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Abstract
Background The prevalence of large-scale natural and biological disasters has increased in recent years and can have detrimental
impacts on health. Some populations are more susceptible to these impacts, including medically vulnerable populations. The
purpose of this study was to evaluate the association between medically vulnerable populations and perceived emergency
preparedness status.
Methods This study used 2010 and 2012 Behavioral Risk Factor Surveillance System data (n = 33,852). Participants were
classified into four exposure groups related to medical vulnerability for each of three chronic diseases. The outcome was based
on responses to a question that asked how prepared the individual’s household was to handle a large-scale disaster or emergency.
Logistic regression was used to assess the medical vulnerability-preparedness association.
Results In adjusted analyses, individuals who were considered medically vulnerable had approximately 40% decreased odds of
feeling prepared (OR range 0.61–0.64) compared to individuals without chronic diseases and disabilities.
Conclusions Public health professionals should direct their efforts toward medically vulnerable individuals and their prepared-
ness statuses. This study further solidifies the need for community partnerships between medical, emergency, and public health
professionals to help individuals prepare for future emergencies.
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Introduction

Natural and biological disasters are emergency events that
generally impact a large geographic community of people at
once (United Nations [UN] 2009). Natural disasters include
earthquakes, volcanic eruptions, landslides, tsunamis, floods,
and droughts, and they can cause environmental damage, so-
cial and economic disruption, property damage, loss of life,
injury, or other negative health impacts (UN 2020). In 2015,
more than 370 events were registered as meeting this

definition of large-scale natural disaster emergencies (Guha-
Sapir et al. 2012). It was estimated that the United States
(U.S.) bore more than $300 billion in damage in 2017, which
was considered the highest annual cost on record (National
Oceanic and Atmospheric Administration [NOAA] 2020).
Additionally, biological threats of a global outbreak of an
infectious disease such as SARS, H1N1, and more recently
COVID-19, have impacted the world. Globally, the COVID-
19 pandemic has reached the far corners of the earth with
86,532,134 known cases and 1,871,100 deaths (Johns
Hopkins University and Medicine 2021). In the U.S. in
2020, over 28 million cases of COVID-19 were diagnosed
and over 300,000 deaths occurred (National Center for
Immunization and Respiratory Diseases [NCIRD] 2020). In
addition to the morbidity and mortality associated with
COVID-19, the economic disruption associated with the pan-
demic has been staggering with the unemployment rate in the
U.S. reaching a high of nearly 15% in April 2020, the highest
level since the Great Depression (Bureau of Labor Statistics
2020). As the frequency and severity of both natural and
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biological disasters continue to increase annually, adequate
emergency preparedness can minimize the impact of these
disasters, especially for individuals highly susceptible to harm
(Smith and Notaro 2015; O’Sullivan and Phillips 2019;
Shapira et al. 2020).

Diminished health status in individuals has been associated
with poor outcomes in the event of an emergency, including
difficulty accessing emergency services (Shapira et al. 2020;
O’Sullivan and Phillips 2019; Nick et al. 2009). People with
chronic health diseases, such as hypertension, diabetes, or
asthma, are at an increased risk of adverse health outcomes
in the face of natural and biological disasters, and this risk
increases exponentially with the severity of the event (Smith
and Notaro 2015; Shapira et al. 2020). In 2012, it was esti-
mated that nearly half of all adults in the U.S. (117 million
people) suffered from at least one chronic disease, and one in
four U.S. adults had multiple chronic conditions (Ward et al.
2014). Despite known increased risks of morbidity associated
with those chronic conditions, research has not found that
individuals with chronic conditions have increased levels of
preparedness (Ko et al. 2014; Shapira et al. 2020). Ko et al.
(2014) investigated the relationship between chronic diseases
and general emergency preparedness in the U.S. They report-
ed that despite individuals with chronic conditions needing
specialized medical needs after a disaster, they were not better
prepared for such events compared to those without chronic
diseases.

