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Abstract

Background and Objectives: Disasters can worsen behavioral symptoms in people living with dementia, 

leading to disorientation, anxiety, and paranoia. In such situations, psychotropic medications may be 

inappropriately used to manage these symptoms. This study estimated the receipt of new, or changes to 

existing, psychotropic prescription medications post-disaster among fee-for-service Medicare 

beneficiaries with a dementia diagnosis.

Research Design and Methods: Medicare administrative claims data were used to examine the 

relationship between hurricane exposure and receipt of antipsychotic prescriptions among people living 

with dementia with no prior use. The primary outcome was a daily count of new psychotropic 

prescriptions per beneficiary, from Part D claims, residing in exposed and unexposed counties 12 months 

after the hurricane landfall. The secondary outcome was a daily count of increases in the dosage of 

psychotropic prescriptions. Federal Emergency Management Agency disaster declarations were used to 

determine disaster-exposed groups.

Results: A total of 70,307 traditional fee-for-service beneficiaries with a dementia diagnosis were 

included in the study. In analyses adjusted for age, sex, race/ethnicity, Part D low-income subsidy status, 

rurality and number of Elixhauser comorbidities conducted over a 12-month period following the three 

hurricanes, beneficiaries exposed to the hurricanes had a 10% higher rate of starting new antipsychotic 

prescriptions compared to those in unexposed counties (IRR: 1.10, 95% CI: 1.04-1.17). Analyses 

conducted by individual hurricanes revealed substantial differences, with higher rates of initiating 

antipsychotics following Hurricane Harvey (IRR: 1.21, 95% CI: 1.07-1.36), and no change after 

Hurricanes Irma (IRR: 0.97, 95% CI: 0.88-1.08) and Florence (IRR: 0.92, 95% CI: 0.80-1.05).  

Discussion and Implications: Psychotropic prescribing increased after Hurricane Harvey but not after 

Irma or Florence, suggesting context-specific factors may influence clinical responses during disasters. 

Our findings highlight the importance of incorporating person-centered care and appropriate behavioral 

health responses into disaster preparedness planning for the dementia population.

Keywords: Disaster, Medication, Emergency Planning, Behavioral disturbance, Alzheimers
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Translational Significance

This study’s findings are critical for translating disaster readiness into meaningful improvements in care 

for people living with dementia. The observed increase in psychotropic medication use after Hurricane 

Harvey highlights gaps in dementia care during times of crisis. These insights can guide the development 

of non-pharmacologic interventions, such as tailored training for caregivers and healthcare teams, to 

reduce reliance on medications as behavioral restraints. Additionally, the findings support policies 

integrating dementia care into disaster planning frameworks, addressing the complex factors impacting 

people living with dementia. A multidisciplinary approach is key to improving dementia outcomes during 

disasters.
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Introduction

An estimated 6.9 million Americans are living with a diagnosis of Alzheimer's disease and other related 

dementias (ADRD).1 Concurrently, large-scale disasters create social and environmental challenges or 

people living with dementia and contribute to negative impacts of pre-existing mental and cognitive 

conditions.2 The increase in frequency and severity of weather and climate-related disasters calls for 

urgent knowledge, planning, and action related to supporting people living with dementia throughout 

these events.3 However, there remains little understanding and acknowledgment of the negative health 

consequences resulting from disaster exposure in older adults with ADRD.  

Due to a lack of situational awareness, people with dementia are almost entirely dependent on caregivers 

during the immediate period after a disaster. Throughout the disaster response and recovery period, 

people living with dementia and their caregivers may experience a disruption in normal routines that are 

critical to maintaining function within their communities and homes.4 This can lead to increased 

behavioral agitation, known as behavioral and psychological symptoms of dementia (BPSD). BPSD can 

include such symptoms as depression or apathy, anxiety, agitation, aggression, psychosis, sleep 

disturbances, dysphoria, hallucinations, and delusions.5-7 Post disaster, medication use may be an 

expedient way to manage symptoms related to dementia, and the challenging conditions of a disaster may 

contribute to misuse, manifested by either underuse, overuse, or inappropriate use. The prescribing of 

some psychotropic medications (e.g., antipsychotics) for BPSD may be used inappropriately as a form of 

restraint when symptoms worsen.8 

There are known side effects from BPSD medications specific to people living with dementia. 

