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NON–PEER REVIEWED 

Preventing Chronic Disease (PCD) initiated its first Student Paper 
Contest in 2011 (1). Since that time, the journal has received hun-
dreds of student research papers from around the world. Last year, 
PCD celebrated its 10-year anniversary of building scientific pub-
lishing skills and abilities among students (2). Research mentors 
have used this journal as an avenue to introduce their students to 
the rigors of generating scholarly writings that focus on conceptu-
alizing research; collecting, analyzing, and reporting data; and dis-
cussing the public health implications of research findings. Since 
2011, regardless of whether papers are accepted, PCD has 
provided students with extensive feedback on their submissions. 

Goals and Submission Requirements 
Eligibility for PCD’s student paper contest has evolved over the 
years (2). Participants must be currently enrolled students or have 
completed one of the following programs within the last 12 
months: high school, undergraduate or graduate degrees, medical 
residency, or a postdoctoral fellowship conducted under the super-
vision of a principal investigator or research advisor. PCD also re-
quires that the student author serve as the first and corresponding 
author. PCD only accepts original research that has not been pub-
lished previously or submitted elsewhere for publication. Papers 
submitted for consideration must use one of two PCD article 
types: Original Research or GIS Snapshots. 

Over the years, PCD has refined the purpose of the student re-
search publication opportunity to include these 5 primary goals 
(3): 

• Provide students with an opportunity to become familiar with a journal’s 

manuscript submission requirements and peer-review process 

• Assist students in connecting their knowledge and training on conducting 

quality research with a journal’s publication expectations 

• Develop students’ research and scientific writing skills to become producers
of knowledge rather than just consumers of knowledge

• Provide students with an opportunity to become a first author on a peer-re-
viewed article 

• Promote supportive, respectful, and mutually beneficial student–mentor re-
lationships that strengthen students’ ability to generate and submit schol-
arly manuscripts throughout their professional careers

2022 Winners and Submissions 
Sixteen student research papers were submitted for the contest in 
2022, and all submissions underwent the same peer-review pro-
cess as any other manuscript submitted to the journal for consider-
ation. Eight of the 16 papers were successful in making it through 
a rigorous review process before being accepted for publication 
(4–11). Student research papers addressed a range of topics: 
COVID-19 and various aspects of health, food insecurities among 
caregivers in southern states, the relationship between physical 
activity and depression among high school students, perceptions of 
neighborhood development on active living among community 
residents, use of a cancer index as a predictor of common cancers, 
and spatial analysis of breast cancer mortality rates in rural states. 
PCD is pleased to announce 2022 student paper winners in 4 cat-
egories: high school, undergraduate, master’s degree, and doctoral 
degree. After careful review, PCD did not select a winner in the 
postdoctoral category. 
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In the high school category, Wang and coauthors of the article 
“Association Between Physical Activity and Sedentary Behavior 
With Depressive Symptoms Among US High School Students, 
2019” point out that depression among high school students has 
increased over the past decade (4). Their research analyzed 2019 
data from the Youth Risk Behavior Survey that consisted of 
13,526 high school students. They found that increased exposure 
to computer or device use was associated with higher odds of in-
adequate physical activity and excessive sedentary behavior and 
depressive symptoms. Their findings suggest the importance of 
public health interventions that focus on implementing physical 
activity to reduce risk of depression among high school students. 

This year’s winning paper in the undergraduate category was gen-
erated by Creech et al: “Physical Activity Among Adults in Rural 
Western North Carolina During the COVID-19 Pandemic” (5). 
This article examines the locations, reasons, benefits, and barriers 
to engaging in physical activity among adults living in rural com-
munities during the COVID-19 pandemic. Using nonparametric 
measures, authors identified that, among a sample of 297 adults, 
most engaged in physical activity at home, in parks, and in neigh-
borhoods. Primary reasons for participating in physical activity in-
cluded getting out of the house, maintaining mental health, and en-
gaging in some form of physical activity. 

Schulz and colleagues’ article, “Spatial Analysis of Breast Cancer 
Mortality Rates in a Rural State,” is the winner in the master’s de-
gree category (6). This article reports findings from a study in 
South Dakota that assessed what sociodemographic factors con-
tribute to mortality rates and, using spatial analysis, explored how 
counties’ observed age-adjusted mortality rates compared with ex-
pected rates. A linear regression model was used to identify so-
ciodemographic factors associated with breast cancer mortality 
rates and to compute new standardized incidence ratios (SIRs), 
after controlling for significant factors affecting mortality. Find-
ings indicated that educational level and breast cancer incidence 
rates were significant factors associated with breast cancer mortal-
ity rates at the county level. Authors also used the SIR model to 
show the spatial distribution of mortality rates by county. 

Seto and coauthors of the article “Differences in COVID-19 Hos-
pitalizations by Self-Reported Race and Ethnicity in a Hospital in 
Honolulu, Hawaii” were selected as winners in the doctoral cat-
egory (7). Pointing out that COVID-19 has exacted a tremendous 
toll on racial and ethnic groups in the US, they sought to identify 
the extent to which race and ethnicity were misclassified in 
COVID-19 hospitalizations. They assessed the responses of 847 
patients at randomly selected hospital and ambulatory units who 
completed a survey that asked them to self-identify their race and 
ethnicity and compared their responses with data in electronic 

medical records (EMRs). Authors found that using self-identified 
data on race and ethnicity rather than hospital EMR data may help 
uncover further disparities in COVID-19 hospitalizations. 

PCD congratulates this year’s impressive winners. In addition, we 
invite you to join us in celebrating all student authors who submit-
ted manuscripts to the contest, regardless of whether their 
manuscripts were accepted. We hope all student authors who sub-
mitted papers gained a tremendous amount of experience serving 
as first and corresponding authors and gained more knowledge of 
journal submission guidelines and in the correspondence process 
with the journal’s editor in chief, peer reviewers, associate editors, 
and technical editors. 

In closing, PCD is proud to release its 2023 Student Paper Contest 
call for papers. PCD is interested in student research papers relev-
ant to the prevention, screening, surveillance, or population-based 
intervention of chronic diseases, including but not limited to arth-
ritis, asthma, cancer, depression, diabetes, obesity, and cardiovas-
cular disease. PCD is also interested in papers in these areas that 
explore the role of social determinants of health to include the im-
pact of racism in shaping health outcomes. Readers are asked to 
encourage students at the high school, undergraduate, master’s, 
and doctoral levels, as well as medical residents and postdoctoral 
fellows, to submit a student research paper to the journal for con-
sideration.  Students  are encouraged to submit  an inquiry 
(www.cdc.gov/pcd/for_authors/submit_inquiry.htm) to the journ-
al before the submission deadline to determine whether a given 
topic area and research focus align with the intent of the contest. 
For more information about the journal and previous collections of 
student papers, please visit the PCD website at www.cdc.gov/pcd. 
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Summary 

What is already known on this topic? 

The prevalence of depression among US adolescents has increased. De-
pression has severe and potentially lasting effects. Meanwhile, sedentary 
behaviors, such as screen time, limit physical activity and are common 
among US adolescents. 

What is added by this report? 

We used a large, nationally representative sample of US high school stu-
dents to demonstrate that being physically active and spending less time 
on a computer or digital device are significantly associated with reduced 
odds of reporting depressive symptoms. 

What are the implications for public health practice? 

Because adolescence is a crucial time for establishing positive health 
habits, intervention strategies designed to promote physical activity and 
reduce sedentary behaviors among high school students may be warran-
ted to improve the mental health and the general well-being of this popula-
tion. 

Abstract 

Introduction 
The prevalence of depression among US adolescents has in-
creased during the past decade. Previous studies found relation-
ships among physical activity, sedentary behavior, and depression, 
but more recent information is needed to inform research and 
practice. We used national surveillance data to assess the associ-
ation of physical activity and sedentary behavior with depressive 
symptoms among US high school students. 

Methods 
This study included 13,526 high school students from the 2019 
Youth Risk Behavior Survey. The dependent variable was the 
presence of depressive symptoms in the past year that lasted al-
most every day for at least 2 weeks in a row and interfered with 
usual activities. The independent variables were physical activity 
(overall activity, muscle-strengthening exercises, participation on 
sports teams) and sedentary behavior (watching television, using a 
computer or digital device). We used weighted multivariable lo-
gistic regression to evaluate the association of physical activity 
and sedentary behavior variables with depressive symptoms, while 
controlling for demographic characteristics and other health beha-
viors. 

Results 
The prevalence of depressive symptoms was 36.7%. Participating 
in physical activity 5 or more days in the past 7 days (adjusted 
odds ratio [aOR], 0.81; 95% CI, 0.68–0.97) and participating on 1 
or more sports teams in the past year (aOR, 0.66; 95% CI, 
0.55–0.78) were associated with reduced odds of depressive symp-
toms. Using a computer or digital device for 3 or more hours per 
school night was associated with higher odds of reporting depress-
ive symptoms (aOR, 1.61; 95% CI, 1.41–1.85). 

Conclusion 
Inadequate physical activity and excessive sedentary behavior are 
associated with depressive symptoms among US high school stu-
dents. Interventions targeting physical activity and sedentary beha-
vior may be a public health strategy to reduce depressive symp-
toms in this population. 

Introduction 
Depression is a common mental disorder among adolescents that 
is characterized by various psychological symptoms such as per-
sistent sadness, lack of enjoyment, and deterioration of happiness 
(1). These symptoms start to become pronounced during the trans-
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ition to high school in middle adolescence and can lead to lack of 
sleep, disturbance in appetite, a sedentary lifestyle, and even sui-
cide. Depressive symptoms among adolescents in high school 
have been increasing since approximately 2012, with the most dra-
matic increases starting in 2015 (2,3). While increases in depress-
ive symptoms have been noted across many age groups since 
2012, the prevalence of past-year major depressive episodes in-
creased most rapidly among adolescents in high school (aged 
14–17 y) (4,5). These recent trends may be indicative of emergent 
risk factors and mental health problems among adolescents in high 
school. 

Although considerable research has focused on psychological risk 
factors such as stress and traumatic childhood experiences, the re-
lationships among physical activity, sedentary behaviors, and de-
pression is a growing area of interest (6,7). National surveillance 
data indicate that the percentage of adolescents in high school who 
were physically active for at least 60 minutes per day on 5 or more 
days in the past week decreased from 2011 to 2019 (8). Similarly, 
sedentary behaviors such as using digital devices for something 
other than schoolwork, which limits physical activity, also be-
came more common among adolescents in high school during this 
time (9,10). According to the American Academy of Child and 
Adolescent Psychiatry, children aged 8 to 12 years spend roughly 
4 to 6 hours per day observing a screen, and adolescents in high 
school often spend up to 9 hours (11). Excessive screen time can 
lead to inactivity, which then can lead to weight problems, self-
image issues, depressive symptoms, and poor health-related qual-
ity of life (12,13). More recently, the COVID-19 pandemic led to 
decreases in opportunities for regular physical activity and in-
creases in depressive symptoms (14). 

Although many factors contribute to adolescents’ mental well-
being, dietary behavior has been gaining attention as a key factor 
in the prevention and management of depression (15). In addition, 
depressive symptoms among adolescents may also be related to 
factors such as substance use and behaviors that contribute to viol-
ence (eg, feeling unsafe at school, fighting, bullying, cyberbully-
ing), although the relationships may be bidirectional (16–21). For 
example, depression is associated with substance use among males 
during adolescence and young adulthood (21), and exposure to 
acute and chronic stressful events, such as bullying by peers and 
maltreatment, can be associated with depression among adoles-
cents (20). 

Many public health studies have demonstrated associations among 
physical activity, sedentary behaviors, and depressive symptoms 
among high school students, although more recent investigations 
are needed, given recent increases in depressive symptoms among 
adolescents in high school (2–5). A meta-analysis in 2017 showed 
that evaluations of physical activity and depression among US ad-

olescents were gender-specific, focused on only one aspect of 
physical activity or sedentary behavior, or employed small sample 
sizes (22). By analyzing data from a large sample of the most re-
cent (2019) Youth Risk Behavior Survey (YRBS), this study 
provides updated evidence on the associations among multiple as-
pects of physical activity, sedentary behavior, and depressive 
symptoms among adolescents. By using YRBS’s nationally rep-
resentative sample, which accurately represents the characteristics 
of high school students in the US, the results of this study can be 
generalized to all US students in grades 9 through 12 (23). Our 
primary objective was to describe the association between differ-
ent measures of physical activity and sedentary behavior with de-
pressive symptoms among US high school students. We hypothes-
ized that higher levels of physical activity and lower levels of 
sedentary behavior would be associated with lower levels of de-
pressive symptoms after controlling for demographic characterist-
ics. Our secondary hypothesis was that the associations would 
hold after additionally controlling for dietary behaviors, substance 
use, and behaviors that contribute to violence. 

Methods 
Data source and study sample 

The YRBS is a cross-sectional national survey that has been con-
ducted by the Centers for Disease Control and Prevention (CDC) 
since 1991 to monitor health behaviors among US high school stu-
dents. The YRBS follows local procedures for obtaining parental 
permission, and students voluntarily complete the surveys. All re-
sponses to the survey are recorded anonymously on a computer-
scannable questionnaire booklet. CDC’s institutional review board 
approved this protocol for the national YRBS (23). For this study, 
we focused on the 2019 national data set that consisted of 13,526 
high school students in grades 9 through 12. The 2019 sampling 
frame included all regular public, Catholic, and private school stu-
dents, in grades 9 through 12, in the 50 States and the District of 
Columbia. The school response rate was 75.1%, and the student 
response rate was 80.3%. Multiplying these 2 percentages (75.1% 
× 80.3%) together yields an overall response rate of 60.3% (23). 

Study measures 

The dependent variable of interest was self-reported depressive 
symptoms (24). The survey item asked if in the past year students 
ever felt so sad or hopeless almost every day for 2 weeks or more 
in a row that they stopped doing some usual activities (yes/no). 
The main independent variables were physical activity and sedent-
ary behavior (25). Physical activity was measured by using 3 di-
chotomized variables: being physically active for a total of at least 
60 minutes per day on 5 or more days in the past 7 days, doing 
muscle-strengthening exercises on 3 or more days in the past 7 
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days, and playing on at least 1 sports team during the past 12 
months (8). Sedentary behavior was measured by using 2 dicho-
tomized variables: watching 3 or more hours of television on an 
average school day and using a computer or digital device for 3 or 
more hours for something that was not schoolwork on an average 
school day (9). In addition to demographic variables, we included 
dietary behaviors, substance use, and behaviors contributing to vi-
olence as covariates (15,21). Dietary behaviors included dicho-
tomized variables for skipping breakfast on all days in the past 7 
days, not eating any fruits in the past 7 days, and not eating any 
vegetables (eg, green salad, potatoes, carrots, other vegetables) in 
the past 7 days (8). Dichotomous variables for substance use were 
cigarette use in the past 30 days, e-cigarette use in the past 30 
days, cannabis use in the past 30 days, alcohol use in the past 30 
days, lifetime prescription pain medicine misuse, and lifetime illi-
cit drug use (cocaine, inhalants, methamphetamines, heroin, ec-
stasy, or hallucinogens) (26). Behaviors contributing to violence 
included dichotomized variables for school safety concerns in the 
past 30 days, getting into a physical fight in the past 12 months, 
being bullied at school in the past 12 months, and being cyberbul-
lied in the past 12 months (18,20). 

The operationalizations of depressive symptoms, physical activity 
variables, sedentary behaviors, and other behavioral risk factors 
were informed by the extant literature and are consistent with 
standard definitions and reporting practices developed by CDC 
(8,9,23). Demographic variables included sex (male/female), 
grades (9–12), and race and ethnicity (American Indian or Alaska 
Native, Asian American and Native Hawaiian/Other Pacific Is-
lander, Hispanic or Latino, non-Hispanic Black, non-Hispanic 
White, and non-Hispanic multiracial). Details about the estab-
lished reliability and validity of the YRBS are available elsewhere 
(24,25,27). 

Statistical analysis 

Our initial analyses examined weighted frequencies for depressive 
symptoms, physical activity, sedentary behavior, dietary behavior, 
substance use, behaviors contributing to violence, and demograph-
ic characteristics among US high school students reporting their 
grade (N = 13,526). We then conducted cross-tabulations to exam-
ine bivariate differences in the prevalence of depressive symp-
toms among demographic groups, physical activity variables, 
sedentary behaviors, dietary behaviors, substance use, and behavi-
ors that contribute to violence. We conducted pairwise compari-
sons with Bonferroni correction to determine differences in the 
prevalence of depressive symptoms within demographic groups. 
To test the primary hypothesis, we used a multivariable logistic re-
gression model to evaluate the relationship between depressive 
symptoms with physical activity variables and sedentary behavi-
ors while controlling for demographic variables. For the second-

ary hypothesis, we used the first model and added dietary behavi-
ors, substance use, and behaviors that contribute to violence as co-
variates. We calculated adjusted odds ratios (aORs) and 95% CIs 
for demographic characteristics, physical activity variables, 
sedentary behaviors, dietary behaviors, substance use, and behavi-
ors that contribute to violence. All analyses incorporated the 
sample weights and poststratification variables to account for the 
complex sampling methods of the YRBS. A 2-sided P value of 
≤.05 denoted significance. We used Stata version 15.1 (StataCorp 
LLC) for all analyses. 

Results 
Overall, students were distributed approximately equally across 
grades and sex (Table 1). Slightly more than half (51.2%) were 
non-Hispanic White. The physical activity measures ranged from 
44.1% for being active on 5 or more days in the past 7 days to 
57.4% for being on 1 or more sports teams. Spending 3 or more 
hours on a computer or digital device for something other than 
schoolwork on an average school day was the most commonly re-
ported sedentary behavior (46.1%) followed by watching 3 or 
more hours of television on an average school day (19.7%). The 
prevalence of depressive symptoms in the past year was 36.7%. 