Outside of medical chronic diseases, it is estimated that one
in five Americans (approximately 53 million people) has
some type of disability (i.e., visually impaired, hard-of-hear-
ing) that makes it difficult for them to carry out daily activities
(Centers for the Disease Control and Prevention [CDC] 2015).
Smith and Notaro (2015) examined general preparedness for
emergencies among persons with disabilities compared to
those without disabilities. The study reported that persons
with a disability were 1.22 times more likely to be unprepared
for an emergency compared to persons without a disability
(Smith and Notaro 2015). These results suggest that people
with a disability may also be disproportionately at risk when
facing natural and biological disasters.

In 2005, Hurricane Katrina demonstrated that people with
medical needs, including both chronic diseases and disabil-
ities, were subject to increased harm in the event of an emer-
gency. After the hurricane, 31.5% of Emergency Department
visits during this disaster were related to chronic diseases
(Sharma et al. 2008). Reasons for these visits included medi-
cation refills and maintenance for assistive technology or
equipment for people with disabilities, and together these
visits comprised more of the emergency department visits
overall compared to visits due to injuries [29%] (Sharma
et al. 2008).While research related to the COVID-19 pandem-
ic is still forthcoming, individuals with disabilities may have
had increased disruptions in receiving prescriptions and other

medical equipment and supplies during the pandemic
(Alexander and Qato 2020). This evinces that chronic diseases
and disabilities may both be risk factors for increased morbid-
ity, mortality, and costs in the event of natural and biological
disasters.

Emergency preparedness is a common concern among
countries with studies comparing responses and programs in
order to update and improve their reactions during a crisis
(Kruk 2008; Moore et al. 2007; Shapira et al. 2020).
However, despite international interest, the current literature
is limited because it does not address the most vulnerable
population of individuals who have both chronic disease and
disability—i.e., the medically vulnerable. These individuals
may be at the highest risk for morbidity due to the relationship
between suffering from both chronic diseases and disabilities
(Aldrich and Benson 2008). Exploring the combination of
chronic diseases and disabilities can be of public health im-
portance because it may increase the knowledge of emergency
preparedness efforts for the most vulnerable populations,
since individuals who believe that preparedness measures
are important are more likely to adopt them (Wood et al.
2012). Thus, the purpose of this study was to evaluate the
association between medically vulnerable populations and
the status of emergency preparedness.

Methods

Study design, population, and participants

This cross-sectional study included a population-based sam-
ple of U.S. adults, selected from the 2010 and 2012
Behavioral Risk Factor Surveillance System (BRFSS). The
BRFSS is a state-based surveillance system conducted by
each state’s health department in collaboration with the CDC
(2020). It is a random-digit dialed telephone survey that aims
to collect uniform, state-specific data on preventive health
practices and risk behaviors in a non-institutionalized adult
population (aged ≥18 years) in all 50 states, as well as the
District of Columbia and three U.S. territories (Puerto Rico,
Guam, and the U.S. Virgin Islands) (CDC 2020). Trained
interviewers collect data using a standardized questionnaire
consisting of three parts: (1) core questions asked in all 50
states, the District of Columbia, and the three U.S. territories;
(2) supplemental modules that a state can opt to include in its
survey (e.g., questions on specific topics such as asthma his-
tory, mental health, or general preparedness); and (3) ques-
tions added by the states individually.

The Preparedness Module was included in the BRFSS as
an optional module and was only used in 2010 and 2012
(CDC 2010, 2012). During those years, the states of
Alabama, Montana, and North Carolina used this optional
module. Thus, this analysis only considered study participants
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from these states (n = 35,547). Individuals were excluded if
they were missing information on general preparedness (n =
578). Additionally, individuals who were missing information
for any of the five chronic conditions (diabetes [n = 23], stroke
[n = 106], heart disease [n = 241], previous heart attack [n =
127], and asthma [n = 110]), insurance status (n = 109), use of
special equipment (n = 23), race/ethnicity (n = 235), marital
status (n = 71) or education level (n = 49) were also excluded.
Thus, 33,852 participants were available for analysis.

Medically vulnerable assessment

Research demonstrates that in the context of disasters,
med ica l ly vu lne rab le popu la t ions a re a f fec ted
incommensurately to other populations (Bethel et al.
2011; Shapira et al. 2020). These individuals may be “at
risk” and require more resources in disaster situations,
with chronic health conditions playing a role. Previous
research has typically categorized medically vulnerable
as individuals with a disability or a chronic disease
(Bethel et al. 2011). However, individuals with both a
disability and a chronic disease may be more likely to
suffer adverse outcomes during an emergency situation.
Thus, this study classified medically vulnerable based on
responses to chronic disease status and disability. This
unique configuration represents a novel approach that at-
tempts to address how disability and chronic disease may
affect perceived preparedness.

