program (Grant #74563).

Conflict(s) of Interest. The authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publication of this paper.

References

1. Reidmiller DR, Avery CW, Easterling DR, eds.; USGCRP. Impacts, risks,
and adaptation in the United States: Fourth National Climate Assessment,
Volume II. Washington, DC: U.S. Global Change Research Program; 2018.

2. Bell JE, Herring SC, Jantarasami L, et al. Ch. 4: Impacts of extreme events
on human health. In: The Impacts of Climate Change on Human Health in
the United States: A Scientific Assessment. Washington, DC: U.S. Global
Change Research Program; 2016.

3. Smith AB, Katz RW. US billion-dollar weather and climate disasters: data
sources, trends, accuracy and biases.NatHazards. 2013;67(2):387–410. doi:
10.1007/s11069-013-0566-5.

4. Patz JA, Grabow ML, Limaye VS. When it rains, it pours: future climate
extremes and health. Ann Glob Health. 2014;80(4):332–344. doi: 10.1016/j.
aogh.2014.09.007.

5. Keim ME. Building human resilience: the role of public health prepared-
ness and response as an adaptation to climate change. Am J Prev Med.
2008;35(5):508–516. doi: 10.1016/j.amepre.2008.08.022.

6. Bihari M, Ryan R. Influence of social capital on community preparedness
for wildfires. Landsc Urban Plan. 2012;106(3):253–261.

7. Mallick B, Rahaman KR, Vogt J. Social vulnerability analysis for sustain-
able disaster mitigation planning in coastal Bangladesh. Disaster Prev
Manag Int J. 2011;20(3):220–237.

8. Lindsay JR. The determinants of disaster vulnerability: achieving sustain-
able mitigation through population health. Nat Hazards. 2003;28(2-3):
291–304.

9. Alderman K, Turner LR, Tong S. Floods and human health: a systematic
review. Environ Int. 2012;47:37–47. doi: 10.1016/j.envint.2012.06.003.

10. Basu R, Ostro BD.Amulticounty analysis identifying the populations vul-
nerable to mortality associated with high ambient temperature in
California.Am J Epidemiol. 2008;168(6):632–637. doi: 10.1093/aje/kwn170.

11. Jesdale BM, Morello-Frosch R, Cushing L. The racial/ethnic distribution
of heat risk-related land cover in relation to residential segregation. Environ
Health Perspect. 2013;121(7):811–817. doi: 10.1289/ehp.1205919.

1020 Micah B Hahn et al.

https://doi.org/10.1017/dmp.2020.476 Published online by Cambridge University Press

https://doi.org/10.1007/s11069-013-0566-5
https://doi.org/10.1016/j.aogh.2014.09.007
https://doi.org/10.1016/j.aogh.2014.09.007
https://doi.org/10.1016/j.amepre.2008.08.022
https://doi.org/10.1016/j.envint.2012.06.003
https://doi.org/10.1093/aje/kwn170
https://doi.org/10.1289/ehp.1205919
https://doi.org/10.1017/dmp.2020.476


12. 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. doi: 10.1016/j.ecolecon.2006.06.013.

13. Greenough G, McGeehin M, Bernard SM, et al. The potential impacts of
climate variability and change on health impacts of extreme weather events
in the United States. Environ Health Perspect. 2001;109(Suppl 2):191–198.
doi: 10.1289/ehp.109-1240666.

14. Cutter SL, Emrich CT, Mitchell JT, et al. The long road home: race, class,
and recovery from Hurricane Katrina. Environment. 2006;48(2):8–20. doi:
10.3200/ENVT.48.2.8-20.

15. Miller DS, Rivera JD. Community disaster recovery and resiliency: explor-
ing global opportunities and challenges. Boca Raton, FL: CRC Press; 2010.

16. Nomura S, Parsons AJQ, Hirabayashi M, et al. Social determinants of
mid- to long-term disaster impacts on health: a systematic review. Int J
Disaster Risk Reduct. 2016;16:53–67. doi: 10.1016/j.ijdrr.2016.01.013.