Depressive symptoms in the past year increased linearly across 
grades (33.2% in grade 9 to 39.0% in grade 12) (Table 2). In pair-
wise comparisons with Bonferroni correction, the prevalence of 
depressive symptoms was significantly higher in grade 10, grade 
11, and grade 12 than in grade 9 (P < .05 for all). Nearly half 
(46.7%) of female students reported depressive symptoms in the 
past year compared with 26.8% of male students. By race and eth-
nicity, we found the highest prevalence of depressive symptoms 
among American Indian/Alaska Native (45.5%) and non-Hispanic 
multiracial students (45.3%). In pairwise comparisons with Bon-
ferroni correction, we found significant differences (P < .01 for 
all) in the prevalence of depressive symptoms among non-
Hispanic Black versus non-Hispanic White students, Hispanic 
versus non-Hispanic White students, non-Hispanic multiracial 
versus non-Hispanic White students, Hispanic versus non-
Hispanic Black students, non-Hispanic multiracial versus non-
Hispanic Black students, Asian American and Other Pacific Is-
lander versus Hispanic students, and Asian American and Native 
Hawaiian and Other Pacific Islander versus non-Hispanic mul-
tiracial students. Among students engaging in physical activity on 
5 or more days in the past 7 days, 30.1% reported depressive 
symptoms in the past year, while approximately one-third of stu-
dents participating in 1 or more sports teams (32.7%) and enga-
ging in muscle strengthening on 3 or more days in the past 7 days 
(33.4%) reported depressive symptoms. For sedentary behaviors, 
the prevalence of depressive symptoms was 40.5% among stu-
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dents who watched 3 or more hours of television in the past 7 days 
and 42.7% among those who spent 3 or more hours using a com-
puter or digital device for something besides schoolwork on an av-
erage school day. 

In the first multivariable logistic regression model (Table 3, Mod-
el 1),  students in grade 11 were 21% (aOR, 1.21; 95% CI, 
1.03–1.43) more likely than students in grade 9 to report depress-
ive symptoms. Male students were 56% (aOR, 0.44; 95% CI, 
0.39–0.49) less likely than female students to report depressive 
symptoms in the past year. Compared with non-Hispanic White 
students, Asian American and Other Pacific Islander students were 
less likely to report depressive symptoms in the past year (aOR, 
0.76; 95% CI, 0.58–0.99), while non-Hispanic multiracial stu-
dents were more likely (aOR, 1.51; 95% CI, 1.12–2.02). For phys-
ical activity variables, students engaging in physical activity on 5 
or more days in the past 7 days (aOR, 0.81; 95% CI, 0.69–0.93) or 
participating on 1 or more sports teams in the past year (aOR, 
0.71; 95% CI, 0.62–0.82) were less likely to report depressive 
symptoms in the past year. Students reporting 3 or more hours us-
ing a computer or digital device for something other than school-
work on an average school day (aOR, 1.66; 95% CI, 1.44–1.91) 
were more likely to report depressive symptoms in the past year. 

In the model controlling for dietary behaviors, substance use, and 
behaviors contributing to violence in addition to demographics 
(Table 3, Model 2), we found inverse associations between enga-
ging in physical activity on 5 or more days in the past 7 days 
(aOR, 0.81; 95% CI, 0.68–0.97) and participating on 1 or more 
sports teams in the past year (aOR, 0.66; 95% CI, 0.55–0.78) with 
depressive symptoms; these associations were similar to those 
found in the first model. The increased odds of depressive symp-
toms among students reporting 3 or more hours of computer or 
device use for something that was not schoolwork on an average 
school day (aOR, 1.61; 95% CI, 1.41–1.85) were also comparable 
to the increased odds found in the first model. E-cigarette use 
(aOR, 1.29; 95% CI, 1.07–1.57), alcohol use (aOR, 1.23; 95% CI, 
1.02–1.49), prescription pain medicine use (aOR, 1.99; 95% CI, 
1.65–2.41), and illicit drug use (aOR, 1.67; 95% CI, 1.36–2.04) 
were associated with increased odds of depressive symptoms. 
School safety concerns in the past 30 days (aOR, 1.93; 95% CI, 
1.50–2.49), getting into a physical fight in the past 12 months 
(aOR, 1.40; 95% CI, 1.18–1.66), being bullied at school in the past 
12 months (aOR, 2.13; 95% CI, 1.77–2.57), and being cyberbul-
lied in the past 12 months (aOR, 2.14; 95% CI, 1.72–2.66) were 
associated with increased odds of depressive symptoms. 

Discussion 
This study provides updated data on the associations between 
physical activity and sedentary behavior with depressive symp-
toms among a nationally representative sample of high school stu-
dents. In support of our main hypothesis, we found that after con-
trolling for respondent demographic characteristics, being active 
on 5 or more days in the past 7 days and being a member of 1 or 
more sports teams were associated with reduced odds of reporting 
depressive symptoms in the past year. Similarly, spending 3 or 
more hours using a computer or digital device for something other 
than schoolwork was associated with increased odds of reporting 
depressive symptoms. The secondary hypothesis was also suppor-
ted: the associations observed under the first hypothesis remained 
significant after controlling for demographic characteristics as 
well as dietary behaviors, substance use, and behaviors contribut-
ing to violence. 

Consistent with current literature, our study demonstrated that 
physical activity may be a protective factor for depressive symp-
toms among adolescents. Physical activity may exert protective ef-
fects through psychosocial and behavioral mechanisms. For ex-
ample, several hypothetical frameworks propose that well-being is 
achieved by satisfying basic psychological needs for social con-
nectivity, autonomy, self-acceptance, environmental mastery, and 
purpose in life (15). Physical activity, specifically participating on 
sports teams, may facilitate opportunities for social connectivity 
among adolescents through cooperation and shared goals. Being 
able to follow a team schedule, listen to coaches, and participate in 
team workouts and competitions facilitates physical changes 
which can enhance self-perception (self-acceptance), discipline 
(purpose in life), and independence (autonomy) (15). Consistent 
physical activity may also reduce screen time and create more in-
teractions with nature (12–15), which can potentially increase 
overall well-being. 

Similar to psychosocial mechanisms, behavioral mechanisms are 
improved by increasing physical activity. Specifically, physical 
activity may improve sleep volume and quality and coping and 
self-regulation skills. Participation in physical activity is highly re-
commended for adolescents experiencing malaise and fatigue (28). 
It is reasonable to assume that energy expenditure during the day 
can improve sleep patterns, which may be associated with im-
proved mental health. Therefore, adolescents who are physically 
active at least 5 days per week may have a great probability of de-
veloping better sleep habits, as their fatigued bodies will need 
ample rest. Participation in physical activity can lead to develop-
ment of self-regulation and coping skills. For example, many 
physical activity programs and sports necessitate a healthy diet. 
Combining regular physical activity and a self-regulated healthy 
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diet may increase self-efficacy and resiliency, which may in turn 
reduce the likelihood of developing depressive symptoms (29,30). 
Moreover, physical activity and related health behaviors may be 
associated with well-being through beneficial physiological mech-
anisms such as increases in hormones and growth factors (eg, en-
dorphins, brain-derived neurotrophic factor), immune function, 
and anti-inflammatory effects (31). 

Our findings on sedentary behavior and self-reported depressive 
symptoms among high school students are consistent with previ-
ous literature. For example, a systematic review based on a mix of 
cross-sectional and longitudinal studies of the association between 
sedentary behavior and mental health among adolescents provided 
strong evidence for the positive association between screen time 
and depressive symptoms among adolescents (32). Excessive 
sedentary behavior, such as watching 3 or more hours of televi-
sion on an average school day, can result in bad sleep habits, 
lower grades, weight and mood problems, and less time with fam-
ily and friends (6). Along with sedentary behavior, skipping break-
fast and other unhealthy dietary behaviors, which sedentary beha-
vior indirectly encourages, may result in malnutrition, consump-
tion of low-nutrient foods such as processed snacks or fast foods, 
and obesity or weight gain (33). Regular physical activity is cor-
related with less sedentary behavior and healthier eating choices, 
potentially avoiding these problems. 

Our study has several strengths. It adds to the existing body of lit-
erature by analyzing data from a nationally representative sample 
of high school students in the 2019 YRBS to study the associ-
ations between physical activity, sedentary behaviors, and depres-
sion among adolescents. Our results, therefore, are generalizable 
to all students in grades 9 through 12 enrolled in public and 
private schools in the 50 states and the District of Columbia (23) 
Our study also provides updated evidence on the associations 
between physical activity, sedentary behaviors, and depressive 
symptoms during a period characterized by dramatic increases in 
depressive symptoms among adolescents in high school (2–5). 

Our study also has several limitations. The cross-sectional design 
of this study precludes causal relationships between the observed 
associations between physical activity, sedentary behavior, and de-
pressive symptoms (34). Bidirectional associations are possible 
such that adolescents with higher levels of depressive symptoms 
may be less likely to engage in physical activity and more likely to 
engage in sedentary behaviors. Another limitation is the use of ex-
isting data from the YRBS, which depends on the use of single-
item measures with limited clinical and diagnostic utility. For ex-
ample, although the question on depressive symptoms has demon-
strated reliability and validity, it is not clinically calibrated for de-
tecting major depressive disorder. Other questions about physical 
activity and sedentary behavior may also be too general to yield 

more specific inferences about the types of joint activities stu-
dents may commonly engage in on school days (eg, exercising 
while watching television or using a computer or digital device). 
In addition, the YRBS is administered in schools, and thus, does 
not include adolescents who have dropped out or been expelled, 2 
populations more likely than populations that have stayed in 
school to engage in unhealthy health behaviors. Lastly, the YRBS 
is based on self-reported data and may be subject to recall and so-
cial desirability biases, especially for items asking about behavi-
ors and cognitions beyond 1 month. 

Our study provides updated evidence of the association between 
physical activity and sedentary behavior with depressive symp-
toms among high school students in the US. On the basis of these 
findings, we note several implications for policy and program de-
velopment. Since high school is a crucial time for establishing 
healthy behaviors, school-based interventions should continue to 
focus on physical activity and sedentary behavior as ways to im-
prove both physical and mental well-being (35,36). Universal pre-
vention interventions could focus on educating students on the 
mental health benefits of physical activity and providing re-
sources for students who are interested in team-based physical 
activity (37). Other interventions could be improved by integrat-
ing research about the social contexts that foster problematic 
sedentary and dietary behaviors, such as engagement with online 
content that promotes body dysmorphia and harmful gender norms 
(38,39). In addition, the associations between depressive symp-
toms and substance use and behaviors contributing to violence 
warrant continued attention in public health interventions for ad-
olescents (40,41). Promoting physical activities and reducing 
sedentary behaviors in the daily lives of adolescents may reduce 
the number of adolescents who experience depressive symptoms 
and improve the general well-being of adolescents in high school. 
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Tables 

Characteristic Overall, % (SE) (N = 13,526) 

Grade 

9 26.7 (0.6) 

10 25.5 (0.4) 

11 24.3 (0.6) 

12 23.6 (0.6) 

Sex 

Female 49.4 (0.7) 

Male 50.6 (0.7) 

Race and ethnicity 

American Indian or Alaska Native 0.7 (0.08) 

Asian American and Native Hawaiian/Other Pacific Islander 5.4 (1.4) 

Hispanic 26.0 (2.3) 

Non-Hispanic Black 12.2 (1.1) 

Non-Hispanic White 51.2 (2.4) 

Non-Hispanic multiracial 4.5 (0.4) 

Physical activity 

Active ≥5 days in past 7 days 44.1 (1.1) 

≥1 Sports team during past 12 months 57.4 (1.5) 

Muscle strengthening ≥3 days in past 7 days 49.5 (0.9) 

Sedentary behavior on average school day 

≥3 Hours of television 19.7 (0.7) 

≥3 Hours on a computer or digital device 46.1 (0.8) 

Dietary behaviors in past 7 days 

Skipped breakfast all days 16.6 (0.7) 

No fruits 11.8 (0.7) 

No vegetablesa 7.7 (0.4) 

Substance use 

Cigarettes in past 30 days 5.9 (0.5) 

E-cigarettes in past 30 days 32.7 (1.0) 

Cannabis in past 30 days 21.7 (0.1) 

Alcohol in past 30 days 29.2 (0.1) 

Prescription pain medicine in lifetime 14.2 (0.8) 

Illicit drugs in lifetimeb 14.6 (0.9) 

Behaviors contributing to violence 

Table 1. Characteristics of High School Students, 2019 Youth Risk Behavior Survey 

a Did not eat green salad, potatoes, carrots, and other vegetables 1 or more times during the past 7 days.
b Lifetime use of cocaine, inhalants, heroin, methamphetamines, ecstasy, or hallucinogens. 

(continued on next page) 
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(continued) 

Characteristic Overall, % (SE) (N = 13,526) 

School safety concerns in past 30 days 8.7 (0.6) 

Physical fight in past 12 months 21.8 (0.8) 

Bullied at school in past 12 months 19.5 (0.7) 

Cyberbullied in past 12 months 15.7 (0.5) 

Table 1. Characteristics of High School Students, 2019 Youth Risk Behavior Survey 

a Did not eat green salad, potatoes, carrots, and other vegetables 1 or more times during the past 7 days.
b Lifetime use of cocaine, inhalants, heroin, methamphetamines, ecstasy, or hallucinogens. 
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Characteristic % (SE) 

Overall 36.7 (0.8) 

Grade 

9 33.2 (1.2) 

10 37.0 (1.5) 

11 37.9 (1.2) 

12 39.0 (1.4) 

Sex 

Female 46.7 (1.1) 

Male 26.8 (0.8) 

Race and ethnicity 

American Indian or Alaska Native 45.5 (6.6) 

Asian American and Native Hawaiian/Other Pacific Islander 31.9 (2.1) 

Hispanic 40.0 (1.0) 

Non-Hispanic Black 31.5 (1.4) 

Non-Hispanic White 36.0 (1.0) 

Non-Hispanic multiracial 45.3 (3.3) 

Physical activity 

Active ≥5 days in past 7 days 30.1 (1.0) 

≥1 Sports team during past 12 months 32.7 (1.0) 

Muscle strengthening ≥3 days in past 7 days 33.4 (1.1) 

Sedentary behaviors on average school day 

≥3 Hours of television 40.5 (1.3) 

≥3 Hours on a computer or digital device 42.7 (1.0) 

Dietary behaviors in past 7 days 

Skipped breakfast all days 48.8 (1.6) 

No fruits 37.5 (1.8) 

No vegetablesa 32.6 (2.0) 

Substance use 

Cigarettes in past 30 days 58.0 (2.7) 

E-cigarettes in past 30 days 48.7 (1.0) 

Cannabis in past 30 days 50.4 (1.4) 

Alcohol in past 30 days 48.7 (1.2) 

Prescription pain medicine in lifetime 59.8 (1.4) 

Illicit drugs in lifetimeb 59.8 (1.9) 

Behaviors contributing to violence 

School safety concerns in past 30 days 60.0 (2.4) 

Table 2. Weighted Prevalence of Depressive Symptoms Among High School Students, 2019 Youth Risk Behavior Survey 

a Did not eat green salad, potatoes, carrots, and other vegetables one or more times during the past 7 days.
b Lifetime use of cocaine, inhalants, heroin, methamphetamines, ecstasy, or hallucinogens. 

(continued on next page) 
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(continued) 

Characteristic % (SE) 

Physical fight in past 12 months 47.2 (1.3) 

Bullied at school in past 12 months 61.9 (1.5) 

Cyberbullied in past 12 months 65.1 (1.5) 

Table 2. Weighted Prevalence of Depressive Symptoms Among High School Students, 2019 Youth Risk Behavior Survey 

a Did not eat green salad, potatoes, carrots, and other vegetables one or more times during the past 7 days.
b Lifetime use of cocaine, inhalants, heroin, methamphetamines, ecstasy, or hallucinogens. 
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Characteristic 

Adjusted odds ratio (95% CI) 

Model 1a Model 2a 

Grade 

9 1 [Reference] 1 [Reference] 

10 1.18 (0.97–1.43) 1.20 (0.99–1.45) 

11 1.21 (1.03–1.43) 1.25 (1.08–1.44) 

12 1.16 (0.94–1.44) 1.11 (0.90–1.37) 

Sex 

Female 1 [Reference] 1 [Reference] 

Male 0.44 (0.39–0.49) 0.48 (0.41–0.56) 

Race and ethnicity 

American Indian or Alaska Native 1.82 (0.88–3.78) 1.53 (0.68–3.45) 

Asian American and Native Hawaiian/Other Pacific Islander 0.76 (0.58–0.99) 1.15 (0.86–1.56) 

Hispanic 1.12 (0.97–1.30) 1.33 (1.14–1.54) 

Non-Hispanic Black 0.79 (0.61–1.01) 0.90 (0.66–1.21) 

Non-Hispanic White 1 [Reference] 1 [Reference] 

Non-Hispanic multiracial 1.51 (1.12–2.02) 1.49 (1.08–2.04) 

Physical activity 

Active ≥5 days in past 7 days 0.81 (0.69–0.93) 0.81 (0.68–0.97) 

≥1 Sports team during past 12 months 0.71 (0.62–0.82) 0.66 (0.55–0.78) 

Muscle strengthening ≥3 days in past 7 days 1.04 (0.92–1.19) 0.99 (0.86–1.13) 

Sedentary behaviors on average school day 

≥3 Hours of television 1.08 (0.92–1.26) 1.06 (0.87–1.30) 

≥3 Hours on a computer or digital device 1.66 (1.44–1.91) 1.61 (1.41–1.85) 

Dietary behaviors in past 7 days 

Skipped breakfast all days  — 1.45 (1.23–1.71) 

No fruits  — 1.00 (0.77–1.31) 

No vegetablesb  — 0.80 (0.65–1.00) 

Substance use 

Cigarettes in past 30 days  — 1.25 (0.90–1.73) 

E-cigarettes in past 30 days  — 1.29 (1.07–1.57) 

Cannabis in past 30 days  — 1.15 (0.87–1.51) 

Alcohol in past 30 days  — 1.23 (1.02–1.49) 

Prescription pain medicine in lifetime  — 1.99 (1.65–2.41) 

Table 3. Multivariate Associations Between Physical Activity and Sedentary Behaviors With Depressive Symptoms Among High School Students, 2019 Youth Risk 
Behavior Survey 

Abbreviation: — , does not apply. 
a Respondent’s demographics were controlled for in Model 1; Model 2 included demographics, dietary behaviors, substance use, and behaviors contributing to viol-
ence. 
b Did not eat green salad, potatoes, carrots, and other vegetables one or more times during the past 7 days. 
c Lifetime use of cocaine, inhalants, heroin, methamphetamines, ecstasy, or hallucinogens. 