In the core BRFSS standardized questionnaire, participants
were asked “Have you ever been told by a doctor or nurse that
you have any of the following: myocardial infarction (heart
attack); stroke; chronic heart disease (CHD); asthma; or dia-
betes.” Participants were classified as having a chronic disease
if they responded “yes” to any of the above aforementioned
chronic diseases. Additionally, participants responded to the
question: “Do you now have any health problem that requires
you to use special equipment, such as a cane, a wheelchair, a
special bed, or a special telephone? (Include occasional use or
use in certain circumstances).” Participants were classified as
having a disability if they responded “yes” to the above
question.

Based on the participants’ responses, four groups were
created. Group 1, labeled as “Medically Vulnerable,” in-
cluded participants classified as having both a disability
and a chronic disease. Group 2, labeled as “Chronic
Diseases,” consisted of participants classified as having
only a chronic disease while Group 3, labeled as
“Disability,” comprised participants classified as having
any disability alone. Group 4, labeled “Referent group,”
included participants who did not have a chronic disease
or a disability. This process was iterated individually for
each chronic disease (i.e., history of heart attack, stroke,
chronic heart disease, diabetes, and asthma).

Preparedness assessment

In the years 2010 and 2012, the states of Alabama, Montana,
andNorth Carolina used the optional module on preparedness.
To assess the general perceived preparedness outcome, partic-
ipants were asked “How well prepared do you feel your
household is to handle a large-scale disaster or emergency?”.
The responses for this question were “Well prepared,”
“Somewhat prepared,” or “Not prepared at all.” Individuals
who responded “Well prepared” or “Somewhat prepared”
were considered to have the outcome (i.e., preparedness).
Participants who stated “Not prepared at all” were considered
to not have the outcome.

Assessment of potential confounders

Sociodemographic variables such as race/ethnicity, age, sex,
marital status, annual income, health insurance status, and
education level were obtained from the BRFSS questionnaire
and considered to be potential confounders of the medical
vulnerability-preparedness association (Ablah et al. 2009;
Bethel et al. 2011; Ko et al. 2014).

Statistical analysis

Frequencies and percentages were used to describe the sam-
ple’s demographic characteristics, reported medical vulnera-
bility, and preparedness. Logistic regression was used to as-
sess the crude association between medical vulnerability and
general preparedness. In addition, other factors associated
with preparedness were identified. Multivariate logistic re-
gression was used to obtain adjusted odds ratios (OR) and
95% confidence intervals (CI). Final models included con-
founders that changed the magnitude of the relationship be-
tween the exposure and outcome by 10% ormore (Maldonado
and Greenland 1993). All analyses were conducted using
SAS-callable SUDAAN to account for the complex sampling
design of the BRFSS weighted sampling.

Results

The majority of participants were non-Hispanic white
(72.0%), married (58.83%), females (51.95%), ages 65 and
older (18.71%), and highly educated (30.69% with a college
education; Table 1). Nearly 86% of the total participants re-
ported feeling prepared for a large-scale disaster or emergen-
cy. Medical vulnerability ranged from a high of 21.69%
(asthma) to a low of 12.66% (heart attack). Asthma and stroke
were chronic diseases with the highest frequencies (15.79%
and 13.48%, respectively).

Participants who were non-Hispanic black (OR = 0.69,
95% CI 0.60–0.80), Hispanic (OR = 0.49, 95% CI 0.36–
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Table 1 Variables of respondents, BRFSS 2010 and 2012