17. Cutter SL, Finch C. Temporal and spatial changes in social vulnerability to
natural hazards. PNAS. 2018;105(7):2301–2306. doi: 10.1073/pnas.
0710375105.

18. Flanagan BE, Gregory EW, Hallisey EJ, et al. A social vulnerability index
for disaster management. J Homel Secur Emerg Manag. 2011;8(1), doi: 10.
2202/1547-7355.1792.

19. Scally CP, Pettit KLS, Arena O. 500 Cities project local data for better
health. Urban Institute, Washington, DC. 2017. https://www.urban.org/
sites/default/files/publication/90376/500-cities-project_1.pdf. Accessed
March 8, 2021.

20. Galea S, Nandi A, Vlahov D. The epidemiology of post-traumatic stress
disorder after disasters. Epidemiol Rev. 2005;27:78–91. doi: 10.1093/
epirev/mxi003.

21. Liu MY, Li N, Li WA, Khan H. Association between psychosocial stress
and hypertension: a systematic review and meta-analysis. Neurol Res.
2017;39(6):573–580. doi: 10.1080/01616412.2017.1317904.

22. Wright RJ. Epidemiology of stress and asthma: from constricting com-
munities and fragile families to epigenetics. Immunol Allergy Clin North
Am. 2011;31(1):19–39. doi: 10.1016/j.iac.2010.09.011.

23. Yonas MA, Lange NE, Celedón JC. Psychosocial stress and asthma mor-
bidity. Curr Opin Allergy Clin Immunol. 2012;12(2):202–210. doi: 10.1097/
ACI.0b013e32835090c9.

24. Cascio WE. Wildland fire smoke and human health. Sci Total Environ.
2018;624:586–595. doi: 10.1016/j.scitotenv.2017.12.086.

25. Wilson R, Din A. Understanding and enhancing the U.S. Department of
Housing and Urban Development’s ZIP Code crosswalk files. Cityscape.
2018;20(2):277–294.

26. Rhodes J, ChanC, PaxsonC, et al.The impact of Hurricane Katrina on the
mental and physical health of low-income parents in New Orleans. Am J

Orthopsychiatry. 2010;80(2):237–247. doi: 10.1111/j.1939-0025.2010.
01027.x.

27. Harville EW, Xiong X, Pridjian G, et al. Postpartum mental health after
Hurricane Katrina: a cohort study. BMC Pregnancy Childbirth.
2009;9(1):21. doi: 10.1186/1471-2393-9-21.

28. Sastry N, VanLandingham M. One year later: mental illness prevalence
and disparities among New Orleans residents displaced by Hurricane
Katrina. Am J Public Health. 2009;99(Suppl 3):S725–S731. doi: 10.2105/
ajph.2009.174854.

29. Sastry N, Gregory J. The effect of Hurricane Katrina on the prevalence of
health impairments and disability among adults in New Orleans:
differences by age, race, and sex. Soc Sci Med. 2013;80:121–129. doi: 10.
1016/j.socscimed.2012.12.009.

30. Adeola FO.Mental health and psychosocial distress sequelae of Katrina: an
empirical study of survivors. Hum Ecol Rev. 2009;16(2):195–210.

31. Toldson IA, Ray K, Hatcher SS, Louis L. Examining the long-term racial
disparities in health and economic conditions among Hurricane Katrina
survivors: policy implications for Gulf Coast recovery. J Black Stud.
2011;42(3):360–378. doi: 10.1177/0021934710372893.

32. Bodenreider C, Wright L, Barr O, et al. Assessment of social,
economic, and geographic vulnerability pre- and post-Hurricane Harvey
in Houston, Texas. Environ Justice. 2019;12(4):182–193. doi: 10.1089/
env.2019.0001.

33. Schwartz RM, Tuminello S, Kerath SM, et al. Preliminary assessment of
Hurricane Harvey exposures and mental health impact. Int J Environ Res
Public Health. 2018;15(5):974. doi: 10.3390/ijerph15050974.