(continued on next page) 
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(continued) 

Characteristic 

Adjusted odds ratio (95% CI) 

Model 1a Model 2a 

Illicit drugs in lifetimec  — 1.67 (1.36–2.04) 

Behaviors contributing to violence 

School safety concerns in past 30 days  — 1.93 (1.50–2.49) 

Physical fight in past 12 months  — 1.40 (1.18–1.66) 

Bullied at school in past 12 months  — 2.13 (1.77–2.57) 

Cyberbullied in past 12 months  — 2.14 (1.72–2.66) 

Table 3. Multivariate Associations Between Physical Activity and Sedentary Behaviors With Depressive Symptoms Among High School Students, 2019 Youth Risk 
Behavior Survey 

Abbreviation: — , does not apply. 
a Respondent’s demographics were controlled for in Model 1; Model 2 included demographics, dietary behaviors, substance use, and behaviors contributing to viol-
ence. 
b Did not eat green salad, potatoes, carrots, and other vegetables one or more times during the past 7 days. 
c Lifetime use of cocaine, inhalants, heroin, methamphetamines, ecstasy, or hallucinogens. 
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Summary 

What is already known on this topic? 

Physical activity could be important to physical and mental health during 
the COVID-19 pandemic. Rural communities often lack access to locations 
and facilities for physical activity. 

What is added by this report? 

We sought to learn about the locations, reasons, barriers, and benefits re-
lated to physical activity in rural areas to better understand the distinct 
needs of rural communities compared to nonrural communities. 

What are the implications for public health practice? 

Our research may inform physical activity education and the development 
of physical activity infrastructure in rural communities, thereby improving 
residents’ levels of physical activity and overall health and wellness. 

Abstract 

Introduction 
During the COVID-19 pandemic, measures implemented to pro-
tect community health may have influenced how and where people 
engaged in physical activity. In rural communities, access to re-
sources, the environment, and socioeconomic status could play a 
role in how adults are physically active. Our study examined loca-
tions where rural residents of a county in western North Carolina 
engaged in physical activity early in the COVID-19 pandemic, 
their reasons for being physically active, and their perceptions of 
benefits and barriers related to engaging in physical activity. 

Methods 
Rural adults (N =297) completed an online survey from August 3 
through September 15, 2020, describing their physical activity 

during the summer of 2020. Data were analyzed using nonpara-
metric measures. 

Results 
Survey respondents frequently engaged in physical activity in the 
home (57.8%), at parks or on trails (45.3%), and around their 
neighborhood (39.4%). The most common types of physical activ-
ities at parks or on trails were walking and hiking (99.5%). Across 
all locations, the most frequently reported reasons for engaging in 
physical activity were getting out of the house, maintaining fit-
ness and mental health, and exercising. 

Conclusion 
Our study showed many locations where rural residents were 
physically active and their reasons for participating in physical 
activity during the pandemic. Data about perceived benefits of and 
barriers to physical activity during the pandemic can assist in 
meeting the current need to increase physical activity levels in rur-
al communities. 

Introduction 
Physical activity yields both physical and mental health benefits 
(1). These benefits became even more critical during the COVID-
19 pandemic (2,3). However, in the early part of the pandemic, 
government stay-at-home orders (4) resulted in closure of many 
common locations for physical activity (eg, fitness centers, parks, 
trails), which led to a decline in physical activity among many 
adults (5–8). As a result, people had to adapt their physical activ-
ity behaviors. 

Walking paths, trails, sidewalks, parks, and recreation facilities are 
common locations for physical activity (9). Access to such places 
is an important factor (10) and influences how and whether resid-
ents are physically active (7,11). For example, rural residents of-
ten lack developed neighborhoods (eg, sidewalks, safe streets) (7), 
and the pandemic may have restricted access to or closures of 
trails and parks. 

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health 

and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

www.cdc.gov/pcd/issues/2022/22_0112.htm • Centers for Disease Control and Prevention 
This publication is in the public domain and is therefore without copyright. All text from this work may be reprinted freely. Use of these materials should be properly cited. 

1 

https://doi.org/10.5888/pcd19.220112
www.cdc.gov/pcd/issues/2022/22_0112.htm
www.cdc.gov/pcd/issues/2022/22_0112.htm


PREVENTING CHRONIC DISEASE VOLUME 19, E74 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY  NOVEMBER 2022 

Respondents to recent surveys during the COVID-19 pandemic re-
ported various reasons for engaging in physical activity and vari-
ous perceptions of benefits. These included having more time 
available, schedule flexibility, an increased desire to be outside, 
wanting to decrease stress or anxiety, and other health-related con-
cerns (6,12). Additionally, outdoor activity became especially de-
sirable (5,13) because it facilitated social distancing (12). At the 
same time, concerns about exposure to COVID-19, lack of avail-
able exercise equipment, state or local restrictions, and living con-
ditions were barriers to being physically active (7,8), as were re-
ported “worry/stress” and “lack of motivation” (6). 

In 2017, an estimated 1 in 5 people in the US lived in a rural area 
(14). Although the sparse population of these areas facilitated so-
cial distancing, lack of resources such as sidewalks, parks, and fit-
ness clubs may have served as barriers to regular physical activity 
(10). Although urban and suburban neighborhoods may have such 
resources (5), rural areas may not (10). To fully interpret the needs 
of subgroups of rural respondents to national surveys, a full under-
standing of their available physical activity resources is needed. 

The primary objective of our study was to examine the types of 
available physical activity resources in rural areas and the reasons 
adults in these areas engaged in physical activity early in the 
COVID-19 pandemic. A secondary objective was to describe the 
benefits and barriers to physical activity residents encountered. 
This information could be useful to public health professionals and 
clinicians and to land use and public recreation planners in devel-
oping an infrastructure to facilitate outdoor physical activity in 
rural areas (15). 

Methods 
An online survey completed from August 3 through September 15, 
2020, appraised locations, reasons for physical activity during the 
COVID-19 pandemic, and related benefits and barriers. 

Participants and recruitment 

By using convenience sampling, we recruited from the general 
adult population of a western North Carolina county with a 
r u r a l – u r b a n  c o n t i n u u m  c o d e  ( R U C C )  o f  5  a n d  a  
nonmetropolitan–nonurban population of 20,000 or more that was 
not adjacent to a metropolitan area (16). Our inclusion criteria 
were adults aged 18 years or older, residence in rural western 
North Carolina, the ability to read English, and access to an elec-
tronic device to complete the survey. We contacted prospective 
participants electronically by using listservs from the county 
health department, 7 public kindergarten through 8th grade 
schools, 1 public high school, and 3 family-based homeschool or-
ganizations. To obtain the lists, we contacted public school admin-

istrators, the health department, and local homeschool organiza-
tions via email to explain the purpose of our study and to ask them 
to participate by distributing our survey to their constituents. Us-
ing these listservs allowed us to select names from our county of 
interest. The county health department list included names from 
programs for people of low socioeconomic status, which allowed 
us to reach that audience, and homeschool programs let us reach 
people with children who did not attend public schools. Those 
who agreed to distribute the survey received an email describing 
the study and an email message for them to distribute to their list-
serv along with a link to the online survey (Qualtrics© XM sur-
vey software system). Of the approximately 4,500 people we 
reached through these listservs, 337 met our criteria and agreed to 
participate after reviewing the survey’s online consent page de-
scribing the study's procedures, risks, and benefits. The institution-
al review board of Appalachian State University determined this 
study was exempt. 

Participants completed the survey from August 3 through Septem-
ber 15, 2020, during phase 2 of pandemic restrictions, which in 
North Carolina consisted of face mask requirements and limited 
gatherings (maximum 10 people indoors and 25 people outdoors). 
Stay-at-home orders were lifted during this period. The survey 
consisted of 50 questions and took approximately 30 minutes to 
complete. After completing the survey, participants had the option 
of entering a drawing for one of 150 $25 gift cards. 

Measures 

Locations for physical activity. To determine where participants 
engaged in physical activity, we asked “Please tell us how often 
you used the location for physical activity during the COVID-19 
pandemic,” defined as the current COVID-19 phase 2 in North 
Carolina. Options were parks and trails, neighborhoods, and in or 
around the home. Answers were given on a 3–point Likert scale of 
1, frequently; 2, sometimes; and 3, never used for physical activ-
ity. 

Types of physical activity. To assess types of activities for these 
locations, participants were asked, “During the COVID-19 pan-
demic, what physical activities did you do?” Participants selected 
all types of physical activity they participated in at each location. 
Answers for parks and trails and for neighborhood were walking 
or hiking, jogging or running, biking, playing with kids, sports 
activities, kayaking or canoeing, and swimming; for home, an-
swers were indoor housework, workouts or exercise, playing in the 
yard, outdoor sports or games, yard work, and gardening. The 
2018 Physical Activity Guidelines for Americans included many 
of these activities as examples of moderate to vigorous aerobic 
activities (1). 
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Reasons for physical activity. Participants were asked “Please 
choose your reason(s) for participating in physical activity” at 
each location. Response options were as follows: for exercise, to 
experience nature, to get out of the house, to do something normal, 
for mental health, to take kids outside, to walk the dog, to connect 
with others, to maintain health and fitness, to prepare for future 
events, and to reduce sitting time. 

Benefits and barriers. Participants were asked to rate their beliefs 
about the benefits of physical activity and barriers to engaging in it 
on a Likert scale of 1 to 5, with 1 indicating strongly disagree and 
5 indicating strongly agree. The following were benefit options: 
something I can do without being exposed to COVID-19, offers a 
routine or something normal, helps manage stress, helps manage 
mental health, helps manage chronic disease, supports my im-
mune system, reduces the risk of COVID-19, and will reduce the 
severity of COVID-19. Barrier options were the following: appro-
priate social distancing, closures of park and recreation resources, 
cancellation of sport/intramurals, neighborhood environment, clos-
ure of fitness facility, lack of fitness equipment, and stay-at-home 
orders. 

Demographics. Participants reported their gender (male, female, 
other), age (categorized as 18–25 y, 26–35 y, 36–45 y, 46–55 y, 
56–65 y, ≥66 y), race, education level, annual household income 
(≤$20,000, $20,000– $59,999, $60,000– $99,999, $100,000– 
$149,999, ≥$150,000), and number of children aged 18 years or 
younger in the home (0, 1, 2, 3, 4, ≥5). 

Analyses were conducted in 2021 by using SPSS Statistics 27 
(IBM Corp) with nonparametric measures. We ran frequencies for 
demographic information and subjective variables with single-
response items. Responses were grouped by the location of phys-
ical activity (parks or trails, neighborhood, home) during the pan-
demic. The percentage of respondents who participated in various 
activities and the reason for participation were determined by the 
location of the activity. 

Results 
Of the 337 people who agreed to take the survey, 297 completed at 
least 50% and were included in our sample. Most participants 
were middle-aged (36–55 y), White, and female (Table 1). Ap-
proximately 74.4 % of participants held a post–secondary-
education degree (eg, Bachelor, Master, Doctorate, or other pro-
fessional degree). Participants’ household income varied; 53.9% 
of earned from $60,000 to $150,000 annually. 

More than half (57.8%) of participants frequently used their 
homes for physical activity, 39.7% used their homes sometimes, 
and 2.5% never used their homes. We saw similar numbers in the 

use of parks and neighborhoods: 45.3% frequently used parks, and 
39.4% frequently used their neighborhood; 36% sometimes used 
parks and 43.2% sometimes used their neighborhood; 18.6% nev-
er used parks and 17.4% never used their neighborhood. 

The most prevalent types of physical activity in the home were in-
door housework (67.8%), yard work/landscaping (60.6%), and 
workouts/exercise (57.2%) (Table 2). The most prevalent reason 
for physical activity at home was to maintain health and fitness 
(76.0%). Other common reasons were for mental health (74.5%) 
and exercise (66.3%) (Table 3). 

Among the 183 respondents who said they used parks and trails, 
99.5% used them for walking and hiking. Other popular types of 
physical activity were playing with kids (44.8%), kayaking or ca-
noeing (43.2%), and jogging or running (40.4%) (Table 2). The 
most frequent reasons given for participating in physical activity at 
parks or trails were to get out of the house (95.1%) and for exer-
cise (88.5%). Other reasons were for mental health (79.8%), to ex-
perience nature (77.0%), and to maintain health and fitness 
(76.0%) (Table 3). 

For physical activity in neighborhoods, 176 participants reported 
engaging in some form. Walking and hiking were the most preval-
ent types (98.3%) followed by bicycling (36.4%) and jogging or 
running (28.4%) (Table 2). The most prevalent reasons given for 
physical activity in neighborhoods were to get out of the house 
(89.1%), for exercise (83.6%), and for mental health (70.5%) (Ta-
ble 3). 

Perceived barriers to and benefits of physical activity varied (Ta-
ble 4). Respondents either agreed (38.9%) or strongly agreed 
(33.0%) that closure of parks and recreation resources was a barri-
er to physical activity. The second leading barrier to participation 
was stay-at-home orders (26.6% agreed and 29.1% strongly 
agreed). Respondents strongly agreed about other barriers to phys-
ical activity, including the cancellation of recreational sports or in-
tramural games (34.0%) and the closure of fitness facilities 
(28.6%). More than half of respondents strongly agreed that phys-
ical activity helped to manage mental health (56.2%) and stress 
(53.7%); almost half (46.8%) strongly agreed that physical activ-
ity was beneficial to the immune system during the COVID-19 
pandemic. 

Discussion 
Our evaluation showed that adults living in rural western North 
Carolina primarily used the home for physical activity in the early 
COVID-19 pandemic to maintain fitness and mental health. Activ-
ities in and around the home were indoor housework, yardwork, 
and workout or exercise. This finding was similar to other surveys 
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administered during the pandemic in which the home or garage 
were the most commonly reported locations (5,7). However, our 
results differed from others in that the second most common loca-
tion was parks and trails rather than neighborhoods (5,7). Parti-
cipants in our study gave reasons for using these locations as “to 
get out of the house,” “for exercise,” and “for mental health.” Our 
participants also reported going outside to be active and to “do 
something normal.” Because rural communities often do not have 
the infrastructure of sidewalks, safe streets, greenways, and play-
ing fields, which are more common in nonrural communities, 
parks and trails may have been more accessible to them during the 
pandemic, especially during the stay-at-home phase. Although 
some of these locations experienced closures during the initial 
pandemic wave, our data suggest that these spaces were some of 
the few locations available for physical activity in rural communit-
ies.

 Our results also showed that various perceived barriers and bene-
fits to physical activity existed and contributed to use of the loca-
tions chosen and why. Because of enforced public health regula-
tions, many people could not engage in their preferred recreation-
al activities (eg, travel, eating out at restaurants, going to movies, 
using fitness centers) (15). Our collected data support this conclu-
sion, because prominent barriers to physical activity were the clos-
ure of fitness facilities and because stay-at-home orders made out-
door locations such as parks and trails and neighborhoods increas-
ingly popular. The increase in outdoor recreation and park use was 
potentially the result of a recreation substitution, as new outdoor 
recreationists either tried outdoor recreation for the first time or re-
turned to outdoor recreation after a prolonged hiatus (15). 

The benefits of engaging in physical activity in our sample in-
cluded managing overall health. Our participants reported “helps 
manage my mental health,” “helps manage stress,” and “is benefi-
cial to my immune system” as reasons. Similarly, others reported 
stress as a reason for changing health behaviors such as becoming 
physically active. One study found adults who positively changed 
health behavior by increasing physical activity during the COVID-
19 pandemic did so because they had more time available and 
used activity to relieve stress and for other health-related concerns 
(7). 

The disparate effects of the COVID-19 pandemic on physical 
activity levels of potentially vulnerable subgroups, including 
people with low incomes or who live in rural communities, under-
score the need for population-specific physical activity programs 
and policies over the next several months to years as the pandem-
ic continues (5). Recent evidence from similar studies supports the 
need for further understanding of subgroups within a population, 
assessments of their resource concerns, and more information 
about their physical activity choices to better determine ways to 

increase physical activity (5,7,8). Although rural communities 
may lack infrastructure, our results point to the potential use of 
parks and trails as immediate resources for physical activity. 
Young adults (18–29 y) engaged in physical activity at parks and 
open spaces during the early part of the pandemic and continued to 
be active at these locations 13 months later (13). Similar results 
suggest the outdoors as an option for future behavioral interven-
tions (17). 