Variables Frequency (n) Weighted %

Total 33,852 100

Vulnerable 1

Heart attack and uses equipment 667 1.30

Heart attack does not use equipment 2016 3.92

No heart attack and uses equipment 3371 7.44

No heart attack and does not use equipment 27,798 87.33

Vulnerable 2

CHD and uses equipment 846 1.75

CHD and does not use equipment 1808 4.41

No CHD and uses equipment 3192 7.00

No CHD and does not use equipment 28,006 86.84

Vulnerable 3

Stroke and uses equipment 1775 3.35

Stroke and does not use equipment 5263 10.13

No stroke and uses equipment 2263 5.40

No stroke and does not use equipment 24,551 81.12

Vulnerable 4

Asthma and uses equipment 1242 2.85

Asthma and does not use equipment 4483 12.94

No asthma and uses equipment 2796 5.90

No asthma and does not use equipment 25,331 78.31

Vulnerable 5

Diabetes and uses equipment 1295 2.84

Diabetes and does not equipment 3682 8.75

No diabetes and uses equipment 2743 5.91

No diabetes and does not use equipment 26,132 82.50

Race

Non-Hispanic white 27,132 72.00

Non-Hispanic black 3751 17.85

Hispanic 693 4.64

Other 2276 5.51

Sex

Male 12,980 48.05

Female 20,872 51.95

Education

Less than HS 3378 13.08

HS graduate 10,335 30.59

Some college 9408 28.91

College graduate 10,731 30.69

Marital status

Married 18,820 58.83

Divorced/separated 5590 11.83

Widowed 4931 6.53

Never married 3909 20.01

Member of unmarried couple 602 2.73

Age

18–24 1236 12.38

25–34 2985 16.30

35–44 4212 16.67
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0.66), or other with regard to race/ethnicity (OR = 0.63, 95%
CI 0.44–0.82) had approximately 40% to 50% decreased odds
of being prepared compared to non-Hispanic white partici-
pants (Table 2). Males had approximately 1.4 times the odds
of being prepared compared to females (95% CI 1.22–1.55).
Individuals who were considered the most medically vulner-
able (those who had a chronic condition and a disability) had a
36% to 39% decreased odds of being prepared compared to
individuals in the referent group, and these findings were sta-
tistically significant for all chronic conditions except for a
history of heart attack (most medically vulnerable, CHD:
OR = 0.61, 95% CI 0.46–0.82, most medically vulnerable,
stroke: OR = 0.63, 95% CI 0.51–0.77, most medically vulner-
able, asthma: OR = 0.64, 95% CI 0.50–0.81, most medically
vulnerable, diabetes: OR = 0.62, 95% CI 0.47–0.80).

After adjusting for education, income, and age, the magni-
tude of the associations for the most vulnerable category
(chronic disease and disability requiring the use of assistive
equipment) and preparedness remained largely unchanged
(Table 3). Specifically, medically vulnerable individuals had
statistically significant decreased odds of preparedness for
nearly all of the chronic conditions investigated compared to
those who did not have a history of the five chronic conditions
combined with the use of special equipment (CHD OR 0.61,
95% CI 0.46–0.82, stroke OR 0.63, 95% CI 0.51–0.77, asth-
ma OR 0.54, 95% CI 0.43–0.69, and diabetes OR 0.61 95%
CI 0.48–0.77; Table 3). While individuals who were

medically vulnerable for the heart attack condition also had
decreased odds of preparedness, this finding was not statisti-
cally significant (OR 0.73, 95% CI 0.50–1.06). Individuals
who had a chronic disease alone, without the use of assistive
equipment, also had decreased odds of preparedness; howev-
er, these results were only significant for heart attack and CHD
(OR 0.79, 95%CI 0.66–0.93 and OR 0.81, 95%CI 0.67–0.97,
respectively).

Discussion

Main findings of this study

The purpose of this study was to evaluate the association
between medically vulnerable populations and emergency
preparedness. After adjustment for confounders, medically
vulnerable individuals for all the conditions studied had de-
creased odds of general preparedness compared to individuals
without chronic disease or disability.

