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Abstract

Introduction: Understanding the drivers of health care utilization patterns following disasters 

can better support health planning. This study characterized all-cause hospitalizations among older 

Americans after eight large-scale hurricanes.

Study Objective: The objective of this study was to characterize all-cause hospitalizations for 

any cause among older Americans in the 30 days after eight large-scale hurricanes.

Methods: A self-controlled case series study among Medicare beneficiaries (age 65+) exposed to 

one of eight hurricanes was conducted. The predicted probability of sociodemographic factors 

associated with hospitalization using logit models was estimated.

Results: Hurricane Sandy (2012) had the highest post-hurricane admission rate, a 23% increase 

(incidence rate ratio [IRR] = 1.23; 95% CI, 1.22–1.24), while Hurricane Irene in 2011 had only a 

10% increase (IRR = 1.10; 95% CI, 1.09–1.11). Higher likelihood of hospitalization occurring 

after hurricanes included being 85 or older (36.8% probability of hospitalization; 95% CI, 34.7–

39.0) and being dually eligible for Medicare and Medicaid (62.8%; 95% CI, 60.7–64.9).

Conclusion: Planning to address the surge in hospitalization for a longer time period after 

hurricanes and interventions targeted to support aging Americans are needed.
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Introduction

Disasters are unpredictable, chaotic events that can have a serious impact on the health of 

older adults. Age-related changes such as decreased mobility, cognitive deficits, frailty, 

limited financial resources, and the presence of chronic and comorbid disease predispose 

older adults to more serious health consequences during the intra-disaster period. During a 

disaster, there may be disruption of services at the household and community levels that 

complicate access to needed routine health care. Indeed, the eight recent large-scale 

hurricanes included in this study were each associated with loss of electricity, mass 

evacuations, and temporary to permanent closure of health systems which provided care for 

thousands of individuals. The impact of the disruption of essential services caused by these 

storms can be understood through the health breakdowns that occur among older adults and 

resultant health care costs.

After a disaster, effects on health differ depending on a number of factors, including 

sociodemographic characteristics (such as age, sex, race/ethnicity, the presence of co-

morbidities, and poverty), and not just the disaster itself. Older adults remain affected by 

disaster longer than expected, beyond the immediate recovery period and beyond the period 

explicable by injuries and trauma from the disaster. These long-term effects include changes 

in health behaviors, excess hospitalizations, and in some cases, mortality.1,2 Other studies 

have examined the impact of diabetes-related hospital admissions after Hurricanes Katrina 

(2005) and Rita (2005),3 hypertension among US veterans,4 and of course, Hurricane Maria 

(2017) related mortality.5 Prior studies limited to examining a single disaster suggest that 

exposure to hurricanes may affect the health of older adults. There is a clear need to 

understand patterns of morbidity for older adults after large-scale disasters and emergencies. 

Indirect effects from disaster—loss of electricity, limited transportation, lack of access to 

health care, and poor nutrition—have consequences on health outcomes.

To this point, the aging population is growing exponentially,6 alongside a rapid rise in the 

incidence of chronic disease.7 The effects on already-strained health care systems of a 

combination of a rise in population of older adults, an increase in incidence of chronic 

disease, and more intense and severe disasters are obvious. However, there is not sufficient 

evidence currently of what these impacts are. Examining hospitalizations among older adults 

after disaster in recent, highest cost, and arguably most severe hurricane disasters can 

describe the extent to which older adults are affected by these events.

Therefore, all-cause hospitalizations were examined among older Americans in the 30-day 

period after eight of the most costly, large-scale hurricanes in recent history.
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Methods

Among a large sample of older adults (age 65 and older), a self-controlled case series study 

was conducted using a combination of Medicare administrative claims data from eight 

federally declared hurricane disasters from 2004–2012. The change in all-cause hospital 

admissions in the 30 days after each large-scale hurricane was determined when compared 

to the rest of the calendar year. This study received ethical approval from the University of 

Michigan (Ann Arbor, Michigan USA) Health and Behavioral Sciences institutional review 

board (HUM00144124).