Our study had limitations. First, study participants were mainly fe-
male, middle-aged, White, with an annual income above $60,000, 
and a post–secondary-education degree. The lack of diversity re-
flects the demographics of rural western North Carolina. Other 
participants in other studies had similar demographic characterist-
ics: a high percentage of females (5,6,8), non-Hispanic people, and 
residents with post-secondary education (5). According to the 
Western North Carolina Health Network, the racial and ethnic 
population of western North Carolina is 89.9% White, 4.3% Black 
or African American, 1.5% American Indian/Alaska Native, and 
6.0% Hispanic or Latino (of any race) (18); 50.2% of the popula-
tion in the county we studied were female (19). This lack of di-
versity in our sample is a possible limitation in generalizing res-
ults on a broader scale. In addition, our sample included a dispro-
portionately large number of participants with a post–secondary-
education degree. In 2019, approximately 35% of Americans held 
some type of post-secondary academic degree (20), whereas in our 
sample 74.4% of participants (n = 221) held a post-secondary de-
gree. Thus, education level may influence regular exercise, with 
the findings showing that people with advanced degrees were 
more likely to exercise regularly (21). Another limitation was that 
we developed this survey urgently to address the immediate need 
for information related to the COVID-19 pandemic. We did not 
test the survey’s validity or reliability before administering it. 

Our study results suggest many locations and reasons for particip-
ating in physical activity in rural western North Carolina that 
could be applied to other rural areas of the US. Perceived barriers 
and benefits related to physical activity can aid further understand-
ing of why participants engaged in physical activity during the 
COVID-19 pandemic. Because use of parks and trails contributed 
to outdoor physical activity among rural residents, access to such 
spaces is key to increasing and maintaining levels of physical 
activity after the threat of the COVID-19 pandemic subsides. Un-
derstanding where adults want to be physically active may also be 
helpful when developing interventions and resources (22). The 
early phases of the COVID-19 pandemic (eg, shelter-in-place, 
stay-at-home) affected many health-related behaviors and forced 
adults to change where and why they engaged in physical activity. 
However, much can be learned from behaviors during this time 
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frame. In the future, public health agencies could assist in creating 
awareness of available physical activity locations. 
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Tables 

Characteristic n (%) 

Gender 

Male 43 (14.5) 

Female 254 (85.5) 

Other 1 (0.3) 

Age, y 

18–25 6 (2.0) 

26–35 33 (11.1) 

36–45 110 (37.0) 

46–55 104 (35.0) 

56–65 34 (11.4) 

66–75 10 (3.4) 

Race 

American Indian or Alaska Native 3 (1.0) 

Asian 8 (2.7) 

Black or African American 2 (0.7) 

White 285 (96.0) 

Annual household income, $ 

<20,000 8 (2.7) 

20,000–59,999 67 (22.6) 

60,000–99,999 92 (31.0) 

100,000–149,999 68 (22.9) 

≥150,000 or more 35 (11.8) 

Prefer not to respond 28 (9.4) 

Education 

High school graduate 12 (4.0) 

Some college 62 (20.9) 

Bachelor’s degree 103 (34.7) 

Master’s degree 93 (31.3) 

Doctorate/professional degree 25 (8.4) 

Prefer not to respond 2 (0.7) 

Table 1. Demographic Characteristics, Adults (N = 297) in Rural North Carolina During the COVID-19 Pandemic, August 3–September 15, 2020a 

a Values are number (percentage). Percentages may not total 100 because of rounding. 
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Variable Parks/trails, n = 183 Neighborhood, n = 176 Home, n = 208 

Walking/hiking 182 (99.5) 173 (98.3)  — 

Jogging/running 74 (40.4) 50 (28.4)  — 

Biking 70 (38.3) 64 (36.4)  — 

Playing with kids 82 (44.8)  —  — 

Sports 29 (15.8) 29 (16.5)  — 

Kayaking/canoeing 79 (43.2)  —  — 

Swimming 47 (25.7)  —  — 

Indoor housework  —  — 141 (67.8) 

Workouts/exercise  —  — 119 (57.2) 

Playing in the yard  —  — 116 (55.8) 

Outdoor sports/games  —  — 84 (40.4) 

Yard work/landscaping  —  — 126 (60.6) 

Gardening  —  — 108 (51.9) 

Table 2. Type of Physical Activity, by Location, Among Adults (N = 297) in Rural North Carolina During the COVID-19 Pandemic, August 3–September 15, 2020a 

Abbreviation: —, Variable was not offered as a response for the listed location. 
a Values are number (percentage). 
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Variable Parks/trails, n = 183 Neighborhood, n = 183 Home, n = 208 

For exercise 162 (88.5) 153 (83.6) 138 (66.3) 

To experience nature 141 (77.0) 105 (57.4)  — 

To get out of the house 174 (95.1) 163 (89.1)  — 

To do something normal 123 (67.2) 106 (57.9) 125 (60.1) 

For mental health 146 (79.8) 129 (70.5) 155 (74.5) 

To take the kids outside 113 (61.7) 107 (58.5) 99 (47.6) 

To walk the dog 92 (50.3) 106 (57.9)  — 

To connect with others 46 (25.1) 44 (24.0) 28 (13.5) 

To maintain health/fitness 139 (76.0) 113 (61.7) 158 (76.0) 

To prepare for future events 13 (7.1) 9 (4.9) 17 (8.2) 

To reduce sitting time 124 (67.8) 113 (61.7) 134 (64.4) 

Table 3. Reason for Physical Activity, by Location, Among Adults (N = 297) in Rural North Carolina During the COVID-19 Pandemic, August 3–September 15, 2020a 

Abbreviation: —, Variable was not offered as a response for the listed location. 
a Values are number (percentage). 
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Response Strongly disagree Disagree 
Neither agree
or disagree Agree Strongly agree 

Barriers 

Ability to maintain appropriate social distancing 44 (21.7) 48 (23.6) 27 (13.3) 51 (25.1) 30 (14.8) 

Closure of parks and recreation resources 13 (6.4) 21 (10.3) 23 (11.3) 79 (38.9) 67 (33.0) 

Cancellation of sports or intramurals 45 (22.2) 13 (6.4) 46 (22.7) 30 (14.8) 69 (34.0) 

Neighborhood environment 77 (37.9) 50 (24.6) 44 (21.7) 21 (10.3) 11 (5.4) 

Closure of fitness facility 41 (20.2) 12 (5.9) 57 (28.1) 33 (16.3) 58 (28.6) 

Lack of fitness equipment 45 (22.2) 36 (17.7) 47 (23.2) 43 (21.2) 32 (15.8) 

Stay-at-home orders 30 (14.8) 39 (19.2) 33 (16.3) 54 (26.6) 49 (29.1) 

Benefits 

Is something I can do to leave the house without being
exposed to COVID-19 

8 (3.9) 11 (5.4) 26 (12.8) 93 (45.8) 65 (32.0) 

Is something routine or normal that I can still do while
social distancing 

6 (3.0) 9 (4.4) 13 (6.4) 104 (51.2) 71 (35.0) 

Helps manage stress during the COVID-19 pandemic 3 (1.5) 2 (1.0) 6 (3.0) 83 (40.9) 109 (53.7) 

Helps manage my mental health (eg, stress, anxiety)
during the COVID-19 pandemic 

1 (0.5) 1 (0.5) 6 (3.0) 79 (38.9) 114 (56.2) 

Helps me manage my chronic condition(s) (eg, diabetes,
hypertension, heart disease) 

8 (3.9) 3 (1.5) 78 (138.4) 60 (29.6) 48 (23.6) 

Is beneficial to my immune system during the COVID-19
pandemic 

3 (1.5) 0 (0) 13 (6.4) 92 (45.3) 95 (46.8) 

Will help reduce my risk of getting COVID-19 12 (5.9) 17 (8.4) 64 (31.5) 53 (26.1) 56 (27.6) 

Will reduce the severity of COVID-19 if I get it 8 (3.9) 15 (7.4) 63 (31.0) 65 (32.0) 51 (25.1) 

Table 4. Perceived Barriers to Physical Activity Among Adults (N = 203) in Rural North Carolina During the COVID-19 Pandemic, August 3–September 15, 2020a 

a Number reflects survey attrition. Values are number (percentage). 
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Summary 

What is known on this topic? 

Breast cancer affects 1 in 8 women in the US and is the most frequently 
diagnosed cancer in women. 

What is added by this report? 

Because South Dakota is a rural state, sociodemographic factors affect 
the population differently than in the general US population. We assessed 
the spatial distribution of breast cancer mortality rates by county, and our 
findings add insight on educational attainment as a risk factor for breast 
cancer. 

What are the implications for public health practice? 

Our results can be used to help allocate resources to the South Dakota 
counties that need them most. 

Abstract 

Introduction 
Breast cancer affects 1 in 8 women in the US and is the most fre-
quently diagnosed cancer in women. In South Dakota, 102 wo-
men die from breast cancer each year. We assessed which so-
ciodemographic factors contributed to mortality rates in South 
Dakota and used spatial analysis to investigate how counties’ ob-
served age-adjusted mortality rates compared with expected rates. 

Methods 
We computed standardized incidence ratios (SIRs) of all counties 
in South Dakota by using the age-adjusted mortality rates, the 
2000 US standard population, and the South Dakota estimated 
population. We used a linear regression model to identify so-
ciodemographic factors associated with breast cancer mortality 

rates and to compute a new SIR value, after controlling for relev-
ant factors. 

Results 
Educational level and breast cancer incidence rates were signific-
antly associated with breast cancer mortality rates at the county 
level. The SIR values based on age-adjusted counts showed which 
counties had more deaths due to breast cancer than what might be 
expected using South Dakota as the reference population. After 
controlling for sociodemographic factors, the range of SIR values 
decreased and had lower variability. 

Conclusion 
The regression model helped identify factors associated with mor-
tality and provided insights into which risk factors are at play in 
South Dakota. This information, in combination with the spatial 
distribution of mortality by county, can be used to help allocate re-
sources to the counties in South Dakota that need them most. 

Introduction 
In South Dakota, breast cancer is the most commonly diagnosed 
cancer and the second leading cause of cancer death among wo-
men (1,2). In 2022, an estimated 750 new cases and 110 deaths at-
tributed to female breast cancer will occur in South Dakota. In 
general, a woman in the US has a 1-in-8 lifetime risk of develop-
ing breast cancer (3,4). Since 1989, the US breast cancer mortal-
ity rate has decreased 40%, but from 2010 to 2019 the rate slowed 
to a low of decreasing by 1.3% per year (5). 

Characteristics such as age and race and ethnicity affect a 
woman’s chances of being diagnosed with or dying of breast can-
cer, but new evidence has established that sociodemographic 
factors, including education level, also play a role (6). Albano et al 
noted a negative relationship between number of years of educa-
tion and cancer mortality and found that the level of education and 
race vary considerably with mortality rates (7). Of the South 
Dakota population aged 25 years or older, 92.2% are high school 
graduates (higher than the national average) and 29.3% have a 
bachelor’s degree or higher (lower than national average) (8). 
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Olson et al acknowledged that communities exist in which geo-
graphic disparities are more prominent because of rural isolation 
and small population size (9). Furthermore, 64 of 66 counties in 
South Dakota are categorized as rural or frontier, and South 
Dakota contains 9 American Indian reservations (10). Finally, 
61.6% of women receiving breast services are White, and 16.7% 
are American Indian (11); most of the population in South Dakota 
is White, and the leading minority is American Indian at 8.8% (8). 

The study aimed to describe the spatial distribution of female 
breast cancer mortality at the county level in South Dakota and as-
sess the association between mortality rates and risk factors repor-
ted in the literature. 

Methods 
Data source 

The 66 counties of South Dakota have boundaries that are defined 
by the South Dakota Legislature and accepted by the US Census. 
The counties range in population from 183,439 in Minnehaha 
County to 917 in Jones County, and the median population per 
county is 5,413. Most residents of South Dakota were White; the 
median percentage of non-White residents by county was 6.6% 
and the maximum was 95.2% 

Cancer data 

Breast cancer incidence and mortality rates from 2001 through 
2015 were extracted from the South Dakota State Cancer Registry 
provided by the South Dakota Department of Health (12). Both 
rates were per 100,000 people and age-adjusted to the 2000 US 
standard population and the South Dakota estimated population. 
The proportion of mammography screening rates in South Dakota 
was based on the numbers reported by Holzhauser et al for the All 
Women Count! mammography program (13). The average num-
ber of participants for 1997 through 2016 was reported for the pro-
gram; then, the average number of participants was adjusted for 
the total number of women older than 40 years in the county to get 
an estimated screening rate for each county (13,14). 

Demographics 

We used 2015 data from the US Census Bureau to obtain informa-
tion on the 66 South Dakota counties, including the number of 
providers and the education level, poverty level, percentage of un-
insured, median age, and race of residents (8). 

Data on educational attainment were obtained from the US Census 
Bureau’s American Community Survey (ACS). These data were 
count estimates for the population of each county aged 25 years or 
older. Levels were categorized as less than 9th grade, 9th through 

12th grade with no diploma, high school graduate or equivalent, 
some college but no degree, associate degree, bachelor’s degree, 
and graduate or professional degree. These values were modified 
into an educational attainment statistic of the percentage of the 
population with less than a bachelor’s degree of education. The 
statistic used in this study was the percentage of the population 
with less than a bachelor’s degree, by county. 

We collected data on poverty estimates, by county, from the ACS; 
these data adhered to the standards specified by the Office of Man-
agement and Budget in Statistical Policy Directive 14 (8). Poverty 
was determined by a set of income thresholds that consider the liv-
ing situation (alone or with nonrelatives), age, and number of 
people per household. For example, the poverty threshold for 2-
person families varies by the age of the primary householder and 
differs from the poverty threshold for people living alone or with 
nonrelatives, which also varies by age. 

Insurance coverage percentages were collected from Small Area 
Health Insurance Estimates (SAHIE) (15). The uninsured percent-
age included residents who were not covered by insurance, which 
excluded those on government assistance such as Medicaid or 
Medicare. Finally, the data set summarizing racial distributions in 
a county included estimated population counts for American Indi-
an and Alaska Native, Asian, Black or African American, Native 
Hawaiian or other Pacific Islander, White, other race, and 2 or 
more races. Because of South Dakota's predominantly White pop-
ulation, the data were configured into White and non-White, 
which determined the non-White percentage per county (8) (Table 
1). 

Statistical analysis 

Data manipulation and missing value imputation 
Mortality rates and the various independent variables were com-
bined into 1 data set; 15 of the 66 counties were missing mortality 
rate data. Mortality rates are often suppressed from public availab-
ility when 3 or fewer deaths are reported in a county, to protect pa-
tient identity. To remedy the missing data, k-nearest-neighbor 
(KNN) imputation was used to estimate the missing mortality val-
ues. KNN imputation compares a data point xi with its k nearest 
neighbors and then approximates xi using the majority vote of 
these k neighbors in multidimensional space. For the data, k = 9 
nearest neighbors were used, and a weighted mean of the k nearest 
values was placed for each missing xi (16,17). This was done with 
the function “knn()” from the R package VIM version 6.1.1 (R 
Foundation for Statistical Computing) (18). 

Multiple linear regression 
We used multiple linear regression to model the relationship 
between the factors in this study and breast cancer mortality rates 

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, 
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2022/22_0113.htm 2  

www.cdc.gov/pcd/issues/2022/22_0113.htm


 
  

    

  
 

  
  

 

 

  

  

 

PREVENTING CHRONIC DISEASE VOLUME 19, E65 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY  OCTOBER 2022 

(19). We considered several potential predictor variables with ob-
served correlation, hence a stepwise variable selection technique 
was used, in both the forward and backward direction, to perform 
feature selection. As a result, a subset of the factors that were asso-
ciated with the mortality rates was obtained based on Akaike in-
formation criterion (AIC) (19,20). 

The resulting model is of the form 
for i = 1,2, … ,66 where  represents the estimated mortality rate 
for the i th county and  is the intercept. The variables X1i through 

Xji  represent the values of the factors for the i th county and 

through  are the coefficients that were estimated using the least 
squares regression method (19,21). To explore the data, 4 linear 
regression models were created, which differ by factors included 
in the model. 

The first regression model included all 8 factors as prediction vari-
ables resulting in Model 1. The regression model was then fitted 
by stepwise variable selection in both the forward and backward 
direction by using AIC as a model selection criterion. AIC re-
wards goodness of fit and penalizes the model’s complexity (19). 
This was done by using the R package MASS version 7.3–54 (R 
Foundation for Statistical Computing) (22). The simplified model 
resulted in Model 2. At this point, a decision was made to remove 
the incidence rate from the data to better see how the other so-
ciodemographic factors contributed to breast cancer outcomes, res-
ulting in Model 3. Model 3 was then fitted with stepwise variable 
selection, yielding Model 4. To best compare the expected mortal-
ity to the observed mortality with all predictors available, Model 2 
was chosen as the final model. Model 2 was then used to predict 
the expected mortality rates for the second standardized incidence 
ratio (SIR) that was computed (SIRLM). 

Standardized incidence ratio 

A SIR was used to compare the spatial distribution of counties in 
terms of mortality rates due to breast cancer. In general, the SIR 
compares the expected value of deaths to the observed value of 

deaths in a county. This is calculated with  where Oj is 
the observed value for county j, and Ej is the expected value for 
county j. A SIR of greater than 1 means that there were more 
deaths than expected, whereas a SIR of less than 1 means that 
there were fewer deaths than expected for that county. 

Because age-specific mortality rates by county were not available, 
the observed age-adjusted counts per county were computed from 

the age-adjusted rates per county as follows:  and 

,  where Oj  is the j th county’s ob-

served age-adjusted mortality rate and yj is the j th county’s popula-
tion. The expected count was computed to be on the same scale as 
the observed count. These manipulations were used only to calcu-
late an age-adjusted count SIR, referred to as SIRCOUNT. All other 
analysis of the data was completed with the original variable (Oj), 
as described in the data source. 