Specifically, some antipsychotics are known to affect adults with dementia; these include sedation, 

orthostatic hypotension, anticholinergic effects, extrapyramidal symptoms, cardiac arrhythmias, and 

seizures.8 In fact, the Food and Drug Administration (FDA) issued a boxed warning concerning the 

increased risk of sudden cardiac death and cerebrovascular accidents in those with a dementia diagnosis 
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5

who were prescribed atypical antipsychotics for BPSD in 2005.9, 10 Boxed warnings were added for first-

generation antipsychotics (conventional antipsychotics) for this population after two large cohort studies 

showed similar risk.11-13 

Few prior studies have empirically examined the effects of disasters on people living with dementia, and 

none to our knowledge have examined prescribing patterns during disasters. Therefore, the purpose of this 

study was to estimate rates of receipt for new, or changes in existing, psychotropic prescription 

medications post-disaster among fee-for-service Medicare beneficiaries with an ADRD diagnosis.

Methods

Using a combination of administrative claims and hurricane data, this retrospective cohort study 

examined receipt of psychotropic prescriptions during three recent large-scale hurricanes, Hurricanes 

Harvey (2017) in Texas, Irma (2017) in Florida, and Florence (2018) in the Carolinas. The study received 

Institutional Review Board (IRB) approval from the University of Michigan and reporting followed 

Strengthening the Reporting of Observational studies in Epidemiology (STROBE) guidelines.  

Data Source and study cohort

Administrative Medicare claims files from 2016-2019, including Medicare Part D, the Master Beneficiary 

Summary Files (MBSF), MBSF Chronic Conditions Supplement (MBSF-CC), and Medicare Provider 

Analysis and Review (MedPAR) files were used to create the study sample. Disasters were identified 

through the Federal Emergency Management Agency’s (FEMA) open-source data and were limited to 

counties, which received individual assistance declarations.14 The Micromedex Red Book was used to 

identify antipsychotics (see Supplementary Material).15 The National Center for Health Statistics (NCHS) 

Urban Rural classification scheme file was used to identify rural counties.16 
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The study sample was determined using a 10% random sample from Part-D files (Figure 1). Beneficiaries 

were restricted to those aged 65 or older with fee-for-service Medicare and Medicare Part D residing in 

states affected by Hurricanes Harvey in 2017 (Texas), Irma in 2017 (Florida and Georgia), and Florence 

in 2018 (North Carolina and South Carolina). The sample was refined to individuals residing in counties 

categorized as "exposed" or "non-exposed" during the hurricane month. Exposed counties were those 

receiving FEMA Individual Assistance (IA) declarations, while non-exposed counties, although in the 

same states as the disasters, lacked FEMA IA declarations (Figure 2). To identify race, ethnicity, and 

ADRD diagnoses, we utilized criteria defined by validated algorithms from Research Triangle Institute 

(RTI) and Chronic Conditions Warehouse (CCW) by CMS.17, 18

Beneficiaries with ADRD were identified based on MBSF-CC claims by the end of the calendar year 

indicator. We excluded beneficiaries without Medicare Part A, B, and D coverage for a 25-month 

observation period (12 months before and 12 months after the hurricane(s) landfall, along with a 1-month 

buffer period after the hurricane), as well as decedents during this timeframe. Beneficiaries already on 

psychotropic medication during the 12-month period prior to hurricanes were also excluded. The sample 

was further narrowed to those with an ADRD diagnosis at the time of the hurricane. 

Outcomes

The primary outcome was a daily count of new psychotropic prescriptions per beneficiary, from Part D 

claims, residing in exposed and unexposed counties, 12 months after the hurricane landfall.  For each Part 

D claim, the first instance of a psychotropic medication per beneficiary was considered a new prescription 

claim. New medication prescriptions were identified by sorting all instances of prescription claims by 

start date per beneficiary, where the first instance was considered as a new medication. New medication 

was defined as no prior prescription of that psychotropic medication class in the 13-month period before 

the hurricane (12 months before landfall and a one-month buffer period). For the primary analysis, we 

focused on antipsychotics, while additional psychotropic medication classes, including antidepressants, 
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anti-dementia, and benzodiazepines, were considered for supplementary analyses (see Supplementary 

Table 1 for a complete list). 