Data Source

The Medicare Provider and Analysis Review File (MedPAR), combined with Medicare 

beneficiary claims data, was used as the individual-level data source. The MedPAR contains 

final action stay records for acute in-patient hospitalizations for individuals aged 65 or older 

and contains information for all fee-for-service Medicare beneficiaries using hospital in-

patient services,8 and those who were not fee-for-service beneficiaries were excluded. The 

study sample included individuals who resided in counties with a federal disaster declaration 

for Individual Assistance (IA) after one of eight recent, large-scale hurricanes. To reduce 

bias, individuals who died during the interval being examined were excluded from the study.

Identification of Hurricane Exposure

The hurricanes were selected based on National Oceanic and Atmospheric Administration 

(NOAA; Washington, DC USA) estimates of total cost, and were among the most costly 

hurricane disasters occurring from 2004 through 2012.9 These were: Frances in 2004, Ivan 

in 2004, Wilma in 2005, Rita in 2005, Katrina in 2005, Ike in 2008, Irene in 2011, and 

Sandy in 2012 (Table 1). The primary exposure variable was defined as the 30 days after 

exposure to one of eight hurricane disasters (Table 1). This was compared with all other days 

during the same calendar year as the disaster. The disaster-exposed sample included 

residents of any county which experienced major hurricanes with Federal Emergency 

Management Agency (FEMA; Washington, DC USA) disaster declarations10 requiring IA 

support. Individual Assistance provides support to families and individuals in counties with 

federal disaster declarations and is conceptualized in this study as a more-specific measure 

of severity of disaster exposure. An older adult was considered exposed if their ZIP code 

resided in an affected county.

All-Cause Hospitalization

The primary outcome was all-cause hospital admission among fee-for-service Medicare 

beneficiaries in the 30-day period after each of the identified disasters. Hospitalizations that 

included an intensive care unit (ICU) admission were examined separately.

As an additional sensitivity analysis, the hypothesis was tested that immediate injuries and 

trauma may have accounted for the increased hospitalizations in the immediate period after 

the disaster. To do this, the first three days after the hurricane were excluded using two 

storms: Hurricane Irene, which had the lowest rate of hospital admissions; and Hurricane 

Sandy, which had the highest.
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Statistical Analyses

In order to assess the short-term outcome on the acute exposure of a disaster, a self-

controlled case series analysis was conducted, where the within-person differences in the 

rate of hospital admissions in the 30 days following each hurricane were estimated. Self-

controlled case series methodology has been well-explained in the scientific literature,11 

where analyses have been used in prior studies of disaster morbidity,2 adverse reactions to 

vaccines,12 and sepsis outcomes.13 This case-crossover methodology, where individuals 

serve as their own controls and confounders are controlled for within the modeling, is ideal 

for secondary data analysis in which limited information is available on potential 

confounders.11 As this method examines within-person differences based on an event, 

covariates such as functional status, income, or education are controlled for in the analysis 

without the need to directly measure them. One claim per hospitalization was examined in 

order to avoid double counting hospitalizations. Effect estimates were expressed as 

incidence rate ratios (IRRs).

Logit models were used to estimate the predicted probability of hospitalization following 

exposure to explore how the risk of hospitalization differs according to specific 

characteristics. These factors were decided on a priori and based on literature review and 

clinical relevance, including age, sex, race, and ethnicity. Dual eligibility for Medicare and 

Medicaid was used as a proxy measure for poverty (and limited to adults aged 65 or older). 

A multi-level logit model conditional on hurricane-specific random effect (random intercept 

model) was constructed using the categorical individual level-factors. Covariates in the 

models used to predict hospitalization in the 30 days after the hurricane included age, sex, 

race and ethnicity, dual eligibility, comorbidity (using Elixhauser Comorbidity Index14), and 

hospitalization prior to the hurricane (12 months). Stata (version 15.1; StataCorp, College 

Station, Texas USA) was used for all analyses. All hypothesis tests were two-sided and used 

a critical alpha level of 0.05.