A SIR was calculated on the mortality in each South Dakota 
county (N = 66). To account for the age adjustment of the data, 2 
different SIRs were found: using the age-adjusted mortality count 
for South Dakota and using the expected rate obtained from the 
linear regression model. The first SIR accounted only for the age 
adjustment, and the second SIR accounted for more factors re-
lated to breast cancer. For example, the first SIR used the age-
adjusted mortality count for a county for both observed and expec-
ted (SIRCOUNT). The second SIR (SIRLM) used the mortality rates 
by county, which were per 100,000 persons and age-adjusted to 
the 2000 US standard population, and the South Dakota estimated 
population for observed and predicted mortality rate from the lin-
ear regression model for expected, which accounted for incidence 
rates and educational attainment. All statistical analyses used R 
version 4.1.2 and RStudio version 2021.09.2 build 382 (R Founda-
tion for Statistical Computing) (23,24). 

Results 
Exploratory data analysis 

To learn more about the data, we performed an Exploratory Data 
Analysis (EDA) using several techniques. We explored the geo-
graphic distribution of the breast cancer mortality rates by using a 
choropleth map of South Dakota with age-adjusted mortality and 
incidence rates (Figure 1). The eastern side of the state had lower 
and more consistent mortality rates, followed by the far western 
part of the state. The central west part of the state exhibited higher 
mortality rates. 
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Regression analysis 

Model 2 had the highest adjusted R2 value (0.10) and the lowest 
AIC (441.79), with 2 significant factors associated with mortality 
rate; Model 3 had the lowest adjusted R2 (.004) and the highest 
AIC (453.32), with no significant predictors of mortality. In Mod-
el 2, breast cancer incidence and educational attainment were pre-
dictors of breast cancer mortality, indicating that as more people 
are diagnosed with breast cancer and as the percentage of people 
with less than a bachelor’s degree increases, breast cancer mortal-
ity rate increases (Table 2). Educational attainment was a predict-
or of mortality in all models, and the educational attainment stat-
istic had a P < .001. 

Standardized incidence ratio 

Thirty-five of the 66 counties had a SIRCOUNT greater than 1, 
meaning that more than half of the counties had more deaths than 
expected (Figure 2). The 5 counties with the highest SIRCOUNT, in 
decreasing order, were Perkins, Mellette, Aurora, Douglas, and 
Corson. Of those, Perkins, Mellette, and Aurora had more than 
twice the expected number of deaths. Ziebach, Jackson, Davison, 
Tripp, and Meade counties had the lowest SIRCOUNT, with Ziebach 
and Jackson both being less than half the expected number of 
deaths. The highest SIRCOUNT was 2.15 and the lowest was 0.31. 

Figure 1. Map A shows the age-adjusted breast cancer mortality rates and 
Map B shows the age-adjusted breast cancer incidence rates, by county (N = 
66), South Dakota, 2001–2015. Counties whose mortality rates have been 
imputed are marked with a star. Source: South Dakota State Cancer Registry, 
South Dakota Department of Health (12). 

Five counties had higher mortality rates than the rest of the 
counties: Perkins, Mellette, Aurora, Douglas, and Corson. Two 
counties had lower mortality rates than the rest of the counties: 
Ziebach and Jackson. Eight counties (Bennet, Buffalo, Corson, 
Jackson, Mellette, Oglala, Todd, and Ziebach) had a poverty per-
centage greater than 30%, which was distinctly higher than the 
others; each county contains land on an American Indian Reserva-
tion. Minnehaha and Pennington counties had high screening 
rates; these counties are home to the first- and second-largest cit-
ies in South Dakota, respectively, so they also had the greatest 
number of screening providers. 

All variables, besides the number of providers and screening rate, 
had a correlation greater than zero with mortality rate. Incidence, 
educational attainment, and uninsured percentage all had a low 
positive correlation with mortality rate. The highest correlation 
with mortality rate was education attainment, at a value of 0.26. 
The remaining variables had a negligible correlation with mortal-
ity rate. 
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Figure 2. Map A shows the predicted breast cancer mortality rate of South 
Dakota counties, accounting for age-adjustment of the data, and Map B 
shows the predicted breast cancer mortality rate of South Dakota counties, 
accounting for age-adjustment, incidence rate, and educational attainment. 
Abbreviation: SIR, standardized incidence ratio. Map Sources: South Dakota 
State Cancer Registry, South Dakota Department of Health (12), Holzhauser 
et al (13), and the US Census Bureau (8). 

On the other hand, for the SIRLM, most counties had fewer deaths 
than expected, with 28 of 66 counties having a SIRLM greater than 
1. The 5 counties with the highest SIRLM were similar to the 
SIRCOUNT: Corson, Perkins, Aurora, Jones, and Mellette in de-
creasing order. No county had more than twice the expected num-
ber of deaths. The 5 counties with the lowest SIRLM were Ziebach, 
Jackson, Tripp, Oglala Lakota, and Davison. Ziebach and Jackson 
counties had less than half the number of expected deaths. The 
highest SIRLM was 1.94 and the lowest SIRLM was 0.35. 

The results of the SIRs (SIRCOUNT and SIRLM) are presented in 
Figure 2. The eastern side of the state showed similar SIR values 
while the western side of the state had more variation. Perkins, 
Mellette, Aurora, Douglas, and Corson counties had SIRCOUNT 

values that were much higher than those of the rest of the counties. 
Ziebach and Jackson counties had the lowest SIRCOUNT values. 

These counties with the highest SIRCOUNT made up 5 of the 6 
counties with the highest SIRLM values, with Jones County repla-
cing Douglas County. The 2 counties with the lowest SIRCOUNT 

values were the same 2 counties with the lowest SIRLM values. 

Discussion 
Overall, we found a significant association between incidence rate 
and educational level with respect to breast cancer mortality rates. 
Breast cancer incidence was positively associated with mortality 
rates in South Dakota, which suggests that more breast cancer 
cases are associated with more breast cancer deaths. In addition, 
educational attainment was repeatedly identified as a significant 
factor for mortality. Gadeyne et al found inconclusive results in 
their study of breast cancer mortality and education; however, Al-
bano et al found a significant association between educational 
levels and cancer in general (7,25), specifically that lower educa-
tional attainment was related to higher cancer mortality rates, re-
flecting the findings of this study. Race, median age, and number 
of women screened were not selected in the feature selection dur-
ing stepwise regression in our study; similarly, race, median age, 
and number of women screened were not significant in our full 
model. 

The 2020–2021 South Dakota Department of Education yearly re-
view stated that American Indians were the largest minority group 
in school. However, American Indians still have a 63% comple-
tion rate for high school graduation and 59% attendance rate, com-
pared with Whites who have a 94% completion rate for high 
school graduation and 94% attendance rate (26). An interesting 
point to consider is that South Dakota has no set standards for sex 
education (27). Thus, students are not taught reproductive health 
in general, including the importance of breast examinations, Pap 
smears, or prostate examinations. We advocate that set and scien-
tifically backed health standards in high school would expose stu-
dents at an early age to the risks of breast cancer and their options 
for screening. 

The western half of South Dakota had more variability in SIR val-
ues, and the state’s demographics could be a possible explanation. 
The 4 counties with the highest SIRs for both count and linear 
model SIRs were Corson, Perkins, Aurora, and Mellette, which are 
either in an American Indian reservation or neighbor a county 
within an American Indian reservation. Research on 3 tribes in 
western South Dakota supported that trust is often a barrier for 
American Indians (as are remote location and approvals by Indian 
Health Service programs) (28). Research in New Mexico reported 
that even after in-depth implementation of screening programs that 
lowered the barriers of cost, availability, and access to Native 
American and Hispanic women, the screening rates remained low, 
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under 40% of women annually (26). The high SIRs in or neighbor-
ing reservation counties may mean that trust is also an issue, and 
South Dakota has more to work on than accessibility to Native 
Americans. 

After controlling for incidence rate and educational attainment, the 
SIRLM values became less variable. The SIRs’ decrease in range 
and mean closer to 1 indicate that the factors did affect mortality 
rate. This again agrees with findings from Albano et al that educa-
tional attainment affects mortality (7). 

We found that some counties had a higher mortality rate than ex-
pected based on the age of the women in the county. Ziebach and 
Jackson counties had the highest mortality rates, and the counties 
with the lowest SIRs are not home to major medical centers. 
Haakon County is vertically between Ziebach and Jackson 
counties and is one of the counties that does not have a provider; 
however, Haakon County has a higher mortality rate than the aver-
age of counties of South Dakota and both SIRs greater than 1, 
which means there were more deaths than expected. The areas of 
the map where there are dark green counties next to dark red 
counties are either on an American Indian reservation or neighbor 
an American Indian reservation. The differences between counties 
do not come from any singular cause, but rather due to variations 
in race, poverty levels, and population size. 

Our study has limitations, primarily in the absence of portions of 
mortality data. Because South Dakota is largely a rural state, sev-
eral counties have small populations and see very few deaths from 
breast cancer. These numbers are then withheld from the public to 
protect the privacy of the patients. This suppression resulted in 
having to impute the mortality rates of 15 counties, possibly intro-
ducing errors. The assumptions of the regression model did not ac-
count for this error, which may confer bias on the results. The 
counties with American Indian reservations have another health 
system that could have resulted in the under-representation or 
over-representation of breast cancer deaths in those counties (29). 
In addition, a study found that the misclassification of the race of 
Native Americans caused an underestimation of mortality rates as 
well (30). These gaps in databases and their contents highlight re-
search challenges that rural communities will continue to face 
when few data are collected, populations and incidence are sparse, 
and data are inconsistently collected by multiple sources. So-
ciodemographic data are also challenging to consistently collect 
throughout a state. More detailed data per county would help yield 
accurate and unbiased results. For example, considering education, 
Zajacova and Lawrence argue that education is not a single-
generation factor (31). Having data on the educational attainment 
of a patient’s parents or family, in addition to their own education-

al attainment, would allow us to assess the risk and see the rela-
tionship between education and breast cancer incidence or mortal-
ity. Thus, more research is needed to understand the effects educa-
tion level has on financial security, stable employment, social suc-
cess, and in turn, breast cancer mortality. 

In conclusion, understanding the risk factors and geographic distri-
bution of breast cancer mortality among women across the state 
will assist stakeholders with efforts at prevention and resource al-
location guided by data. 
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Tables 

Factor Description 

Breast cancer incidence rates Age-adjusted breast cancer incidence rate per 100,000 persons 

Breast cancer screening rates Estimated mammography screening rates 

Number of screening providers The number of medical providers per county that provide breast cancer screening 

Poverty level The percentage of residents living in poverty per county 

Insurance status The percentage of residents without any insurance 

Median age Median age of the county’s residents 

Race The percentage of residents that are non-White 

Educational attainment The percentage of the population aged 25 years or older with less than a bachelor’s degree 

Table 1. Factors for Regression Analysis, Study on Breast Cancer Mortality in South Dakota, 2001–2015 
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Coefficient 

Model 1 Model 2 Model 3 Model 4 

Estimate (95% CI) 

Intercept −15.375 (−39.388 to 8.638) −11.113 (−32.253 to 10.026) −2.248 (−23.425 to 18.929) 4.114 (−12.158 to 20.386) 

Median age −0.059 (−0.481 to 0.363) — −0.043 (−0.478 to 0.391) — 

Non-white percentage −15.119 (−37.725 to 7.486) — −11.266 (−34.233 to 11.700) — 

Poverty percentage 0.208 (−0.292 to 0.708) — 0.030 (−0.455 to 0.515) — 

Uninsured percentage 0.532 (−0.275 to 1.340) — 0.418 (−0.406 to 1.242) — 

Number of providers 0.210 (−1.318 to 1.738) — 0.458 (−1.097 to 2.012) — 

Screened −0.002 (−0.013 to 0.009) — −0.003 (−0.015 to 0.008) — 

Incidence 0.101a (0.006 to 0.197) 0.085a (0.007 to 0.163) — — 

Educational attainment 0.286 (−0.100 to 0.672) 0.333b (0.088 to 0.578) 0.312 (−0.085 to 0.708) 0.258a (0.016 to 0.499) 

AIC 450.30 441.79 453.32 444.55 

Adjusted R 2 0.06 0.10 0.004 0.05 

Table 2. Regression Models, Study on Breast Cancer Mortality in South Dakota, 2001–2015 

Abbreviation: — , not applicable; AIC, Akaike information criterion. 
a P = .01. 
b P = .001. 
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Summary 

What is already known on this topic? 

Racial and ethnic disparities in the number of COVID-19 hospitalizations 
exist, and data on race and ethnicity in hospital electronic medical records 
are known to be inaccurate for non-White populations. 

What is added by this report? 

We described the inaccuracy of race and ethnicity identification in a large 
multiracial population, then projected these findings onto publicly avail-
able COVID-19 hospitalization data to estimate disparities by self-
identified, rather than hospital electronic medical record–based, race and 
ethnicity. 

What are the implications for public health practice? 

Accurate race and ethnicity data are essential for reliably measuring dis-
parities. Race and ethnicity data, especially in multiracial populations, 
should be confirmed when possible, and reporting practices could be eval-
uated to promote reliable results. 

Abstract 

Introduction 
The true extent of racial and ethnic disparities in COVID-19 hos-
pitalizations may be hidden by misclassification of race and ethni-
city. This study aimed to quantify this inaccuracy in a hospital’s 
electronic medical record (EMR) against the gold standard of self-
identification and then project data onto state-level COVID-19 
hospitalizations by self-identified race and ethnicity. 

Methods 
To identify misclassification of race and ethnicity in the EMRs of 
a hospital in Honolulu, Hawaii, research and quality improvement 
staff members surveyed all available patients (N = 847) in 5 co-
horts in 2007, 2008, 2010, 2013, and 2020 at randomly selected 
hospital and ambulatory units. The survey asked patients to self-
identify up to 12 races and ethnicities. We compared these data 
with data from EMRs. We then estimated the number of COVID-
19 hospitalizations by projecting racial misclassifications onto 
publicly available data. We determined significant differences via 
simulation-constructed medians and 95% CIs. 

Results 
EMR–based and self-identified race and ethnicity were the same 
in 86.5% of the sample. Native Hawaiians (79.2%) were signific-
antly less likely than non–Native Hawaiians (89.4%) to be cor-
rectly classified on initial analysis; this difference was driven by 
Native Hawaiians being more likely than non–Native Hawaiians 
to be multiracial (93.4% vs 30.3%). When restricted to multiracial 
patients only, we found no significant difference in accuracy (P = 
.32). The number of COVID-19–related hospitalizations was 8.7% 
higher among Native Hawaiians and 3.9% higher among Pacific 
Islanders when we projected self-identified race and ethnicity 
rather than using EMR data. 

Conclusion 
Using self-identified rather than hospital EMR data on race and 
ethnicity may uncover further disparities in COVID-19 hospitaliz-
ations. 

Introduction 
Despite efforts to address health inequities, there are persistent — 
and sometimes substantial — disparities in health among some ra-
cial and ethnic groups in the US and worldwide (1). Efforts to un-
derstand the magnitude and causes of these disparities are often 
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complicated by the lack of consensus on how one’s race and ethni-
city are defined. Although several approaches exist (2–4), the most 
common method and the current gold standard for determining 
race and ethnicity is self-identification, with federal best practices 
from the Centers for Medicare and Medicaid Services (CMS) 
available to guide standardized data collection, including informa-
tion to address key challenges in collecting these data (5). 

However, the accuracy of data on race and ethnicity in large ad-
ministrative data sets may be lacking, especially in non-White pa-
tient populations; the accuracy of such data is estimated to be 88% 
among the US patient population overall and 66% in non-White 
patient populations (6–17). Accuracy may be even less reliable 
among the increasing number of people who identify as mul-
tiracial, which is especially common among young people. To our 
knowledge, only 2 studies have investigated the accuracy of racial 
and ethnic information of multiracial populations in hospitals 
(6,13). Both studies showed less accuracy in correctly identifying 
race and ethnicity among multiracial patients (21% accuracy) than 
among nonmultiracial patients (65% accuracy) in the electronic 
medical record (EMR), although the number of multiracial pa-
tients in both studies was small (0.4% and 4.3% of the patient pop-
ulation). US Census data show that people younger than 18 years 
are nearly twice as likely as people aged 18 years or older to 
identify as multiracial (15.1% vs 8.8%) and that the number of 
people identifying as multiracial increased by 276% from 2010 to 
2020 (18). Thus, the challenges of identifying a person’s race and 
ethnicity will continue to grow. It is important to explore the im-
plications of these challenges by studying their potential impact in 
a highly diverse, multiracial, majority–minority population. 

COVID-19 has presented a challenge to our modern lives, but 
many racial and ethnic minority groups have a disproportionate 
burden of cases, hospitalizations, long-term complications, and 
deaths (19,20). As of March 2021, Native Hawaiians and Pacific 
Islanders had the highest death rate of any racial or ethnic group in 
18 of the 20 states that reported deaths among those 2 groups (21). 
In Hawaii, Pacific Islanders account for 5% of the population but 
22% of COVID-19 cases and deaths (22). A fundamental require-
ment for understanding the magnitude and causes of these disparit-
ies is accurate data on race and ethnicity. For example, publicly 
available data from the Hawaii Department of Health show that 
Native Hawaiians and Pacific Islanders make up a disproportion-
ate number of COVID-19 hospitalizations. But this number may 
have been underreported — and the true disparities underestim-
ated — if the race and ethnicity of some patients have been mis-
classified. 

The objective of our study was to determine the accuracy of race 
and ethnicity data in a hospital EMR system compared with self-

identified data and then use this information to determine how the 
magnitude of COVID-19 disparities among racial and ethnic 
groups would change if patients were correctly classified. 

Methods 
Accuracy of EMR-based data on race and ethnicity
vs self-identification 

The study population consisted of patients at The Queen’s Medic-
al Center (QMC), a 500-bed university-affiliated tertiary care hos-
pital in Honolulu, Hawaii. QMC is the largest health care system 
in the state and serves as the primary referral center for the Pacific 
Basin. 

