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Abstract

Background/Purpose: Extreme events such as hurricanes adversely impact

healthcare systems and the communities they serve. The degree to which hur-

ricanes affect healthcare use among high need groups such as older adults with

chronic conditions has not been well examined, nor has the impact of hurri-

cane severity on health outcomes. We characterized hospitalizations among

older adults by chronic condition after eight large-scale hurricanes in the

United States.

Methods: Using a combination of administrative healthcare data and the

Federal Emergency Management Agency's Disaster Declaration database we

conducted a self-controlled case series analysis. We identified Medicare benefi-

ciaries who were exposed to one of eight hurricanes and compared hospitaliza-

tions in the 30-days after a hurricane to hospitalizations in the rest of the

calendar year of the hurricane. We examined hospitalizations (1) in total, (2) sep-

arately for diabetes, congestive heart failure (CHF) and chronic obstructive pul-

monary disease (COPD) admissions, and (3) by hurricane damage category.

Results: Among all older adults exposed, hospitalizations in the 30-day period

after each disaster increased for all three chronic conditions; diabetes (inci-

dence rate ratio [IRR] = 1.06, 95% confidence interval [CI] 1.03, 1.10), COPD

(IRR = 1.06, 95% CI 1.04, 1.08), and CHF (IRR = 1.19, 95% CI 1.17, 1.21. In

the 30-to-60-day period hospitalizations also increased for each chronic condi-

tion; diabetes (IRR = 1.06, 95% CI 1.03, 1.10), COPD (IRR = 1.12, 95% CI 1.10,

1.15), and CHF (IRR = 1.32, 95% CI 1.30, 1.34). Substantial differences in hos-

pitalizations were observed according to individual hurricane and by the

chronic disease examined.

Conclusion: Exposure to hurricanes is associated with an increase in hospital-

izations for chronic conditions across all hurricane damage categories. As

disasters are expected to increase in strength and frequency, our results

underscore the need for response strategies and health policy planning for

healthcare systems designed to address the health needs of older Americans

with chronic conditions.
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INTRODUCTION

Disasters caused by extreme weather such as hurricanes
have wreaked havoc across the United States in recent
years, causing severe impacts to individuals and commu-
nities. These impacts are especially cause for concern
among older adults, a population that is growing expo-
nentially.1 Although hurricanes may broadly contribute
to increased healthcare utilization, they may have espe-
cially severe effects on individuals with chronic condi-
tions. Chronic conditions in particular already affect this
age group, where 80% of American older adults (defined
in this study as 65 or older) have one or more chronic
health condition.2 Research evidence that defines the
state of health for older adults after disasters is critically
needed in order to build more effective disaster response
plans than those that have characterized recent large-
scale disasters but also to support healthy communities
that can withstand the effects of the expected increase in
catastrophic disasters.3 Further, disasters affect commu-
nities differently, where examining wind speed or hurri-
cane strength category may be of less importance than
the amount of damage a community sustained, which
will contribute to challenges in long-term recovery.

Equally pressing is an understanding of best practices
for research around disaster-related morbidity and mortal-
ity.4 Research methodologies in the study of disasters and
health vary substantially, as do sources of data. There has
not been a sustained investment in developing standard-
ized sources of data related to disasters and health, or in
conducting rigorous evaluation of research methodologies
that connect health outcomes to disasters.5 In the absence
of data collected specifically for the purpose of measuring
disaster morbidity, secondary sources of health informa-
tion, connected via geographic identifiers, represent an
alternative. More specifically, the use of administrative
data connected to disaster events is an ideal, and under-
explored source of information about health outcomes.6

The overwhelming majority of older Americans have
Medicare insurance, where analyses of Medicare data
have been considered essential to informing healthcare,
and to guide healthcare policy.7 Connecting these data to
disaster events represents a logical application to under-
standing resulting morbidity and mortality, however,
there exist only a handful of studies that have done so.8–12

We conducted a self-controlled case series to address
this gap and to determine the associations of hurricane
events with hospitalizations for chronic conditions among

older adults in the US. Specifically, we characterized
admissions for chronic obstructive pulmonary disease
(COPD), congestive heart failure (CHF), and diabetes
among Medicare beneficiaries following several large-
scale hurricanes in the United States.

METHODS

We used Medicare administrative claims data from adults
aged 65 or older who resided in a Zone Improvement
Plan (ZIP) code affected by one of eight federally declared
hurricane disasters between 2004 and 2012 to perform a
self-controlled case series analysis. We determined the
change in all-cause hospitalizations and hospitalizations
for three chronic conditions (COPD, CHF, and diabetes)

Key points

• Hospitalizations for any cause, and those for
diabetes, congestive heart failure, and chronic
obstructive pulmonary disease, increased after
the large-scale hurricanes examined and dif-
fered by damage category.