The secondary outcome was a daily count of increases in the dosage of psychotropic prescriptions. An 

increase in dosage was identified based on an increase in the daily strength (in mg) of a previously 

prescribed medication. A dosage increase was recorded when a patient’s new prescription of the same 

medication had a higher daily dose than the preceding fill. To determine the total number of increases per 

day, the data were grouped by patient and date, and all dosage increases occurring on the same day were 

summed. For instance, if a patient was prescribed 6 mg/day of antipsychotic on the 1st day of the month 

and the dosage was increased to 12 mg/day on the 10th day, this would be counted as a dosage increase 

on that day. If the same patient was also taking another psychotropic medication, such as an antidementia 

or benzodiazepine, and received a dosage increase for that psychotropic medication on the 10th day, each 

increase would be counted separately within its respective medication class, resulting in one increase per 

class for that day.

Statistical Analyses 

We conducted a series of analyses to assess the relationship between hurricane exposure and receipt of 

psychotropic prescriptions among people living with dementia. Our primary estimates compared 12-

month post-hurricane prescription drug claims of the exposed and non-exposed people living with 

dementia populations for the three hurricanes. Since the dependent variables are daily counts of the 

number of claims, we used a negative binomial regression model to account for the overdispersion in the 

count data. Estimates were adjusted for age, sex, race/ethnicity, Part D low-income subsidy status, 

rurality, and number of Elixhauser comorbidities. We also included month and year fixed effects in the 

combined hurricane analysis to adjust for any seasonality or changes in prescribing behavior over time. 

For the individual hurricane analyses, we did not include these fixed effects because all beneficiaries 

shared the same index date within each hurricane, eliminating the need for time adjustment. All standard 

errors are clustered at the beneficiary level. Hurricane-specific estimates for hurricanes Harvey, Irma, and 
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Florence were conducted in order to more directly compare the exposed and non-exposed counties for 

each hurricane and examine the differences in effects between the hurricanes. Finally, absolute incidences 

and absolute incidence differences are reported to support understanding of the magnitude of the impact.

Several sub-analyses were conducted. First, to validate the primary estimates, we conducted a robustness 

check by excluding counties receiving public assistance from the control group. Counties with FEMA 

Public Assistance (PA) declarations were not removed from the control group for primary estimates. 

Since beneficiaries in these counties experienced the hurricane's impact to a lesser degree, the previous 

estimates might underestimate the actual hurricane impact. Second, beneficiaries who migrated before or 

after the hurricane landfall may experience different outcomes due to factors beyond our analytical 

control. To ensure that migration patterns did not influence our estimates, we restricted our sample to 

beneficiaries who remained in their county of residence throughout the 12-month post-hurricane period 

and conducted our analysis again. All analyses were carried out using Stata version 18 (College Station, 

Texas, USA). 

Results 

A total of 70,307 traditional fee-for-service beneficiaries with a dementia diagnosis were included in the 

study cohort (see Table 1). The development of the study cohort can be seen in Figure 1. The study 

sample consisted of two groups of older adults with a dementia diagnosis: those who were exposed to one 

of three large-scale hurricanes (n=32,982), and those who resided in an unaffected county in the same 

state as the hurricane (n=37,325). The mean age of exposed beneficiaries was 81.5 years (SD = 8.0), and 

24,170 (73%) of beneficiaries were of white ethnicity. The mean number of Elixhauser comorbidities was 

2.0 (SD = 3.3). Overall, almost 7% (n=2292) of the hurricane-exposed population started a new 

prescription for any antipsychotic, and almost 5% (n=1572) had a change in their existing prescription 

(Table 2).
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9

In adjusted analyses conducted over a 12-month period following the three hurricanes, counties exposed 

to hurricanes had a 10% higher rate of starting new antipsychotic prescriptions daily per beneficiary 

compared to unexposed counties (IRR: 1.10, 95% CI: 1.04 – 1.17) (Figure 3a). Among beneficiaries who 

already initiated antipsychotics during the post-hurricane period, counties exposed to hurricanes had a 