What is already known on this topic

The results of this study are consistent with the literature in-
dicating that, despite being the most vulnerable and often hav-
ing distinctive needs that might require more time and plan-
ning in the event of a disaster (Federal Emergency

Table 1 (continued)

Variables Frequency (n) Weighted %

45–54 6212 17.57

55–64 8103 18.37

≥65 11,104 18.71

Income

<$15,000 4022 9.92

$15,000–$25,000 5877 15.87

$25,000–$35,000 3863 10.27

$35,000–$50,000 4720 12.52

>$50,000 11,061 35.87

Do not know/missing 4309 15.54

Health insurance status

Yes 29,448 81.38

No 4404 18.62

States

Alabama 14,488 58.32

North Carolina 11,162 29.34

Montana 8202 12.33

General preparedness

Yes 28,834 85.23

No 5018 14.77
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Table 2 Odds ratios and 95% CI associations between selected SES variables and preparedness, 2010 and 2012 BRFSS

Variables OR Lower 95% CI Upper 95% CI

Vulnerable 1

Heart attack and uses equipment 0.74 0.51 1.06

Heart attack does not use equipment 1.11 0.86 1.44

No heart attack and uses equipment 0.79 0.67 0.93

No heart attack and does not use equipment (referent) 1.00 1.00 1.00

Vulnerable 2

CHD and uses equipment 0.61 0.46 0.81

CHD and does not use equipment 0.86 0.69 1.06

No CHD and uses equipment 0.82 0.69 0.98

No CHD and does not use equipment (referent) 1.00 1.00 1.00

Vulnerable 3

Stroke and uses equipment 0.64 0.52 0.78

Stroke and does not use equipment 0.92 0.79 1.07

No stroke and uses equipment 0.87 0.80 1.08

No stroke and does not use equipment (referent) 1.00 1.00 1.00

Vulnerable 4

Asthma and uses equipment 0.54 0.43 0.69

Asthma and does not use equipment 0.70 0.60 0.82

No asthma and uses equipment 0.87 0.72 1.05

No asthma and does not use equipment (referent) 1.00 1.00 1.00

Vulnerable 5

Diabetes and uses equipment 0.61 0.48 0.77

Diabetes and does not equipment 1.05 0.88 1.25

No diabetes and uses equipment 0.89 0.73 1.08

No diabetes and does not use equipment (referent) 1.00 1.00 1.00

Race

Non-Hispanic white (referent) 1.00 1.00 1.00

Non-Hispanic black 0.69 0.60 0.80

Hispanic 0.49 0.36 0.66

Other 0.63 0.44 0.82

Sex

Male 1.38 1.22 1.55

Female (referent) 1.00 1.00 1.00

Education

Less than HS 0.38 0.32 0.45

HS graduate 0.71 0.61 0.82

Some college 0.68 0.59 0.80

College graduate (referent) 1.00 1.00 1.00

Marital status

Married (referent) 1.00 1.00 1.00

Divorced/separated 0.60 0.53 0.69

Widowed 1.10 0.93 1.30

Never married 0.72 0.61 0.86

Member of unmarried couple 0.56 0.38 0.81

Age

18–24 0.52 0.40 0.68

25–34 0.48 0.40 0.58

35–44 0.43 0.37 0.51

45–54 0.61 0.53 0.71
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Table 2 (continued)

Variables OR Lower 95% CI Upper 95% CI

55–64 0.73 0.63 0.85

≥65 (referent) 1.00 1.00 1.00

Income

<$15,000 0.34 0.29 0.40

$15,000–$25,000 0.44 0.37 0.52

$25,000–$35,000 0.57 0.46 0.70

$35,000–$50,000 0.74 0.60 0.90

>$50,000 (referent) 1.00 1.00 1.00

Do not know/missing 0.84 0.68 1.03

State

North Carolina (referent) 1.00 1.00 1.00

Montana 1.27 1.14 1.42

Alabama 1.16 1.04 1.31

Health insurance status

Yes (referent) 1.00 1.00 1.00

No 0.59 0.48 0.72

Table 3 Adjusted odds ratios of
medically vulnerable and
preparedness, BRFSS 2010 and
2012

Variables Adjusted OR (95% CI)

Vulnerable 1

Heart attack and uses equipment 0.73 (0.50–1.06)

Heart attack does not use equipment 0.94 (0.73–1.22)

No heart attack and uses equipment 0.79 (0.66–0.93)

No heart attack and does not use equipment (referent) 1.00

Vulnerable 2

CHD and uses equipment 0.61 (0.46–0.82)

CHD and does not use equipment 0.78 (0.62–0.97)

No CHD and uses equipment 0.81 (0.67–0.97)

No CHD and does not use equipment (referent) 1.00

Vulnerable 3

Stroke and uses equipment 0.63 (0.51–0.77)