34. Niederkrotenthaler T, Parker EM, Ovalle F, et al. Injuries and post-trau-
matic stress following historic tornados: Alabama, April 2011. PLoS One.
2013;8(12), doi: 10.1371/journal.pone.0083038.

35. Fitzpatrick KM, Shi X, Willis D, Niemeier J. Obesity and place: chronic
disease in the 500 largest U.S. cities. Obes Res Clin Pract. 2018;12(5):421–
425. doi: 10.1016/j.orcp.2018.02.005.

36. Liu SH, Li Y, Liu B. Exploratory cluster analysis to identify patterns of
chronic kidney disease in the 500 cities project. Prev Chronic Dis.
2018;15(5), doi: 10.5888/pcd15.170372.

37. Morrissey SA, Reser JP. Natural disasters, climate change and mental
health considerations for rural Australia. Aust J Rural Health.
2007;15(2):120–125. doi: 10.1111/j.1440-1584.2007.00865.x.

38. Fraser C, Judd F, Jackson H, et al. Does one size really fit all? Why the
mental health of rural Australians requires further research. Aust J Rural
Health. 2002;10(6):288–295. doi: 10.1046/j.1440-1584.2002.00463.x.

39. Ashida S, Robinson EL, Gay J, Ramirez M. Motivating rural older resi-
dents to prepare for disasters: moving beyond personal benefits. Ageing
Soc. 2016;36(10):2117–2140. doi: 10.1017/S0144686X15000914.

Disaster Medicine and Public Health Preparedness 1021

https://doi.org/10.1017/dmp.2020.476 Published online by Cambridge University Press

https://doi.org/10.1016/j.ecolecon.2006.06.013
https://doi.org/10.1289/ehp.109-1240666
https://doi.org/10.3200/ENVT.48.2.8-20
https://doi.org/10.1016/j.ijdrr.2016.01.013
https://doi.org/10.1073/pnas.0710375105
https://doi.org/10.1073/pnas.0710375105
https://doi.org/10.2202/1547-7355.1792
https://doi.org/10.2202/1547-7355.1792
https://www.urban.org/sites/default/files/publication/90376/500-cities-project_1.pdf
https://www.urban.org/sites/default/files/publication/90376/500-cities-project_1.pdf
https://doi.org/10.1093/epirev/mxi003
https://doi.org/10.1093/epirev/mxi003
https://doi.org/10.1080/01616412.2017.1317904
https://doi.org/10.1016/j.iac.2010.09.011
https://doi.org/10.1097/ACI.0b013e32835090c9
https://doi.org/10.1097/ACI.0b013e32835090c9
https://doi.org/10.1016/j.scitotenv.2017.12.086
https://doi.org/10.1111/j.1939-0025.2010.01027.x
https://doi.org/10.1111/j.1939-0025.2010.01027.x
https://doi.org/10.1186/1471-2393-9-21
https://doi.org/10.2105/ajph.2009.174854
https://doi.org/10.2105/ajph.2009.174854
https://doi.org/10.1016/j.socscimed.2012.12.009
https://doi.org/10.1016/j.socscimed.2012.12.009
https://doi.org/10.1177/0021934710372893
https://doi.org/10.1089/env.2019.0001
https://doi.org/10.1089/env.2019.0001
https://doi.org/10.3390/ijerph15050974
https://doi.org/10.1371/journal.pone.0083038
https://doi.org/10.1016/j.orcp.2018.02.005
https://doi.org/10.5888/pcd15.170372
https://doi.org/10.1111/j.1440-1584.2007.00865.x
https://doi.org/10.1046/j.1440-1584.2002.00463.x
https://doi.org/10.1017/S0144686X15000914
https://doi.org/10.1017/dmp.2020.476

	Compounding Effects of Social Vulnerability and Recurring Natural Disasters on Mental and Physical Health
	Introduction
	Methods
	Statistical Analysis

	Results
	Sociodemographic Characteristics and Health Status of Communities
	Distribution of Natural Disasters
	Impact of Social Vulnerability on Health Outcomes
	Impact of Recent and Recurring Natural Disasters on Health Outcomes

	Discussion
	Limitations

	Conclusions
	References