Results

There were 2,404,079 fee-for-service beneficiaries that met the study criteria of residing in a 

disaster-affected area during the study years. After excluding 273,780 beneficiaries as they 

died during the study period, the total number included in the study was 2,130,299 persons. 

The mean age was 75.6 years old, 57.4% of the sample was female, and 84.2% were White, 

non-Hispanic (Table 2). The majority (87.6%) lived in urban environments, 14.5 % were 

from rural areas, and 12.5% were dually eligible for Medicare and Medicaid.

All-Cause Hospitalizations

All-cause hospitalizations increased in the 30 days after exposure for all eight hurricanes 

studied. Hospitalizations varied between 10% to 23% higher in the 30 days after the event 

when compared to the other 11 months of the year.

Hurricane Sandy had the highest post-hurricane admission rate increase, an increase of 23% 

(IRR = 1.23; 95% CI, 1.22–1.24), resulting in 10,712 additional admissions; whereas 

Hurricane Irene in 2011 resulted in an increase of only 10% (IRR = 1.10; 95% CI, 1.09–
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1.11). All other hurricanes included in the analysis showed significant increases in hospital 

admissions. Specifically, the other hurricanes were: Hurricane Wilma (IRR = 1.20; 95% CI, 

1.18–1.22); Hurricane Rita (IRR = 1.15; 95% CI, 1.14–1.17); Hurricane Ivan (IRR = 1.14; 

95% CI, 1.13–1.15); Hurricane Frances (IRR = 1.12; 95% CI, 1.11–1.13); and Hurricane Ike 

(IRR = 1.11; 95% CI, 1.11–1.13). Intensive care unit admissions were also elevated across 

all eight disasters, ranging from a 37% increase after Hurricane Sandy (IRR = 1.37; 95% CI, 

1.34–1.39) to a 15% increase after Hurricane Frances (IRR = 1.15; 95% CI, 1.13–1.17; 

Table 3).

Two separate sensitivity analyses were conducted. First, the first three days were removed 

from two selected hurricane disasters, hypothesizing that this time period would account for 

injuries or immediate trauma. When removing these first three days after Hurricane Sandy, 

which had the highest admission IRR, and Hurricane Irene, which had the lowest, hospital 

admissions remained elevated: Hurricane Sandy (IRR = 1.21; 95% CI, 1.20–1.22 versus IRR 

= 1.23; 95% CI, 1.22–1.24) and Irene (IRR = 1.11; 95% CI, 1.10–1.11 versus IRR = 1.10; 

95% CI, 1.09–1.11).

Post-Estimation Analyses

The predicted probability of hospitalization in the 30 days after disaster was examined for 

the total sample, controlling for multiple covariates. The oldest (85 or greater years) had the 

highest predictive probability of post-disaster hospitalization (36.8%; 95% CI, 34.7%–

39.0%) compared to the other two categories of age: 65 to 74 (29.9%; 95% CI, 28.0%–

31.7%) and 75–84 (33.3%; 95% CI, 31.4%–35.3%). Men had a higher predicted probability 

than women: 38.4% (95% CI, 36.8%–40.1%) compared to 27.5% (95% CI, 25.3%–29.5%). 

Race/ethnicity was also a factor, where Whites (27.8%; 95% CI, 26.1%–29.4%) had the 

lowest predicted probability of hospitalization after disaster compared with Blacks, 

Hispanics, and other races. Those who were dually eligible for Medicare and Medicaid, the 

proxy for poverty, had a 62.8% (95% CI, 60.7%–64.9%) higher predicted probability of 

hospitalization than those who had Medicaid only (27.7%; 95% CI, 25.9%–29.6%). Finally, 

using the Elixhauser co-morbidity index, the predicted probability for those with three or 

greater co-morbidities was 49.9% (95% CI, 49.3%–50.4%; Figure 1).