13% higher daily rate of dosage increases per beneficiary compared to unexposed counties. (IRR: 1.13, 

95% CI: 1.04 – 1.22) (Figure 3b)

Analyses conducted by individual hurricanes revealed substantial differences, with the greatest impacts 

seen in Hurricane Harvey. Among counties exposed to Hurricane Harvey, there was a 21% higher daily 

rate of new prescriptions for antipsychotics per beneficiary (IRR: 1.21, 95% CI: 1.07 - 1.36) compared to 

unexposed counties during the 12 months after hurricane landfall. For beneficiaries already prescribed 

any antipsychotics, the daily rate of dosage increases per beneficiary (IRR: 1.14, 95% CI: 0.97 – 1.35) in 

exposed areas compared to unexposed areas during the 12-month period following the disaster was not 

significant. 

However, for Hurricane Irma, there was no change in new prescriptions for antipsychotics (IRR: 0.97, 

95% CI: 0.88 - 1.08) in exposed counties compared to unexposed counties. For beneficiaries already 

prescribed any antipsychotics, there was also no change in the daily rate of dosage increases (IRR: 0.97, 

95% CI: 0.84 – 1.10) in exposed counties compared to unexposed counties during the 12-month period 

following the hurricane. For Hurricane Florence, we observed lower rates for both new antipsychotic 

prescribing (IRR: 0.92, 95% CI: 0.80 - 1.05) and changes in existing prescriptions (IRR: 0.92, 95% CI: 

0.76 – 1.11) in exposed counties compared to unexposed counties during the 12-month period following 

the hurricane, but these associations were not statistically significant at the 0.05 alpha level. 

We conducted sub-analyses focusing on beneficiaries who remained within their original county of 

residence to understand the effects of outmigration. In adjusted analyses conducted over a 12-month 
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10

period following hurricanes Harvey, Irma, and Florence, counties exposed to these hurricanes had a 9% 

higher daily rate of new prescriptions per beneficiary for any antipsychotics compared to unaffected 

counties (IRR: 1.09, 95% CI: 1.03 – 1.17). Additionally, for beneficiaries already on any antipsychotics, 

the analyses indicated an 11% higher daily rate of dosage increases per beneficiary in exposed counties 

compared to unexposed counties (IRR: 1.11, 95% CI: 1.02 – 1.21). 

In adjusted analyses over a 12-month period following Hurricanes Harvey, Irma, and Florence, the 

exposed counties had a 16% higher daily rate of initiating new antipsychotic prescriptions per beneficiary 

compared to unexposed counties, excluding public assistance counties (IRR: 1.16, 95% CI: 1.09 – 1.24). 

Among beneficiaries who were already prescribed antipsychotics within the 12 months following all 

hurricanes, there was a 19% higher daily rate of dosage increase prescriptions per beneficiary in exposed 

areas compared to unexposed areas, excluding public assistance counties (IRR: 1.19, 95% CI: 1.09 – 

1.30). These results closely align with our primary findings, indicating robustness and consistency among 

the outcomes.

In addition to relative incidences, absolute incidence rates and their differences were analyzed to 

understand the magnitude of the hurricane’s impact on antipsychotic prescribing patterns. For every 1,000 

beneficiaries living in hurricane-affected counties, the number of new antipsychotic prescriptions initiated 

each month over the 12 months following landfall ranged from 5.6 to 7.5, with an average of 6.6. In non-

affected counties, the monthly rate of new antipsychotic prescriptions ranged from 5.1 to 6.6 per 1,000 

beneficiaries, with an average of 5.9. This results in an absolute difference of 0.6, indicating that, on 

average, there were 0.6 more new prescriptions started each month for every 1,000 beneficiaries in 

affected areas compared to non-affected areas during the year following the hurricane.