We obtained survey data from QMC. Both inpatients and outpa-
tients were recruited to participate in a survey administered by 
trained data collectors who visited randomly selected hospital and 
ambulatory units and asked all available patients if they would 
participate. Data were collected in 5 cohorts as part of an ongoing 
quality assurance project conducted by hospital staff during 5 
years from 2007 through 2020 (2007, 2008, 2010, 2013, 2020). 
The major inclusion criterion was QMC patients who were 
provided care on the day of data collection. Non–English-speaking 
patients were included if a friend or family member was able to in-
terpret. We excluded patients who were in intensive care units, un-
able to respond verbally, declined participation, or lacked an ac-
cessible EMR at QMC at the time of data collection. The QMC in-
stitutional review board approved the study protocol. 

Patients were first asked to list all their races and ethnicities. 
Twelve spaces were provided for entries, but no patient listed 
more than 10 races or ethnicities. They were then asked to select 
the one that they identified with the most; this was defined as the 
self-identified race and ethnicity. Patient responses were aggreg-
ated to modified 1997 OMB minimal reporting guidelines that dis-
aggregated Native Hawaiians and Pacific Islanders into 2 groups 
to mirror COVID-19 reporting practices in the state. OMB 
guidelines encourage this additional granularity when possible and 
relevant to the population (3). A separate multiracial indicator was 
created to identify participants who reported at least 2 racial and 
ethnic categories per 1997 OMB guidelines (3). 

The process used at QMC to identify patient race and ethnicity for 
the EMR was developed in 2010 as part of a statewide collaborat-
ive among all acute care hospitals in Hawaii. The process was 
based on a framework developed by the Health Research & Edu-
cational Trust and implemented statewide via standardized tools 
and training (23). All patients were asked to identify the one race 
or ethnicity that they identified with the most. For patients who se-
lected multiple races and ethnicities, hospital staff members were 
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instructed to follow a hierarchical algorithm used by the Hawaii 
Department of Health (23). By hospital policy, once a patient 
identified a race and ethnicity, the hospital did not ask the ques-
tion again during future visits; thus, this framework applies only to 
first-time entries since 2010 (23). 

Survey responses on race and ethnicity for each patient were then 
compared with the race and ethnicity noted in their EMR (Epic 
Systems Corporation), the gold-standard for self-identification. 
Patients provided their hospital medical record number in their 
survey response, which study team members used to link surveys 
to the EMR. We defined accuracy as the sensitivity of the EMR in 
predicting a patient’s self-identification. EMR–based data were 
considered accurate if they matched the self-identification and in-
accurate if they did not. We calculated accuracy as the total num-
ber of hospital EMR entries that matched self-identification di-
vided by the total number of surveys. We also calculated positive 
predictive values for each self-identification and determined signi-
ficance for both measures via analysis of variance followed by 
pairwise Welch t tests. Reasons for lack of agreement were 
grouped into 3 categories: 1) the race and ethnicity listed in the 
EMR differed from self-identification but was listed in the 
patient’s original list of self-reported races and ethnicities, 2) the 
race and ethnicity listed in the EMR was not included in the pa-
tient’s original list of self-reported races and ethnicities, and 3) no 
entry for race was found in the EMR. When we found no entry for 
race (n = 6), we categorized patients as belonging in the “Other” 
group and set their default status as “inaccurate EMR entry.” We 
generated a confusion matrix (a table used to define the perform-
ance of a classification algorithm) to explore patterns in disagree-
ment by race and ethnicity. 

We conducted additional analyses to compare accuracy among 
subpopulations, such as multiracial versus single-racial, patients 
with different self-identifications, and patients in different cohorts. 
Subsequent analyses consisted of χ2 tests, paired Welch t tests, or 
analysis of variance followed by paired Welch t tests, as appropri-
ate. 

Impact on statewide COVID-19 racial and ethnic
health disparities 

Our data on the number of COVID-19–related hospitalizations 
were publicly available from the Hawaii Department of Health, 
current as of January 12, 2022, when the state stopped publicly re-
porting the number of hospitalizations by race and ethnicity. Dur-
ing the COVID-19 pandemic, hospitals and laboratories were re-
quired to submit detailed data on hospitalizations, including data 
on race and ethnicity, age, and other demographic characteristics 
of patients. Thus, statewide, publicly reported data on race and 
ethnicity data were derived directly from hospital EMR data. All 

d a t a  a r e  a v a i l a b l e  a t  h t t p s : / / h e a l t h . h a w a i i . g o v /  
coronavirusdisease2019/current-situation-in-hawaii (24). QMC ac-
counted for 45% of all COVID-19 hospitalizations in the state, 
with patient demographics closely matching the characteristics of 
all COVID-19–hospitalized patients statewide. 

We explored projected COVID-19 hospitalization rates by self-
identification vs EMR-based data by using a simulation (25) in 3 
steps. In the first step, we created a pseudo-population matrix 
based on publicly available COVID-19 hospitalization data from 
the Hawaii Department of Health. This pseudo-population matrix 
had a row for each hospitalization and a column containing a 
hospital-reported race and ethnicity in proportion to the state’s ra-
cial breakdown. Second, each entry (a patient’s EMR-based race 
and ethnicity) was then randomly assigned a projected self-
identified race and ethnicity, with probabilities based on the race 
and ethnicity confusion matrix derived from the QMC surveys. 
This value was added as a second column. In the third step, we tal-
lied total self-identified race and ethnicity estimates for the projec-
ted population. Steps 2 and 3 were repeated 1,000 times to gener-
ate a distribution, from which a median and 95% CIs for each self-
identified race and ethnicity were derived. An initial χ2 test was 
conducted to determine whether the median projected distribution 
of self-identification differed significantly from the state’s estim-
ates based on hospital EMR data. Projected self-identified popula-
tion proportions by race and ethnicity were considered signific-
antly different from the proportions among the hospital-derived 
race and ethnicity if the hospital-derived number fell below the 
2.5th or above the 97.5th percentile (ie, outside a 95% CI); P val-
ues were determined by assuming simulation results were nor-
mally distributed. We created a density plot to compare the distri-
bution of self-identified race and ethnicity with the distribution of 
EMR–based race and ethnicity for each racial and ethnic group. 

All analyses were conducted by using R statistical software for 
Mac, version 4.0.5 (R Foundation for Statistical Computing). We 
also used tidyverse and Mosaic for data manipulation and general 
utility (26,27). 

Results 
Accuracy of EMR-based race and ethnicity vs self-
identification 

A total of 847 surveys were obtained from QMC. Participants 
were evenly distributed among the 5 cohorts, with each cohort 
consisting of more than 100 responses. 

Our study population was majority–minority, with no single self-
identified race and ethnicity reported by more than 50% of the sur-
vey participants. The largest self-identified groups reported by sur-
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vey were Native Hawaiian (21.7%) and Pacific Islander (18.1%), 
and Asian (33.3%), followed by non-Hispanic White (21.2%), 
Hispanic (2.7%), non-Hispanic Black (1.9%), and Other (1.1%). 
This distribution closely matched the distribution of EMR–based 
data, which was the following: Native Hawaiian (18.8%) and Pa-
cific Islander (17.2%), and Asian (33.0%), followed by non-
Hispanic White (22.5%), Hispanic (2.5%), non-Hispanic Black 
(2.2%), and unknown or missing (3.8%). Our survey sample was 
similar to the statewide population of people reported to have been 
hospitalized with COVID-19, but the sample had more Native 
Hawaiians and Pacific Islanders relative to the state’s general pop-
ulation and fewer Asians and non-Hispanic White people. 

Forty-four percent (373 of 847) of survey participants listed more 
than 1 race and ethnicity. Among these multiracial participants, 
the average number of races and ethnicities reported was 3.1, with 
a maximum of 10. Participants who self-identified as Native 
Hawaiian were more likely than all other groups to be multiracial 
(92.4%), while Pacific Islanders were the least likely to be mul-
tiracial (15.0%). Approximately one-quarter (26.3%) of self-
identified Asian participants, 43.6% of self-identified non-
Hispanic White participants (Table 1), 47.8% of self-identified 
Hispanic participants, and 43.8% of self-identified non-Hispanic 
Black participants identified as multiracial. Self-identified Native 
Hawaiians who were multiracial also listed significantly more 
races and ethnicities than other groups (Native Hawaiian, 3.3; 
non–Native Hawaiian, 2.8; t = −3.39; P < .001). 

The overall agreement between self-identified race and ethnicity 
and EMR-based race and ethnicity was 86.5% (733 accurate, 114 
inaccurate). Of the nonagreements, 43 (37.7%) of the EMR-based 
races and ethnicities matched their self-reported options, but it was 
not the race and ethnicity the patient identified with the most; 65 
(57.0%) were complete mismatches, where the EMR-based race 
and ethnicity were not listed by the patient at all; and 6 (5.3%) 
were the result of the EMR lacking any entry for race (Table 2). 

The accuracy of EMR-based race and ethnicity was significantly 
lower for Native Hawaiian patients (79.2%) than for Asian 
(92.2%), non-Hispanic White (90.5%), and Pacific Islander pa-
tients (90.8%) (Figure 1). (Non-Hispanic Black and Hispanic pa-
tient populations were considered too small for reliable and com-
parable analysis.) This disparity was driven largely by Native 
Hawaiians being more likely to be multiracial, as patients who 
were multiracial were significantly less likely to be categorized 
correctly in the EMR (78.0% vs 94.5%; P < .001). When we re-
stricted our analysis to multiracial patients only, we found no sig-
nificant differences (P = .32) in accuracy among Native Hawaiian 
(78.5%), Asian (78.4%), non-Hispanic White (80.8%), and Pa-
cific Islander patients (82.6%) (Figure 1). We found no signific-

ant difference in accuracy among the 162 patients who reported 2 
races and/or ethnicities and the 210 patients who reported more 
than 2 (80.9% vs 75.7%, P = .23). 

Figure 1. Overall accuracy of race and ethnicity in the electronic medical 
records of patients in a hospital in Honolulu, Hawaii. Overall accuracy was 
defined as the total number of hospital electronic medical record entries that 
matched the self-identified description divided by the total number of surveys. 

Accuracy varied by year with no apparent trend (2007, 82.4%; 
2008, 87.5%; 2010, 92.1%; 2013, 90.2%; 2020, 85.6%). We found 
no differences in accuracy by patient age (t = 1.59; P = .11). 

Impact on statewide COVID-19 racial and ethnic
health disparities 

As of January 12, 2022, Hawaii had 4,041 COVID-19–related 
hospitalizations. Asian patients accounted for the largest percent-
age of COVID-19–related hospitalizations (37.8%), followed by 
Native Hawaiian (22.8%), Pacific Islander (17.8%), non-Hispanic 
White (15.4%), and patients of other races and ethnicities (6.2%). 
Native Hawaiians and Pacific Islanders were overrepresented rel-
ative to their share of the state’s population, whereas Asian and 
non-Hispanic White patients were underrepresented. However, the 
racial and ethnic distribution of COVID-19–related hospitaliza-
tions in Hawaii was similar to the distribution in our EMR data, 
indicating that the demographic characteristics of patients with 
COVID-19–related hospitalizations were similar to the demo-
graphic characteristics of patients who were hospitalized before 
COVID-19. 

The overall differences between the adjusted and original COVID-
19–related hospitalizations were significant (χ2 = 22.0, P < .001). 
The simulated distributions showed that projected COVID-
19–related hospitalizations among self-identified Native Hawaii-
ans and Pacific Islanders were significantly higher than state es-
timates, whereas projected COVID-19–related hospitalizations 
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among the “other” races were significantly lower (Figure 2). The 
median number of COVID-19–related hospitalizations among 
Native Hawaiian patients was 8.7% higher (1,003 vs 923 hospital-
izations) when self-identification rather than EMR-based data 
were used, and the overall increase in population share was 2.0 
percentage points (from 22.8% of the population to 24.8%). The 
number of COVID-19–related hospitalizations also was higher 
when self-identification was used among Pacific Islander patients 
in both total numbers (+3.8%, from 728 hospitalizations to 756) 
and population share (+0.7 percentage points, from 18.0% to 
18.7%); we found lower median numbers of COVID-19–related 
hospitalizations among all other races and ethnicities when we 
used self-identification rather than EMR-based data (Figure 2). 
While most of the newly identified Pacific Islander patients were 
reclassified from the EMR-based “other” race category, patients 
newly identified as Native Hawaiian came from many different 
EMR-based categories (Table 2). 

Figure 2. Results for a simulation of COVID-19–related hospitalizations that 
compared the distribution of adjusted self-identified race and ethnicity 
(simulated distribution) with the distribution of state-reported race and 
ethnicity (solid vertical lines). “Other” refers to any patient whose self-reported 
race did not match predefined categories (eg, “metropolitan,” “mixed,” blank 
response). 

Discussion 
The accuracy of race and ethnicity in the EMR system of our 
study hospital, which has a diverse and multiracial population, was 
similar to the accuracy of the gold-standard of self-identification 
(86.5% accuracy for both). Yet even the slight disagreement in 
categorization was enough to affect health disparities in COVID-
19–related hospitalization rates in Hawaii: the median number of 
COVID-19–related hospitalizations was 8.7% higher among Nat-
ive Hawaiians and 3.8% higher among Pacific Islanders when we 
used self-identified data on race and ethnicity instead of EMR-
based data. 

The accuracy of our EMR race and ethnicity data is similar to the 
accuracy found in other reports in the literature (88%) (6–17), al-
though our analysis included a diverse, majority–minority popula-
tion and data that were collected over a longer period. The accur-
acy of racial and ethnic classification in our hospital’s EMR sys-
tem for non-White populations (86%) was greater than the accur-
acy reported in the literature (66% for non-White) (6–17). 

Several factors may explain the discordance between our survey 
results and hospital EMR-based racial and ethnic categories. First, 
despite standardized hospital procedures to identify race and ethni-
city, inconsistencies in data collection may exist. These inconsist-
encies may apply particularly to patients who are critically ill, can-
not speak English, or have difficulty communicating (6–17). 
Second, the assumption that the race with which a person most 
identifies is fixed over time, and thus does not need to be con-
firmed at subsequent visits, may not be appropriate. However, this 
discrepancy does not account for the 5.1% (43 of 847) of patients 
who indicated an EMR-based race or ethnicity that was not among 
any of the self-identified races or ethnicities reported during the 
survey. Third, it may not be reasonable to expect a single race and 
ethnicity to fully describe a person’s identity, especially a person 
who is multiracial. The US Department of Health and Human Ser-
vices acknowledges that the most recent data standards published 
in 2011 might not work in “other contexts,” such as administrat-
ive records that allow for a single entry only (4). This shortcom-
ing is especially important for groups such as Native Hawaiians, 
who have access to resources (such as special programs and fund-
ing) devoted to any person who has Native Hawaiian lineage. 
Thus, estimates involving Native Hawaiian people often intend to 
capture a broader audience than estimates comprising people who 
identify as Native Hawaiian only. Other strategies, such as allow-
ing for a separate indicator variable for populations of interest, 
may be necessary to ensure a complete census and appropriate al-
location of resources. 
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Our results address a major gap in the literature by determining the 
accuracy of EMR-based data on race and ethnicity in a highly di-
verse population, including people who are most likely to experi-
ence health inequities, and they demonstrate the potential impact 
of misclassification of race and ethnicity in health research. Our 
findings have broad implications for public health. First, with 
86.5% congruence between EMR-based and self-identified race 
and ethnicity, our findings suggest that EMR-based data are gener-
ally accurate. However, the lower accuracy among multiracial pa-
tients than among nonmultiracial patients highlights the need to re-
inforce or modify the standardized approach to collection of data 
on race and ethnicity. Second, the number of people who self-
identify as multiracial is rapidly growing, and this population is 
becoming increasingly diverse. Although our results suggest that 
the accuracy of EMR-based data may be lower among multiracial 
populations than among nonmultiracial populations, it is not clear 
what the correct approach should be for collecting data on mul-
tiracial populations. What is the preferred approach if multiple cat-
egories of race and ethnicity are allowed in the collection of data 
for public health purposes? What if a multiracial person does not 
want to choose a single race or ethnicity? We emphasize that ac-
curacy is diminished not because people are multiracial but be-
cause systems are not set up to capture data on race and ethnicity 
for this population. 

Limitations 

Our study is subject to several limitations. First, our projections 
were based on self-identification of race and ethnicity in a sample 
of patients seeking care in a single hospital with a strong commit-
ment to the health of Native Hawaiians and Pacific Islanders, and 
our results may be less generalizable to other hospitals within and 
outside Hawaii. However, QMC is the largest hospital in the state 
and accounted for 45% of all COVID-19–related hospitalizations. 
Moreover, the demographic characteristics of COVID-19 patients 
at QMC were similar to the demographics of the population in 
Hawaii. Second, we aggregated race and ethnicity categories to 
broader categories to explore the impact of our findings on state-
reported data. This process resulted in the loss of specificity and, 
thus, may weaken our claim that our reference group was the gold 
standard. Third, it is possible that our projections would be less ac-
curate for other COVID-19–related indicators, such as COVID-19 
vaccinations, cases, and deaths, where race- and ethnicity-
stratified data may be collected in a variety of ways rather than 
solely through the hospital’s EMR system. Fourth, there may be 
confounders in our self-identification projections. Multiracial 
people are more likely to be younger than 18 years, but younger 
people are also less likely to be hospitalized with COVID-19. We 
demonstrated that age did not affect the misclassification rate. 
However, our data set did not permit us to assess the confounding 

potential of other risk factors of COVID-19 hospitalizations such 
as comorbidities, occupation, or likelihood of vaccination. 
Individual-level COVID-19 hospitalization data with more covari-
ates may have led to more accurate projections. Finally, all single-
category racial and ethnic classification systems assume that ra-
cial identity is a static and singular entity and make no distinc-
tions among the wide range of experiences, backgrounds, and 
needs of individuals. 