• Chronic conditions are a driver of hospitaliza-
tions for older adults after large-scale hurri-
canes, underscoring the need for response
strategies and health policy planning designed
to address the health needs of older Americans
with chronic conditions.

• Rigorous evaluation of research methodologies
that connect health outcomes to disasters is
needed to better understand and support
health in relation to the advancing impacts of
climate change.

Why does this paper matter?

This manuscript describes increases in healthcare
use after a disaster among older adults, and this
matters because it advances the understanding
how disasters affect the health of older adults
contributes to the larger goal of building systems
to support older adults to be ready for disaster
events—particularly in terms of the healthcare
resources they may need.
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in two exposure periods (0–30 days and 31–60 days)
and compared these to admissions in the other 240 days
before the hurricane. This study received ethical approval
from the University of Michigan Health and Behavioral
Sciences institutional review board (HUM00144124).

Data sources and study sample

The Medicare Provider and Analysis Review (MedPAR)
file combined with the Master Beneficiary Summary File
(MBSF) base was used as the primary data sources.
MedPAR contains final action stay records for acute inpa-
tient hospitalizations for individuals aged 65 or older and
contains information for all fee-for-service Medicare ben-
eficiaries using hospital inpatient services. Each MedPAR
record represents one stay/one claim, and in this study,
we examined only hospitalizations and excluded claims
from Skilled Nursing Facilities.

We restricted our study population to older adults aged
65 or older who resided in counties with a Federal Emer-
gency Management Agency (FEMA) disaster declaration,13

requiring Individual Assistance (IA) support. IA provides
support to families and individuals in counties with federal
disaster declarations and is conceptualized in this study as
a more specific measure of the severity of disaster exposure.
We considered a study participant as exposed if their pre-
disaster ZIP was in an affected county. Individuals who
died prior to the date of the hurricane were excluded
(n = 46,518).

The eight hurricanes under study are Frances (2004),
Ivan (2004), Katrina (2005), Rita (2005), Wilma (2005),
Ike (2008), Irene (2011), and Sandy (2012). These hurri-
canes were selected based on National Oceanic and
Atmospheric Administration (NOAA) estimates of total

cost and were among the most costly hurricane disasters
occurring between 2004 and 2012.14 The hurricanes were
divided into damage categories based on NOAA cost esti-
mates; using low, medium, and high (Table 1).

The MBSF base was merged with open-source FEMA
disaster declarations data to generate the denominator
file that includes beneficiaries in disaster-affected areas.
MedPAR files were merged to the denominator file to
identify the hospitalizations that defined the study
cohorts for each of the eight hurricanes. Data was aggre-
gated from years 2004 to 2012. We then used Centers for
Medicare and Medicaid Service's Hierarchical Condition
Categories (HCC) software15 to determine hospitaliza-
tions for congestive heart failure, diabetes and chronic
obstructive pulmonary disease within a defined period
after a disaster. The primary ICD-9-CM diagnosis code
was used to identify hospitalizations for each of the
chronic disease outcomes. Data was structured for a self-
controlled case series analysis to investigate the change
in hospitalizations for chronic diseases post-disaster by
chronic conditions and by all-cause admissions.

Hurricane exposure

We examined hospitalizations in the first 30 days after
the hurricane, and in a second exposure period from
31 to 60 days after the disaster and compared to the
period 240 days before the disaster.

Hospitalizations for chronic conditions

The endpoint was all-cause hospitalizations and hospitali-
zations for diabetes, COPD, and CHF within the exposure

TABLE 1 Hurricane disasters included in study

Hurricane Month of landfall Cost in billionsa Category at landfall Landfall location

High damage

Katrina August 2005 $160.0 5 Orleans Parish, LA

Sandy October 2012 $70.2 1 Atlantic County, NJ

Ike September 2008 $34.8 2 Galveston County, TX

Medium damage

Ivan September 2004 $27.1 3 Baldwin County, AL

Wilma October 2005 $24.3 2 Collier County, FL

Rita September 2005 $23.7 3 Jefferson County, TX

Low damage

Irene August 2011 $15.0 1 Carteret County, NC

Frances August 2004 $13.6 2 Martin County, FL

aConsumer price index adjusted to 2015.
Source: Billion-Dollar Weather and Climate Disasters https://www.ncdc.noaa.gov/billions/events/US/2000-2015
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periods by damage categories. These three conditions
were identified as conditions of interest as they were
among the most common admission conditions using
HCC software.