A similar pattern was observed for antipsychotic prescriptions involving dosage increases. Among 

beneficiaries in hurricane-affected counties, the number of antipsychotic dosage increase prescriptions per 
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11

month ranged from 4.5 to 6.3 for every 1,000 individuals, with an average of 5.7 over the 12-month 

period following landfall. In contrast, in non-affected counties, monthly rates ranged from 4.7 to 5.9, with 

an average of 5.2 per 1,000 beneficiaries. The absolute difference between the two groups was 0.5, 

indicating that, on average, there were 0.5 more dosage increase prescriptions for antipsychotics each 

month for every 1,000 beneficiaries in affected areas compared to those in non-affected areas throughout 

the year after the hurricane.

Discussion

This study evaluated the association between recent large-scale hurricanes and receipt of antipsychotic 

prescriptions among people living with dementia. We found increases in both new prescriptions and 

changes in dosage for antipsychotics when examining these three hurricanes together, with the substantial 

increases seen after Hurricane Harvey. Hurricane Harvey remains one of the most catastrophic disasters 

of this century, with wind gusts up to 145mph, unprecedented rain (up to five feet of rain was recorded in 

some places), and subsequent flooding occurring over several days.19, 20 The resultant effects of the 

hurricane led to substantial infrastructure disruption, with over 20 temporary hospital closures and over 

300,000 customers without power for up to two weeks in the Houston, Texas area.20 During Hurricane 

Irma and Florence, damages were associated with high winds and storm surge, and concentrated in less 

urban areas, which did not result in the same prolonged impact as in Harvey.

Throughout the response and recovery period, people living with dementia and their caregivers may 

experience loss of functioning of both the community and their home, and with this, a disruption in 

normal routine. Limited prior evidence has described the impacts of disasters on people living with 

dementia, with several studies finding that disasters have a negative effect on the health of patients with 

dementia,21 including increased hospitalizations and mortality,22-24 and have described challenges during 

evacuations.4, 25 This study highlights the immediate need for prioritization of emergency and disaster 

planning that targets the unique challenges faced by people living with dementia and their caregivers. The 
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12

potential implications of increased antipsychotic prescriptions, in terms of safety and quality of care, are 

especially important given the known risks associated with antipsychotic use in people living with 

dementia.

It is possible that beneficiaries who migrated prior to or after the hurricane might have different outcomes 

based on factors we were not able to adjust for in our analysis. To be certain migration patterns were not 

driving estimates, we conducted sub-analyses by limiting our sample to beneficiaries who did not migrate 

out of their county or residence for the entire 12-month period. Our findings in this population showed a 

higher rate of new prescriptions and dosage increases. These estimates might also have captured long-

term effects from continued “exposure” to a county with a disaster declaration. 

This study was not without limitations. The study population included beneficiaries with traditional 

Medicare and Medicare Part D prescription coverage, which may limit generalizability (e.g., Medicare 

Advantage enrollees or those without Part D coverage). Further, using the Research Triangle Institute 

Race Code has its own limitations, including not differentiating non-Hispanic Black and Hispanic Black 

patients. Given that our study found a higher rate of new antipsychotic prescriptions in the exposed 

counties, the observed higher counts of dosage increases may be at least partially driven by titration 

following the initiation of new psychotropics, rather than by dose increases in patients already on a stable 

regimen. Prescription medication claims may include overestimates of medication exposure, in cases 

where prescriptions were filled but not used, and may also underestimate exposure if insurance claims 

were not filed for prescription expenses. Finally, as with all observational studies, the possibility of 

residual confounding cannot be ruled out, although we have adjusted for as many relevant factors as 

possible. Nevertheless, there is an important need for continued research on the trends of prescribing of 

psychotropic medications among people living with dementia during both disaster and post-disaster 

settings. Knowledge of prescribing patterns for older adults with ADRD can better inform short and long-

term disaster planning for this unique population. 
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Conclusion

Extreme weather events such as hurricanes continue to have devastating effects on affected communities. 