Discussion

This is one of relatively few studies to characterize all-cause hospitalizations among older 

adults across multiple, large-scale hurricanes that occurred in recent history. This study 

found, regardless of the population and across different hurricanes, hospitalizations 

increased for the 30 days following the hurricane (even after removing the acute phase of a 

few days following the storm). However, there was variability in the extent to which 

hospitalizations increased following storms – for instance, the largest changes in 

hospitalizations occurred following Hurricane Sandy, whereas smaller changes were 

observed for Hurricane Irene. Vulnerable and at-risk groups had the highest probability of 

hospitalization after disaster: the oldest (85+), those living in poverty (ie, dual eligible), and 

those with multiple co-morbidities. This study demonstrates that the effects of disasters 

extend beyond the initial period following these events and underscores the need for long-
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term community recovery that takes into account the needs of structurally marginalized 

populations.

The sizeable increase in hospitalizations identified across the eight separate hurricanes calls 

attention to the need for an understanding of the factors specific to the disaster and 

subsequent community disruption associated with this increase. The results align with 

previous work. Previous studies have found that hospital admissions after one tornado-

related disaster were associated with an increase in the month after the disaster.2 Elevations 

in post-disaster geriatric emergency department visits15 and cardiac events16 were seen after 

Hurricane Sandy, and also in a combined study looking at Hurricanes Rita and Katrina.3,17

This study also found significant increases in all-cause hospital admissions when examining 

eight separate, large-scale hurricanes. Prior research has described surges in hospitalization 

after hurricanes, however most of these reports have been limited to one disaster18 or the 

immediate period after a disaster. The findings of this study, using one of the largest sources 

of health data on older adults, studying hospitalizations in the 30 days after eight separate 

disasters advances the understanding of the health effects of disaster on older adults. Pre-

disaster ZIP codes were used as the baseline for analyses, thereby allowing for inclusion of 

individuals who left the area after the hurricanes—provided that they received care 

somewhere in the US that was covered by Medicare. This is an important strength of this 

study as it considers the migration of disaster-displaced populations,19–21 a key limitation in 

other studies where the disaster-displaced are often lost to follow-up. Further, the time of the 

year the hurricanes occurred (Table 1) suggests that the increase in admission was not 

related to seasonal variation.

Disasters and their associated costs have been estimated through the NOAA’s widely-cited 

billion-dollar consumer price index (CPI)-adjusted estimates.9 However, the methods used to 

estimate these costs explicitly exclude “health care related losses, or values associated with 

loss of life.”22 These costs are currently unknown and unestimated. This study attempted to 

do this by using the 2016 estimates of cost of average hospital stay from the Healthcare Cost 

and Utilization Project (HCUP)23 where average hospital stay costs for Medicare 

beneficiaries were estimated at $13,600 and $14,500 for adults aged 65–84. In this study, 

44,265 excess hospital admissions were found across the eight hurricanes studied. Applying 

this to the HCUP estimates, excess costs for older adults in sum were $641,842,500. Excess 

costs for Medicare beneficiaries were $602,004,000 (Figure 2). Patients sent to the ICU are 

among the most vulnerable and resource-intensive patients. Hospital stays that include ICU 

services have been estimated to be two-and-one-half-times more costly than other hospital 

stays.24 The large cost associated with increases in hospitalizations following hurricanes 

underscores the importance of policy implications of cost for disaster-related admissions.

Tracking the health effects of disaster on older adults is critical at all levels of disaster 

response, which can significantly inform disaster planning, but also planning for health care 

systems and those focused on healthy aging. Understanding the individual characteristics of 

those who are more likely to be admitted to the hospital after a disaster can help guide 

decision making on resource allocation and preparedness for older adults. Finally, future 
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research should explore the impact of local and state variation in both emergency 

management and in aging policy and services surrounding disasters.

Policy Implications

This study highlights an important gap in policy related to disasters and health care: that 

health needs, and health care utilization, remain elevated far after the immediate impact—

which is where the policy focus currently lies. Further, this study points to the considerable 

health care cost implications associated with disaster among older Americans. Finally, the 

results reported here address a gap in understanding of health care utilization patterns after 

disasters, which can support policymakers to anticipate long-term population health needs 

by coordinating resource sharing and strengthening regional planning among hospitals in 

disaster-affected areas. Future research to explain the differences in rates of hospitalizations 

after different hurricane disasters, as found in this study, can further support health systems 

and emergency planners to plan for needed health care services after a hurricane.