Statistical analysis

Using the Centers for Medicare and Medicaid Services
Hierarchical Conditions Category (HCC) risk adjustment
score, we determined the most frequent HCC admission
categories among the total sample after the hurricanes.
Of the top five, which included renal failure and cardiac
arrhythmias, we investigated congestive heart failure,
chronic obstructive pulmonary disorder, and diabetes
based on clinical judgment, literature review, and our
own past research.16 HCCs are a risk adjustment tool that
were developed to determine reimbursement for various
Medicare plans as well as to align care resources with the
clinical needs of a population,15 and are used in this
study as a metric of most common reasons for admission.
To be included in the study, an individual must have had
a hospitalization in one of the three periods of the study;
exposure 1 (0–30 days), exposure 2 (31–60 days), or the
control period.

We then performed a self-controlled case series
analysis,17,18 a case-crossover study variant where each per-
son serves as their own control, such that temporally
invariant confounders are controlled for by design. We
used conditional fixed-effect Poisson regression to measure

the within-person differences in the rate of an outcome fol-
lowing different exposures. This study design is ideal for
situations in which limited granular data are available to
assess potential confounders.

Our Poisson fixed effect model was constructed to
estimate incidence rate ratios (IRRs) with 95% confidence
intervals (CIs) measuring the change in hospitalization
rate in the exposure period after each hurricane versus
the other 240 days before the hurricane (the control
period). IRRs were examined for each of the chronic con-
ditions, by damage category, and by total. We examined
one claim per hospitalization to avoid double counting
hospitalizations. We used two-sided hypothesis testing
and set statistical significance at P less than 0.05. All ana-
lyses were conducted with Stata software version 14.2
(StataCorp, College Station, TX).

RESULTS

We identified 1,713,300 fee for service beneficiaries that
met the study criteria of residing in a disaster affected
area during the study years, with 3,629,637 hospitaliza-
tions. Of this, 328,611 were hospitalized during the 0-to-
30-day exposure period and 334,046 during the second
exposure period of 31–60 days (see Figure 1). In the non-
exposure period, there were 2,359,068 hospitalizations.
The number of hospitalizations ranged from a low of
173,278 during Hurricane Ike to 662,315 during Hurri-
cane Irene.

3,629,637
hospitalizations

(1,713,300 individuals)
in affected area
in disaster years

3,021,725 hospitalizations
(1,515,196 individuals) in
control or exposure period

for each hurricane

2,359,068
hospitalizations

(1,249,987 individuals) in
non-exposure period

328,611 hospitalizations
(130,871 individuals) in

0–30 day exposure

period

334,046 hospitalizations
(134,338 individuals) in

31–60 day exposure

period

Katrina
177,481

hospitalizations

Sandy
500,519

hospitalizations

Ike
173,278

hospitalizations

Ivan
656,254

hospitalizations

Wilma
190,259

hospitalizations

Irene
662,315

hospitalizations

Frances
478,507

hospitalization

s

High damage Medium damage Low damage

Rita
183,112

hospitalizations

A. Total sample

B. Sample by hurricane

FIGURE 1 Sample selection diagram
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Months relative to hurricane Months relative to hurricane Months relative to hurricane

N N N

All cause

High damageMedium damageLow damage

FIGURE 2 All-cause hospitalizations before and after hurricanes, by month

High damage

Medium damage

Low damageN

Months relative to hurricaneMonths relative to hurricaneMonths relative to hurricane

FIGURE 3 Hospitalizations for CHF, COPD, and diabetes, before and after hurricanes, by month

1700 BELL ET AL.



Across all disasters, the overall effect in the 0–30 day
exposure period was a 10% increase in all-cause hospitali-
zations (IRR = 1.10, 95% CI 1.10, 1.11), and in the second
exposure period of 31–60 days a 15% increase (IRR = 1.15,
95% CI 1.15, 1.16). Among all individuals in the sample,
hospitalizations in the 30-day exposure period after each
disaster increased across the three chronic conditions; dia-
betes (IRR = 1.06, 95% CI 1.03, 1.10), COPD (IRR = 1.06,
95% CI 1.04, 1.08), and CHF (IRR = 1.19, 95% CI 1.17,
1.21). In the 30-to-60-day period exposure, for all three
chronic conditions; diabetes (IRR = 1.06, 95% CI 1.03,
1.10), COPD (IRR = 1.12, 95% CI 1.10, 1.15), and CHF
(IRR = 1.32, 95% CI 1.30, 1.34).

Table 2 describes effects by damage category. In most
of the outcomes examined, the 0-to-30-day period showed
a higher rate of hospitalizations across damage category
than in the 31-to-60-day exposure period. The exception
for this was a decrease in all-cause hospitalizations and
those for diabetes within the second exposure period after
high damage hurricanes. See Figures 2 and 3.