Stroke and does not use equipment 0.87 (0.74–1.01)

No stroke and uses equipment 0.86 (0.69–1.07)

No stroke and does not use equipment (referent) 1.00

Vulnerable 4

Asthma and uses equipment 0.64 (0.50–0.81)

Asthma and does not use equipment 0.81 (0.70–0.95)

No asthma and uses equipment 0.83 (0.68–1.01)

No asthma and does not use equipment (referent) 1.00

Vulnerable 5

Diabetes and uses equipment 0.62 (0.47–0.80)

Diabetes and does not equipment 0.93 (0.77–1.11)

No diabetes and uses equipment 0.87 (0.72–1.05)

No diabetes and does not use equipment (referent) 1.00
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Management Agency [FEMA] 2004), people who have
chronic diseases and disabilities do not perceive themselves
to be anymore prepared for an emergency than people without
chronic diseases and disabilities (Bethel et al. 2011; Ko et al.
2014). For example, Bethel et al. (2011) used 2006–2008
BRFSS data from select states and demonstrated that individ-
uals with fair/poor perceived health, a disability, and three or
more chronic diseases had decreased odds of reporting that
they had household preparedness items compared to individ-
uals who were healthier. While the current study’s results are
congruent with previous studies, it is important to note that the
current study considered chronic diseases combined with a
disability while previous studies considered chronic diseases
alone or disabilities alone (Smith and Notaro 2015; Bethel
et al. 2011). It is possible that those who are “most vulnerable”
have additional challenges because they have a history of a
major medical condition in addition to requiring the use of
special equipment. This may be a factor when responding as
to whether they perceived themselves prepared or not; it is
plausible that those who are most vulnerable have a greater
time burden placed on them when performing day-to-day ac-
tivities as a result of their condition, leaving less time for
preparedness. Conversely, those who are most vulnerable
could have a heightened sense of needing to be prepared but
feel psychologically “less prepared.”

Limitations of this study

This study has multiple limitations and strengths. Selection
bias cannot be ruled out because the response rate of BRFSS
was relatively low in both 2010 and 2012, during which the
median response rates were 54.6% and 45.2%, respectively
(CDC 2010, 2012). Despite the low response rates, the
BRFSS has response rates comparable to similar surveys
(CDC 2012). Nondifferential misclassification may have oc-
curred for both the exposure and outcome. The exposure,
medical vulnerability, was categorized using self-reported re-
sponses to multiple questions. Since the BRFSS does not ob-
tain detailed medical histories, survey data may not accurately
reflect the breadth of these major medical conditions and their
severity or impact on individuals. Likewise, respondents’ use
of special equipment may be unrelated to their medical con-
ditions. In addition, individuals may not have wanted to dis-
close that they required additional assistance. In regard to the
outcome, it is important to note that BRFSS asked only one
question on perceived preparedness, and this particular ques-
tion was only selected to be part of the survey by a few states
in 2010 and 2012. Likewise, social desirability may have con-
tributed to individuals answering that they were more pre-
pared for emergencies. If this type of misclassification oc-
curred, it would likely bias the results toward the null. The
possibility of information bias was reduced since trained in-
terviewers conducted the survey. While recognizing the

preparedness question was only asked by a few states in
2010 and 2012, given the large sample size and complex sam-
pling design used by BRFSS, the results may be generalized to
the states analyzed in this study and possibly to the entire U.S.
population.

What this study adds

This study has significant implications for the global public
health community, particularly given the COVID-19 pandem-
ic. To our knowledge, this is the first study to combine dis-
ability (as defined by the use of special equipment) and the
presence of chronic conditions in the context of emergency
preparedness. As both the severity and frequency of adverse
events increase due to factors such as climate change and the
emergence of new infectious disease including COVID-19,
further research in this area will be warranted. This is partic-
ularly important given that the preparedness module has not
been included as part of the BRFSS since 2012. Public health
professionals should direct their efforts toward medically vul-
nerable individuals and their preparedness statuses.
Disseminating educational materials to medically vulnerable
populations may be beneficial for increasing their prepared-
ness efforts. This study further solidifies the need for partner-
ships between medical, emergency, and public health
personnel.
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