Conclusion 

In a multicultural, majority–minority population of patients in a 
hospital in Hawaii, the accuracy of race and ethnicity in the hospit-
al EMR system was 86.5% when compared to the gold-standard of 
self-reported race and ethnicity. Multiracial patients were signific-
antly more likely than nonmultiracial patients to be miscategor-
ized. When we projected this misclassification onto state-level 
COVID-19 hospitalization data in Hawaii, we found larger health 
disparities by race and ethnicity among Native Hawaiians and Pa-
cific Islanders. Thus, race and ethnicity misclassification in hospit-
al EMR records may mask the true burden of disease among Nat-
ive Hawaiians and Pacific Islanders. Further research is needed to 
determine whether these findings are generalizable to other racial 
and ethnic groups in other geographical areas. 
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Tables 

Item Asian Native Hawaiian Pacific Islander Non-Hispanic White 

Patient survey population 

Overall, % 33.3 21.7 18.1 21.2 

Multiracial, % 26.3 92.4 15.0 43.6 

No. of races listed, mean (SD) 2.8 (0.9) 3.3 (1.5) 3.0 (1.1) 2.5 (1.2) 

Age, mean (SD), y 53.2 (19.3) 50.5 (13.5) 49.1 (17.9) 56.1 (16.3) 

Hospital electronic medical records,b % 33.0 18.8 17.2 22.5 

State-reported COVID-19–related hospitalizations,c % 37.8 22.8 17.8 15.4 

Table 1. Demographic Characteristics of Patient Respondents to a Hospital Race Validation Survey,a Patients in a Hospital Electronic Medical Record System,b and 
Patients Included in State-Reported COVID-19–Related Hospitalizationsc 

a Survey data were collected in 5 cohorts as part of an ongoing quality assurance project conducted by The Queen’s Medical Center, Honolulu, Hawaii, during 5 
years from 2007 through 2020 (2007, 2008, 2010, 2013, 2020).
b Extracted from The Queen’s Medical Center’s electronic medical records. 
c Extracted from publicly available data on 4,041 COVID-19–related hospitalizations from the Hawaii Department of Health, current as of January 12, 2022 (24). 
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Self-identified race 
and ethnicity 

Hospital EMR-based race and ethnicity 

Asian 
Non-Hispanic
Black 

Non-Hispanic
White Native Hawaiian Pacific Islander Other 

Positive 
predictive value 

Asian 259 0 8 5 0 9 0.92 

Non-Hispanic Black 0 16 0 0 0 0 1.00 

Non-Hispanic White 3 0 162 6 1 7 0.91 

Native Hawaiian 13 2 12 145 3 8 0.79 

Pacific Islander 2 0 1 0 139 11 0.91 

Other 2 1 7 3 2 18 0.55 

Sensitivityb .93 .84 .85 .91 .96 .34 — 

Table 2. Confusion Matrix Showing Agreement Between Hospital Electronic Medical Records and Self-Identified Race and Ethnicity Among 847 Patients in a Hospit-
al in Honolulu, Hawaiia 

a Survey data were collected in 5 cohorts as part of an ongoing quality assurance project conducted by The Queen’s Medical Center, Honolulu, Hawaii, during 5 
years from 2007 through 2020 (2007, 2008, 2010, 2013, 2020).
b Overall accuracy of data (sensitivity) = 0.88. 
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Summary 

What is already known on this topic? 

Southern US states bear a disproportionate burden of food insecurity and 
also have a higher prevalence of informal caregivers compared with other 
US states. 

What is added by this report? 

The characteristics of caregivers associated with food insecurity have not 
been examined previously, so we assessed caregiving-related predictors of 
food insecurity among caregivers in Alabama, Mississippi, Tennessee, and 
Louisiana. 

What are the implications for public health practice? 

Screening of caregivers for food insecurity in health care settings and sub-
sequent linkage to appropriate food and caregiving support resources 
should be a priority of future policies targeting food insecurity. 

Abstract 

Introduction 
Given the disproportionate burden of food insecurity in the south-
ern US states and the high prevalence of caregiving in this area, 
we assessed caregiving-related predictors of food insecurity 
among caregivers in 4 southern US states. 

Methods 
We used data from the 2015 Behavioral Risk Factor Surveillance 
System (BRFSS) for individuals aged 18 years or older who 
resided in Alabama, Louisiana, Mississippi, and Tennessee to as-
sess the association between caregiving status and food insecurity, 
accounting for the complex survey design of BRFSS. Caregiving-

related predictors of food insecurity were identified by using mul-
tivariable logistic regression. 

Results 
Weighted counts of caregivers and noncaregivers were 356,198 
and 652,737, respectively. Prevalence of food insecurity was high-
er among caregivers than noncaregivers (35.9% vs 25.9%). Ad-
justing for sociodemographic predictors, caregivers had 56% (95% 
CI, 1.30–1.87; P < .001) higher odds of food insecurity than non-
caregivers. Among caregivers, those caring for a spouse or a part-
ner (adjusted odds ratio [aOR] = 1.7; 95% CI, 1.02–2.85; P = .04) 
had significantly higher odds of food insecurity compared with 
those caring for parents or parents-in-law. Caregivers who had 
been caregiving for 6 months to 2 years had higher odds of food 
insecurity compared with those who had been caregiving for less 
than 6 months (aOR = 1.88; 95% CI, 1.12–3.16; P = .02). Care-
givers who reported a need for support services had higher odds of 
food insecurity compared with those who did not (aOR = 3.38; 
95% CI, 2.19–5.21; P < .001). Caregivers caring for people with 
musculoskeletal conditions, compared with people with neurolo-
gic conditions, had higher odds of food insecurity (aOR = 3.47; 
95% CI, 1.52–7.91; P = .003). 

Conclusion 
Caregiver screening for food insecurity in health care settings and 
linkage to appropriate food and caregiving support resources 
should be prioritized by future health policies. 

Introduction 
Informal caregivers provide unpaid assistance or supervision with 
personal tasks not including childcare to a relative or friend who 
cannot perform these tasks because of cognitive, physical, or psy-
chological impairments (1). Southern US states were reported to 
have the highest prevalence of informal caregivers (≥25%) during 
2015 to 2017 (2). Caregiving is demanding and is associated with 
poor health outcomes such as chronic stress, obesity, diabetes, and 
mental health problems (3–5). Additionally, age-adjusted rates of 
informal caregivers reporting fair or poor health in Alabama, 
Louisiana, Mississippi, and Tennessee during 2015 to 2017 were 
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reported to be 20% or more (2). Caregiving has been recognized 
as a public health issue, and its burden is likely to worsen with the 
rapidly growing aging population in the US (6). 

In addition to adversely affecting caregiver health, caregiving also 
creates financial strain on the caregiver, which could affect their 
ability to afford food. Approximately 20% of a caregiver’s in-
come is reportedly spent on caregiving expenses, with household 
and medical expenses being the biggest drivers of caregiving-
related expenses (7). A 2012 study reported that caregivers were 
twice as likely to report food insecurity compared with noncare-
givers (8). Between 2017 and 2019, the household food insecurity 
rate in southern US states was higher than that of the rest of the 
country (9). 

Despite southern US states bearing a disproportionate burden of 
food insecurity and caregiving, the characteristics of caregivers as-
sociated with food insecurity has not been examined. We assessed 
the prevalence of food insecurity among adult caregivers and the 
association of food insecurity and caregiving status in 4 southern 
US states: Alabama, Louisiana, Mississippi, and Tennessee. We 
also sought to identify caregiving characteristics associated with 
food insecurity among caregivers. Our findings will help plan ap-
propriate policies for assisting caregivers most at risk of food in-
security. 

Methods 
This was a cross-sectional study of data from the 2015 Behavioral 
Risk Factor Surveillance System (BRFSS) that included adult in-
formal caregivers in Alabama, Louisiana, Mississippi, and Ten-
nessee. 

The BRFSS is a collaborative project of the Centers for Disease 
Control and Prevention (CDC) and the US states and territories. 
BRFSS data are collected annually from noninstitutionalized US 
adults by state-based surveillance systems following a population 
density–based strata sampling design and random-digit–dialing 
telephone survey. Each respondent is assigned weights calculated 
through iterative proportional fitting for each stratum to be con-
sidered nationally representative. Because BRFSS data are pub-
licly available, this project was deemed exempt from institutional 
review board review. We used data from 2015, the latest year for 
which the information on both caregiving and food insecurity was 
available in the BRFSS data set. 

Measures 

Adult informal caregivers were identified from the survey item, 
“People may provide regular care or assistance to a friend or fam-
ily member who has a health problem or disability. During the 

past 30 days, did you provide regular care or assistance to a friend 
or family member who has a health problem or disability?” Those 
who replied yes or no were included in the analysis, and their care-
giver status was designated as such. Those who refused to answer 
the caregiving question were excluded from analysis. 

Food insecurity, which is the lack of reliable access to affordable 
and nutritious food, was assessed via the item, “How often in the 
past 12 months would you say you were worried or stressed about 
having enough money to buy nutritious meals?” Those who re-
sponded “rarely” or “never” were considered food secure, and 
those who responded “always,” “usually,” or “sometimes” were 
considered food insecure. The food insecurity variable was dicho-
tomized following the methodology of previous studies (10). Re-
spondents who had missing values for the food insecurity ques-
tion were excluded from the analysis. 

Caregiving characteristics considered for examining predictors of 
food insecurity among adult informal caregivers were relationship 
with caregiver (parent or parent-in-law, child or grandchild, 
spouse or partner, other), care recipient condition (mental or neur-
ologic, metabolic or cardiovascular, musculoskeletal, cancer, or 
other), caregiving 40 hours or more per week (yes or no), months 
spent caregiving (less than 6 months, 6 months to up to 2 years, 2 
years or more), need for support services (yes or no), helping with 
activities of daily living (ADLs) and instrumental activities of 
daily living (IADLs) (yes or no). ADLs are personal activities that 
a care recipient might need an informal caregiver’s help with and 
were identified from the BRFSS item, “In the past 30 days, did 
you provide care for this person by managing personal care such 
as giving medications, feeding, dressing, or bathing?” IADLs are 
activities that are broader in scope, requiring coordination and 
planning, with which the care recipient might need an informal 
caregiver’s help (11), and were identified from the BRFSS item, 
“In the past 30 days, did you provide care for this person by man-
aging household tasks such as cleaning, managing money, or pre-
paring meals?” Informal caregivers often benefit from support ser-
vices such as classes about caregiving activities (eg, giving medic-
ations, help in getting access to services, support groups, individu-
al counseling to help cope with giving care, respite care) that en-
able them to take better care of their care recipients. Therefore, 
need for support services was assessed from the BRFSS item, “Of 
the following support services, which one do you MOST need, 
that you are not currently getting?” Responses were dichotomized 
into needed any type of support services or did not need any. 

Sociodemographic variables included age, sex, race and ethnicity, 
education, marital status, employment status, annual household in-
come, health insurance, and Metropolitan Statistical Area (MSA) 
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indicator. We controlled for MSA in our analysis because it had 
been reported that the prevalence of food insecurity in urban areas 
is higher than in suburban or rural areas (9). 

Statistical analysis 

We described the overall and state-based prevalence estimates of 
food insecurity among caregivers and noncaregivers using 
weighted percentages, and we described the sociodemographic 
characteristics as proportions, by caregiving status. We also repor-
ted the caregiving-related characteristics of the caregivers in the 
sample and the prevalence of food insecurity among them. The as-
sociation between caregiving status and food insecurity was de-
termined by using a multivariable logistic regression model, adjus-
ted for sociodemographic characteristics (Figure 1). Sociodemo-
graphic and caregiving-related correlates (relationship with care-
giver, care recipient condition, hours per week, months since care-
giving began, need for support services, assisting with ADLs, and 
assisting with IADLs) of food insecurity were assessed by using 
multivariable logistic regression (Figure 2). We reported odds ra-
tios, 95% CIs, and the associated P values. All analyses accounted 
for the complex sampling design of the BRFSS, and appropriate 
subsample procedures and survey weights were used. Analysis 
was conducted by using SAS version 9.4 (SAS Institute, Inc), and 
complete case analysis was done for all analyses. We set signific-
ance at P < .05. 

Figure 1. Association of caregiver status with food insecurity, adjusting for 
sociodemographic covariates, Behavioral Risk Factor Surveillance System, 
2015. 

Figure 2. Association of caregiver characteristics with food insecurity, 
adjusting for  sociodemographic  covariates,  Behavioral  Risk Factor  
Surveillance System, 2015. 

Results 
Overall, 35.9% (95% CI, 33.9%–37.9%) of caregivers and 25.9% 
(95% CI, 24.8%–26.9%) of noncaregivers in Alabama, Louisiana, 
Mississippi, and Tennessee reported food insecurity in 2015 (Ta-
ble 1). In these 4 states, the prevalence of food insecurity among 
caregivers  was  h ighes t  in  Louis iana  (38 .2%;  95%  CI ,  
34.2%–42.3%). Caregivers aged 18 to 34 years and 35 to 64 years 
had a higher proportion of food insecurity than their noncaregiv-
ing counterparts (18.1% vs 13.2% and 66.6% vs 60.3%, respect-
ively), and they also had a higher proportion of food insecurity 
than caregivers aged 65 years or older (15.3%) (Table 2). Most 
caregivers who experienced food insecurity were aged 35 to 64 
years (66.6%; 95% CI, 61.0%–72.1%). Among both caregivers 
and noncaregivers, most food-insecure individuals were White and 
female. Most of the food-insecure adults in the caregiver sample 
were either  married or  part  of  a  couple  (46.1%; 95% CI,  
40.5%–51.6%) followed by those who were divorced, separated, 
or widowed (31.8%; 95% CI, 26.8%–36.8%). Unemployed adults 
reported a higher prevalence of food insecurity (38.0%; 95% CI, 
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32.4%–43.6%) than employed adults (36.1%; 95% CI, 30.7–41.5). 
Among the food-insecure caregivers in the sample, the highest 
proportion had an annual household income between $15,000 and 
$35,000 (46.7%; 95% CI, 41.2%–52.3%), had health insurance 
(74.9%; 95% CI, 69.5%–80.4%), and lived in an MSA (67.9%; 
95% CI, 63.1%–72.7%). 

Most caregivers were caring for their parents or parents-in-law 
(42.9%; 95% CI, 39.5%–46.3%), were caring for less than 40 
hours each week (73.6%; 95% CI, 70.6%–76.7%), and had been 
prov id ing  ca re  fo r  2  yea r s  o r  more  (56 .4%;  95%  CI ,  
53.1%–59.7%) (Table 3). In terms of caregiving conditions, 18.9% 
(95% CI, 16.4%–21.4%) were caring for people with mental or 
neurologic conditions, 13.9% (95% CI, 11.8%–16.0%) for meta-
bolic or cardiovascular conditions, 6.8% (95% CI, 4.8%–8.8%) for 
musculoskeletal conditions, and 7.8% (95% CI, 5.8%–9.7%) for 
cancer. Approximately two-thirds of caregivers (62.0%; 95% CI, 
58.8%–65.2%) helped their care recipient with ADLs and 84.5% 
(95% CI, 82.3%–86.8%) with IADLs. Approximately one-fifth of 
caregivers (18.7%; 95% CI, 16.1%–21.3%) expressed a need for 
caregiver support services (Table 3). Prevalence of food insecur-
ity was highest among caregivers who were caring for children or 
grandchildren who had a health condition (37.2%; 95% CI, 
27.7%–46.7%) and those with musculoskeletal conditions (48.3%; 
95% CI, 32.6%–63.9%). Food insecurity was also highest among 
those who were caregiving for 40 hours per week or more (39.2%; 
95% CI, 32.3%–46.1%), had been caregiving for 6 months up to 2 
years (34.0%; 95% CI, 25.5%–42.6%), expressed a need for care-
giver support services (49.5%; 95% CI, 41.8%–57.3%), and were 
helping with ADLs (34.6%; 95% CI, 30.2%–39.1%) or IADLs 
(32.7%; 95% CI, 28.9%–36.3%). 

After accounting for age, sex, race and ethnicity, state, income, 
education level, marital status, insurance status, and MSA, care-
givers had higher odds of reporting food insecurity (adjusted odds 
ratio [aOR] = 1.56; 95% CI, 1.30–1.87; P < .01) than noncare-
givers (Figure 1). Caregivers who cared for a spouse or partner 
(aOR = 1.7; 95% CI, 1.02–2.85; P = .04) had significantly higher 
odds of food insecurity compared with those who cared for par-
ents or parents-in-law (Figure 2). In terms of caregiving duration, 
compared with caregivers who had been caregiving for less than 6 
months, those caregiving for 6 months to up to 2 years had signi-
ficantly higher odds of food insecurity (aOR = 1.88; 95% CI, 
1.12–3.16; P = .02) (Figure 2). Compared with those who did not 
express a need for caregiver support services, caregivers who ex-
pressed a need for such support services had higher odds of food 
insecurity (aOR = 3.38; 95% CI, 2.19–5.21; P < .001). Finally, in 
terms of caregiving conditions, compared with caregiving for 
neurologic conditions, caregivers caring for people with musculo-

skeletal conditions, especially arthritis (aOR = 3.47; 95% CI, 
1.52–7.91; P = .003), had higher odds of food insecurity. 