DISCUSSION

After a disaster, the focus is often on immediate health
emergencies, leaving less focus on exacerbations of
chronic illness that may occur in a disrupted environ-
ment. This study demonstrates that chronic conditions
are a driver of hospitalizations for older adults after
large-scale hurricanes and further quantifies the relation-
ship between chronic disease and large-scale hurricanes
among older adults. These three chronic diseases are
already among the most common in older adults, and
our study supports the implication that factors related
to a hurricane's impact on a community contribute to
adverse health outcomes that can lead to hospitalization.
These factors may include disrupted or limited access to
health care, disruption in normal patterns of healthy liv-
ing such as diet or transportation, challenges in obtaining
medications or medical treatments,19–23 each of which
are a place for targeted interventions related to disaster
readiness for older adults.

The effect sizes reported in this study varied by hurri-
cane although an overall increase was observed when
examining the total study population. The variation by
damage category is not surprising given that while by
their nature hurricanes differ in terms of strength and
impact, other factors such as population size and geo-
graphic area affected and infrastructure and community
supports of the locality affected are considerations. Fur-
ther, while disaster declarations are an accepted defini-
tion of disaster exposure, but these may not match
exactly with lived experience, or harms of a hurricane. A

2020 National Academy of Medicine report substantiates
the dearth of research on disaster morbidity and calls for
research to identify and test appropriate methods for
developing population estimates of disaster related mor-
bidity.4 This attests to the limited understanding and
focus on disaster-associated morbidity. Indeed, a recent
systematic review of health outcomes for older adults after
disaster found substantial variation in research methodol-
ogy to measure disaster morbidity, and further, challenges
in replicating existing studies.16 Far more attention has
been given to studying disaster mortality for which there
is a stronger scientific understanding, but also for which
outcomes and data may be more clearly defineable.24–26

In this study, we rigorously evaluated the impact of disas-
ters on chronic disease hospitalizations, thereby providing
evidence to inform policy decisions, emergency planning,
and interventions to support healthy aging throughout
the disaster life cycle.

Despite this, there remains a lack of focus on access
to healthcare for chronic disease care in emergencies,
particularly around to mitigation actions to address
chronic disease and disasters and innovative ways to sup-
port older adults living with chronic conditions to be
ready for disaster events in their communities. Much of
the responsibility for maintaining population health dur-
ing disasters is at the local public health and emergency
management level, rather than among hospitals. How-
ever, funding to support public health preparedness,
including programs such as the U.S. Department of
Health and Human Service's (DHHS) has been on the
decline,27 as has been support for disaster-related morbid-
ity and mortality research,4 an issue that has been
highlighted by the current COVID-19 pandemic. With
increased funding and research, advancements can be
made to address chronic healthcare needs during and
after emergencies. For example, current policy efforts exist
which could be expanded upon to address the needs of such
populations during disasters. One of these is the emPOWER
program,28 a collaborative effort between DHHS and CMS
to identify beneficiaries who use electricity-dependent
medical equipment. This study can inform expansion of
the emPOWER program, to identify those most vulnera-
ble with chronic disease prior to hurricanes thereby
avoiding unnecessary hospitalizations after hurricanes
and other disasters.

This study has several limitations. We limited our
study to fee-for-service Medicare beneficiaries aged
65 years and older, which may affect the generalizability
of the findings. For example, results may be different
among older Americans who are enrolled in Medicare
Advantage plans, in that individuals in these plans gener-
ally have better health outcomes. Additionally, since
disaster declarations are at the county level, this does not

HOSPITALIZATIONS FOR CHRONIC CONDITIONS 1701



allow for measurement of the differential effects of the hur-
ricanes within these counties, where community-wide dam-
ages may have differed greatly. The within persons design
of the study prevents bias from potential confounders such
as age, sex, income, education, or racial and ethnicity. It is
possible that seasonality could at least partially explain the
observed associations. To address this, we performed a sen-
sitivity analysis (see Table S1) showing that hospital admis-
sions do not begin to increase until immediately before a
disaster declaration, which occurred at different times
throughout the fall hurricane season. However, given our
analysis of chronic conditions, we would not expect to see
seasonal variation with admissions for diabetes and to a
lesser extent, heart failure. While we view the within-person
design as a strength of this study where participants serve
as their own control, the knowledge that significant racial
disparities and gaps exist during non-disaster times,29 indi-
cates these are likely exacerbated during a disaster, calling
for specific interventions to support diverse communities.

Hospitalizations for any cause, and those for diabetes,
congestive heart failure, and chronic obstructive pulmo-
nary disease, increased in the months after the eight large
scale hurricanes examined. Addressing chronic disease
care for older adults needs to be included as a fundamen-
tal aspect of disaster response planning.
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