Limitations

This study was not without several limitations. Firstly, this study design does not directly 

adjust for confounders such as age, sex, income, education, or race and ethnicity. However, 

in the within-person design of this study, participants serve as their own control (before 

versus after), which is a strength. Second, the study was limited to fee-for-service Medicare 

beneficiaries aged 65 years and older that may affect the generalizability of the findings. 

Results may differ among older Americans enrolled in Medicare Advantage plans that are 

typically healthier. Finally, the possibility of misclassification of hurricane exposure cannot 

completely be ruled out. Disaster declarations are at the county level, and do not allow for 

measurement of the differential effects of the hurricanes within these counties, where 

community-wide damages may have differed greatly.

Conclusion

Disasters are increasing in frequency and severity across the United States. Understanding 

the extent to which the health of older adults is affected by disasters is critically important. 

This self-controlled case series study using administrative claims data found significant 

increases in all-cause hospital admissions across all eight hurricanes. Using data-driven 

evidence, as provided in this study, can guide federal, state, and local planning and the 

deployment of resources to support older adults and the health care systems that serve them 

in the event of a disaster.

Abbreviations:

HCUP Healthcare Cost and Utilization Project

IRR incidence rate ratio

IA Individual Assistance

ICU intensive care unit
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MedPAR Medicare Provider and Analysis Review File

NOAA National Oceanic and Atmospheric Administration
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Figure 1. 
Percent Hospitalized in 30 Days Following Hurricane Landfall According to Characteristics 

among Older Adults.

Note: All analyses adjusted for prior hospitalization and all other characteristics shown error 

bars represent 95% confidence intervals.
a Non-Hispanic.
b Number of comorbidities based on the Elixhauser comorbidity index in year prior to 

hurricane.
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Figure 2. 
All-Cause Hospital Admissions in 30 Days After Hurricane, Compared to the Rest of the 

Same Year.

Abbreviation: IRR, incidence rate ratio.
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Table 1.

Hurricane Disasters Included in Study

Disaster Month of Landfall Cost Category at Landfall Landfall Location

Hurricane Katrina August 2005 $160.0b 5 Orleans Parish, Louisiana

Hurricane Sandy October 2012 $70.2b 1 Atlantic County, New Jersey

Hurricane Ike September 2008 $34.8b 2 Galveston County, Texas

Hurricane Ivan September 2004 $27.1b 3 Baldwin County, Alabama

Hurricane Wilma October 2005 $24.3b 2 Collier County, Florida

Hurricane Rita September 2005 $23.7b 3 Jefferson County, Texas

Hurricane Irene August 2011 $15.0b 1 Carteret County, North Carolina

Hurricane Frances August 2004 $13.6b 2 Martin County, Florida

Note: Cost was consumer price index adjusted. Source: Billion-Dollar Weather and Climate Disasters - https://www.ncdc.noaa.gov/billions/
events/US/2000-2015.
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Table 3.

Hospital Admissions Including ICU Stay Among FFS Medicare Beneficiaries after Large-Scale Disaster

Hospitalization

Disaster, Year Total in Study Period Disaster-Exposure Period Non-Exposure Period IRR 95% CI

Frances, 2004 577,792 52,601 525,191 1.15 (1.13–1.17)

Ivan, 2004 789,152 73,104 716,048 1.20 (1.18–1.22)

Katrina, 2005 212,310 20,349 191,961 1.20 (1.16–1.24)

Wilma, 2005 226,877 21,819 205,058 1.25 (1.22–1.28)

Rita, 2005 218,507 20,489 198,018 1.16 (1.14–1.17)

Ike, 2008 208,120 19,075 189,045 1.22 (1.19–1.26)

Irene, 2011 799,853 72,225 727,628 1.15 (1.13–1.17)

Sandy, 2012 597,026 58,655 538,371 1.37 (1.34–1.39)

Abbreviations: FFS, fee-for-service; ICU, intensive care unit; IRR, incidence rate ratio.
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