Populations that are most in need of complex healthcare, such as those with dementia, are typically the 

most affected by the disruption from these events, highlighting the importance of consistent access to 

healthcare and appropriate use of psychotropic medications during the disaster response and recovery 

periods. Components of readiness for populations living with dementia should be adequate, equitable, 

efficient, and as individualized as possible to facilitate care and treatment in the event of a disaster.
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Tables and Figures

Table 1. Characteristics of ADRD populations exposed to a hurricane vs unexposed

Exposed Unexposed p-valuea

Unique Beneficiaries, n 32,982 37,325

Beneficiaries taking Antipsychotics, n

  Begin New Prescription 2,292 2,354

  Dosage Increases 1,572 1,638

Sociodemographic characteristics

  Age in years, Mean (SD) 81.5 (8.0) 81.0 (7.9) <0.001

  Sex, n (%) 0.007

    Male 11,107 (33.7) 12,211 (32.7)

    Female 21,875 (66.3) 25,114 (67.3)

  Race and Ethnicity, n (%)

    White 24,170 (73.3) 27,851 (74.6) <0.001

    Black 3,435 (10.4) 4,689 (12.6) <0.001

    Hispanic 4,463 (13.5) 4,039 (10.8) <0.001

    Other/multiple 914 (2.8) 746 (2.0) <0.001

  Low Income Subsidy, n (%) 0.033

  Eligible for low-income subsidy at least once 12,850 (39.0) 14,836 (39.8)

  Never Eligible for low-income subsidy 20,132 (61.0) 22,489 (60.3)

Number of Elixhauser comorbidities, Mean (SD) 2.0 (3.3) 1.9 (3.1) <0.001

Abbreviations: ADRD, Alzheimer’s disease and related dementias; SD, standard deviation.

a: chi-squared test used to compare proportions; t-test used to compare means
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Table 2. Number of ADRD Beneficiaries (12-month post-hurricane) taking antipsychotics with at least one of the 

prescription outcomes

Exposed Unexposed

All Hurricanes, n (%)

Begin New Prescription 2292 (6.9) 2354 (6.3)

Increase in Dosage 1572 (4.8) 1638 (4.4)

Total Beneficiaries a 32,982 37,325

Harvey, n (%)

Begin New Prescription 393 (6.7) 990 (5.6)

Increase in Dosage 243 (4.1) 663 (3.8)

Total Beneficiaries a 5,902 17,585

Irma, n (%)

Begin New Prescription 1587 (7.2) 639 (7.2)

Increase in Dosage 1111 (5.0) 452 (5.1)

Total Beneficiaries a 22,183 8,899

Florence, n (%)

Begin New Prescription 312 (6.4) 725 (6.7)

Increase in Dosage 218 (4.5) 523 (4.8)

Total Beneficiaries a 4,897 10,841

Abbreviations. ADRD, Alzheimer’s disease and related dementia.

 a Entire study population of beneficiaries who initiated any class of psychotropic medication during the 12-month 

post-hurricane period. 
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Figure 1. Study Cohort Diagram

Alt Text: Flowchart diagram showing participant selection. Boxes represent inclusion/exclusion criteria 

and cohort subgroups, connected by arrows indicating progression from initial sample to final sample.

Figure 2. Map of Exposed Counties for Hurricane Harvey, Irma, and Florence

Alt Text: Choropleth map of Southern U.S. counties shaded in varying blues to represent data values. 

States include Texas, Georgia, Florida, and others. No labels or patterns shown.

Figure 3. Forest Plot for (a) New Prescriptions and (b) Dosage Increase Prescriptions.

Alt Text: Forest plot showing incident rate ratio (IRR) in exposed vs. unexposed counties (12-month post-

hurricane) for (a) new antipsychotic prescriptions, and (b) dosage increase prescriptions.
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Figure 1. Study Cohort Diagram 

Alt Text: Flowchart diagram showing participant selection. Boxes represent inclusion/exclusion criteria and 

cohort subgroups, connected by arrows indicating progression from initial sample to final sample. 
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Map of Exposed Counties for Hurricane Harvey, Irma and Florence 
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Figure 3. Forest Plot for (a) New Prescriptions and (b) Dosage Increase Prescriptions. 

Alt Text: Forest plot showing incident rate ratio (IRR) in exposed vs. unexposed counties (12-month post-

hurricane) for (a) new antipsychotic prescriptions, and (b) dosage increase prescriptions. 
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