Discussion 
In 2015, food insecurity was higher among caregivers, both over-
all and in the 4 southern US states we assessed — Alabama, Mis-
sissippi, Louisiana, and Tennessee — with the highest prevalence 
reported in Louisiana. Furthermore, caregivers in these states had 
higher odds of food insecurity even after accounting for so-
ciodemographic characteristics. We found that caregivers who 
care for their spouses or partners and those who care for their chil-
dren or grandchildren had higher odds of food insecurity than 
those who cared for their parents or parents-in-law. This finding 
could be due to care recipients such as spouses, partners, and chil-
dren sharing the same household, which could result in increased 
health care spending, increased financial strain, and resultant de-
crease in resources to afford nutritious food (7). Food insecurity 
issues among caregivers of children with certain health conditions 
has been well documented (12,13). Although literature on food in-
security among those who provide care for spouses and partners is 
scarce, evidence exists of a substantial caregiving burden among 
caregivers for spouses with chronic or terminal diseases and its as-
sociation with health conditions such as depression and anxiety 
(14,15). Therefore, caring for spouses or partners could result in 
worse physical and mental health of the caregivers, which in turn 
could increase health care spending and predispose them to food 
insecurity. Thus, screening for food insecurity should be made 
available for those caring for young children and for spouses or 
partners. Future food insecurity interventions should also priorit-
ize such caregivers and their households. 

According to our study, people caregiving for 6 months to less 
than 2 years were more likely to experience food insecurity than 
those caregiving for less than 6 months. This finding indicates that 
food-related stress may be more intense from 6 months to less than 
2 years of the caregiving, a time that the caregivers would most re-
quire food-related support. Thus, new caregivers should be 
screened in the health care setting using validated food insecurity 
questionnaires and connected to appropriate food access programs 
such as the Supplemental Nutrition Assistance Program (SNAP), 
the Special Supplemental Nutrition Program for Women, Infants, 
and Children (WIC), and the Child and Adult Care Food Program 
(CACFP), and others (16). Validated food insecurity question-
naires have been the most widely implemented and evaluated 
method of screening in health care settings and have been repor-
ted to be effective (16). These resources will improve newer care-
givers’ awareness of food access programs and make them better 
equipped to manage their food-related needs as they progress to-
ward the more intense caregiving periods (17). Moreover, our 
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study indicated that those who expressed a need for caregiver sup-
port services had a higher likelihood of reporting food insecurity. 
Informal caregivers tend to support their care recipients in man-
aging symptoms, administering medications, changing bandages, 
and other medical and nursing tasks for which they often do not 
receive necessary training. Literature suggests that informal care-
givers do not receive adequate support in medical care training and 
access to health care facilities, counseling, and support groups to 
cope with caregiving stress as well as respite care services (18,19), 
emphasizing the need for interventions that include provisions for 
connecting caregivers to appropriate channels where they can ac-
cess such services (20). Addressing the unmet needs of these care-
givers can help alleviate their financial strain, reduce caregiving-
related mental and physical burden, and ultimately improve their 
food security. As of 2022, several federal and state-based health 
insurance programs such as Medicare Advantage and Medicaid 
cover a variety of in-home care services and nonskilled needs, 
such as help with daily activities, to promote aging in place 
(21,22). Alabama, Louisiana, Mississippi, and Tennessee have 
Medicaid programs that aid informal caregivers. In Alabama, 
Medicaid programs such as the Elderly and Disabled Waiver, the 
State of Alabama Independent Living (SAIL) Waiver, and the Per-
sonal Choices Program and Alabama Community Transition 
(ACT) Medicaid Waiver aid with home care. Louisiana has sever-
al Medicaid programs such as Long-term Personal Care Services 
Waiver, the Adult Day Health Care Waiver, and the Community 
Choices Waiver, which provide similar assistance. Mississippi 
Medicaid’s Elderly and Disabled Waiver provides a variety of in-
home support and care services to individuals, including personal 
care and adult day care. Tennessee covers home care with the 
CHOICES in Long-term Care program, which provides benefits 
such as personal care and homemaker services, assistive techno-
logy, personal emergency response systems, and home modifica-
tions (23). According to a recent policy analysis, 13% of Medi-
care Advantage plans have been reported to offer family caregiver 
supports such as respite care, counseling, and skills training (24). 

More than 80% of food-insecure caregivers in the sample were 
younger than 65 years. Approximately 64% were either unem-
ployed or not able to work, 28% had an annual household income 
of $15,000 or less, and approximately 25% of informal caregivers 
were uninsured. Health insurance also plays an important role in 
food insecurity, as demonstrated by a recent study that showed a 
positive association between Medicaid expansion and improve-
ment in food insecurity as a spillover effect of reducing poverty 
(25). Aforementioned sociodemographic characteristics of food-
insecure caregivers underscore the importance of Medicaid cover-
age in this sample. Although the insurance programs discussed 
provide waivers to support caregivers, lack of health insurance or 
being ineligible for Medicaid in states that have not yet expanded 

their Medicaid programs may limit the eligibility of several care-
givers to access these programs and, in turn, predispose them to 
food insecurity. None of the 4 states studied had expanded their 
Medicaid programs as of 2015. Even to date, Alabama, Missis-
sippi, and Tennessee have not adopted Medicaid expansion. 
Hence, along with increasing awareness on the availability of fa-
cilities for caregivers, future health policies should focus on the 
development of better strategies for improving access to such ser-
vices (eg, clinic-to-community models for addressing food insec-
urity, increased collaborations between health care systems and 
food assistance providers) (17). Additionally, regional variations 
among SNAP eligibility requirements should be streamlined to 
improve access to food services for caregivers who are most in 
need of those services (17). 

Caregiving conditions often dictate the care intensity and involve-
ment of the informal caregiver. Our study highlighted that caring 
for people with musculoskeletal conditions (eg, arthritis) is associ-
ated with food insecurity among caregivers. The impact of help-
ing to manage a care recipient’s arthritis condition on a caregiver’s 
health-related quality of life, physical health, and mental health 
has been noted because of the chronic nature of the disease, which 
typically requires more than 20 hours of care per week (26). The 
demanding nature of care, along with high health care costs, could 
predispose caregivers to food insecurity, which underscores the 
need for better care coordination for patients and involvement of 
the caregiver in the care plan so that caregivers are aware of their 
financial responsibility in the situation. Further research should be 
conducted to understand the impact of caregiving burden on food 
insecurity, specifically among those caring for people with arthrit-
is. Moreover, screening for food insecurity among caregivers of 
those with arthritis and other musculoskeletal conditions should be 
made a priority in clinical settings. 

Strengths and limitations 

Our study fills a gap in the literature on food insecurity among 
caregivers in southern US states, where food insecurity preval-
ence is higher. Moreover, no previous study has examined the 
caregiving-related predictors of food insecurity. We used 2015 
BRFSS data, and other data sets, such as the Medical Expenditure 
Panel Survey, have the latest food insecurity data, although their 
caregiver modules date back to 1998 (27). The American Com-
munity Survey also has questions on food insecurity but only asks 
about grandparents as caregivers and not about family caregiving, 
thus providing an incomplete picture of caregivers in the US (28). 
The National Health and Aging Trends Study (NHATS) only in-
cludes Medicare beneficiaries aged 65 years or older, and its com-
panion, the National Study of Caregiving, is a survey of the in-
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formal caregivers of respondents in NHATS, thus limiting the 
generalizability of the data to the general US population (29). Not-
ing the limitations of other data sets, we chose the BRFSS 2015 
data set because of the availability of data on food insecurity and 
caregiving. 

Our study has limitations. First, food insecurity and caregiving 
data were only available for the 4 southern US states of Alabama, 
Louisiana, Mississippi, and Tennessee, so our results may not be 
generalizable to the US caregiver population. Future studies 
should explore the caregiving-related predictors of food insecurity 
in a more generalizable sample. Second, we used data from 2015, 
and it is possible that caregiving and food insecurity prevalence 
have changed since then. However, food insecurity in the US has 
recently only minimally decreased, from 12.7% in 2015 to 10.5% 
in 2020, indicating that the results of this study are relevant. The 
COVID-19 pandemic–related unemployment (with the loss of 
employer-sponsored health insurance for many), income loss, and 
health care disruptions (increased caregiving burden if the care re-
cipient condition worsened), coupled with the shelter-in-place 
policies that might have further limited access to affordable nutri-
tious food, could have increased the risk of food insecurity among 
caregivers. Third, our study used self-reported questions to ascer-
tain respondents’ food insecurity status and may be subject to so-
cial desirability and recall bias. However, this item has been valid-
ated by the US Department of Agriculture as part of their 10-item 
food security scale and reported to have a reliability of 0.71 (P < 
.001), helping to mitigate the risk of such biases (30). Lastly, be-
cause of the cross-sectional nature of the study, we were unable to 
control for temporality or to make any causal inferences. Future 
studies should further examine the temporal relationship between 
food insecurity and caregiving status. 

Conclusion 

We found that food insecurity was more prevalent among care-
givers compared with noncaregivers in the southern US states of 
Alabama, Louisiana, Mississippi, and Tennessee. These states 
should  be  considered  a  pr ior i ty  group  for  fu ture  food  
insecurity–related interventions. Our study provides insights for 
planning future policies focused on alleviating food insecurity 
among caregivers. Key strategies included timely screening in 
health care settings using validated food insecurity questionnaires, 
involvement of caregivers in care planning, helping caregivers ac-
cess support services, and local food-related resources. Appropri-
ate training, education, and support for caregivers could be incor-
porated into routine care settings such as physicians’ offices, hos-
pitals, and pharmacies. Results from this study can help public 
health practitioners develop effective policies and direct public 
funds to alleviate food insecurity among caregivers. 
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Tables 

State 

Prevalence of food insecurity, weighted % (95% CI) 

Caregivers (weighted n = 356,198) Noncaregivers (weighted n = 652,737) P valuea 

Overall 35.9 (33.9–37.9) 25.9 (24.8–26.9) <.001 

Alabama 35.3 (32.1–38.5) 25.9 (24.1–27.6) <.001 

Louisiana 38.2 (34.2–42.3) 25.9 (23.7–28.2) <.001 

Mississippi 34.9 (30.8–38.9) 29.3 (27.2–31.4) .01 

Tennessee 35.3 (31.0–39.6) 24.0 (21.8–26.2) <.001 

Table 1. Prevalence of Food Insecurity in 4 Southern US States, by Caregiving Status, Behavioral Risk Factor Surveillance System, 2015 

a Calculated by using χ2 test. 
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Characteristic 

Proportion of food insecure adults, weighted % (95% CI) 

Caregivers (weighted n = 356,198) Noncaregivers (weighted n = 652,737) P valuea 

Age, y 

18–34 18.1 (12.7–23.6) 13.2 (10.2–16.3) 

<.00135–64 66.6 (61.0–72.1) 60.3 (56.6–63.9) 

≥65 15.3 (12.2–18.4) 26.5 (23.6–29.4) 

Sex 

Female 66.4 (60.8–71.9) 66.6 (62.9–70.4) 
.94 

Male 33.6 (28.0–39.2) 33.3 (29.6–37.1) 

Race and ethnicity 

White 64.8 (59.2–70.3) 63.8 (60.2–67.4) 

.20 
Black 31.1 (25.6–36.5) 29.9 (26.5–33.2) 

Hispanic 1.9 (0.4–3.4) 1.4 (0.5–2.4) 

Otherb 2.3 (0.9–3.7) 4.9 (2.9–6.8) 

Education 

High school or less 63.3 (58.2–68.4) 65.3 (61.8–68.8) 

.38Some college 28.8 (24.1–33.6) 25.5 (22.2–28.8) 

College graduate 7.9 (5.8–9.9) 9.2 (7.5–10.9) 

Marital status 

Married/couple 46.1 (40.5–51.6) 46.3 (42.4–50.2) 

.07Divorced/separated/widowed 31.8 (26.8–36.8) 37.4 (33.9–40.8) 

Never married 22.2 (16.6–27.7) 16.3 (13.4–19.3) 

Employment 

Employed 36.1 (30.7–41.5) 28.4 (24.8–31.9) 

.04Unemployed 38.0 (32.4–43.6) 39.7 (35.9–43.6) 

Unable to work 25.9 (21.3–30.6) 31.9 (28.5–35.3) 

Annual household income, $ 

<15,000 28.4 (23.2–33.6) 28.2 (25.1–31.4) 

.83
15,000–34,999 46.7 (41.2–52.3) 45.7 (41.8–49.6) 

35,000–49,999 10.4 (6.6–14.2) 12.5 (9.8–15.2) 

≥50,000 14.5 (10.2–18.8) 13.6 (10.6–16.6) 

Health insurance 

No 25.0 (19.6–30.5) 13.8 (10.8–16.8) 
<.001 

Yes 74.9 (69.5–80.4) 86.2 (83.2–89.2) 

Metropolitan statistical area 

No 32.1 (27.3–36.9) 31.8 (28.6–34.9) 
.91 

Yes 67.9 (63.1–72.7) 68.3 (65.1–71.4) 

Table 2. Sociodemographic Characteristics of Food Insecure Adults in Alabama, Louisiana, Mississippi, and Tennessee, by Caregiving Status, Behavioral Risk Factor 
Surveillance System, 2015 

a Calculated by using χ2 test. 
b “Other” includes American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander, or multiracial individuals. 
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Caregiver characteristic Proportion of caregivers, weighted % (95% CI) Prevalence of food insecurity, weighted % (95% CI) 

Relationship with care recipient 

Parent/parent-in-law 42.9 (39.5–46.3) 28.9 (23.6–34.3) 

Child or grandchild 10.7 (8.7–12.6) 37.2 (27.7–46.7) 

Spouse/partner 19.5 (17.1–21.9) 29.6 (23.5–35.8) 

Othera 26.9 (23.8–30.0) 33.6 (26.9–40.3) 

Care recipient health problems 

Mental or neurologic 18.9 (16.4–21.4) 29.6 (22.8–36.4) 

Metabolic or cardiovascular 13.9 (11.8–16.0) 33.4 (25.6–41.3) 

Musculoskeletal 6.8 (4.8–8.8) 48.3 (32.6–63.9) 

Cancer 7.8 (5.8–9.7) 33.2 (18.8–47.6) 

Otherb 52.6 (49.2–55.9) 28.7 (24.5–32.9) 

Caregiving 40 hours or more per week 

No 73.6 (70.6–76.7) 28.3 (24.6–32.0) 

Yes 26.4 (23.3–29.4) 39.2 (32.3–46.1) 

Months spent caregiving 

Less than 6 mos 25.4 (22.6–28.2) 24.0 (18.8–29.3) 

6 mos to 2 y 18.2 (15.5–20.9) 34.0 (25.5–42.6) 

2 y or more 56.4 (53.1–59.7) 33.5 (29.0–37.9) 

Need for caregiver support services 

No 81.3 (78.7–83.9) 26.9 (23.3–30.6) 

Yes 18.7 (16.1–21.3) 49.5 (41.8–57.3) 

Helping with ADL 

No 38.0 (34.8–41.2) 25.6 (20.9–30.3) 

Yes 62.0 (58.8–65.2) 34.6 (30.2–39.1) 

Helping with IADL 

No 15.5 (13.2–17.7) 23.3 (17.2–29.4) 

Yes 84.5 (82.3–86.8) 32.7 (28.9–36.3) 

Table 3. Caregiving-Related Characteristics and Food Insecurity Prevalence Among Caregivers in Alabama, Louisiana, Mississippi, and Tennessee (Weighted N = 
356,198), Behavioral Risk Factor Surveillance System, 2015 

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living. 
a Other relationships include grandparents, siblings-in-law, other relatives, and nonrelatives/friends. 
b Other diseases include asthma, chronic obstructive pulmonary disease, substance abuse, addiction, HIV infection, or organ failure. 
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Summary 

What is already known on this topic? 

The pandemic has affected access to health care even for conditions unre-
lated to COVID-19. 

What is added by this report? 

This study identified factors related to forgone care during the COVID-19 
pandemic, including COVID-19 vaccination status, age, sex, race and ethni-
city, US region, availability of primary care telehealth appointments, and 
chronic conditions (heart disease, arthritis, depression, osteoporosis or a 
broken hip, and diabetes or high blood glucose). 

What are the implications for public health practice? 

Our findings highlight the need for health care reform and changes in 
policy to address the issue of access to care for people with chronic condi-
tions during a pandemic or other public health emergency. 

Abstract 

Introduction 
Forgone health care, defined as not using health care despite per-
ceiving a need for it, is associated with poor health outcomes, es-
pecially among people with chronic conditions. The objective of 
our study was to examine how the pandemic affected forgone 
health care during 3 stages of the pandemic. 

Methods 
We used the Medicare Current Beneficiary Survey COVID-19 
Rapid Response Questionnaire administered in summer 2020, fall 

2020, and winter 2021 to examine sociodemographic characterist-
ics, chronic diseases, COVID-19 vaccination status, and tele-
health availability in relation to beneficiary reports of forgone 
health care. 

Results 
Of the 3 periods studied, the overall rate of forgone health care 
was highest in summer 2020 (20.8%), followed by fall 2020 
(7.8%) and winter 2021 (6.5%). COVID-19 vaccination status, 
age, sex, race and ethnicity, US region, availability of primary care 
telehealth appointments, and chronic conditions (heart disease, 
arthritis, depression, osteoporosis or a broken hip, and diabetes or 
high blood glucose) were significantly related to forgone care. 

Conclusion 
High rates of forgone care among Medicare participants varied 
over time and were significantly related to beneficiary character-
istics. Our findings highlight the need for health care reform and 
changes in policy to address the issue of access to care for people 
with chronic conditions during a pandemic or other public health 
emergency. 

Introduction 
The COVID-19 pandemic has led to widespread changes in the 
US health care system (1). Despite increases in the number of hos-
pitalizations and related care for COVID-19 infections, health care 
use overall declined because people stopped accessing care for 
non–COVID-19–related conditions (2). Even with increased avail-
ability of telehealth options, forgone health care, defined as not us-
ing health care despite perceiving a need for it, increased during 
the pandemic (3–5). 

People aged 65 years or older with comorbidities such as heart dis-
ease, lung disease, and diabetes are at higher risk than younger 
populations for severe health outcomes from COVID-19 (6). Ad-
ditionally, people with chronic conditions may be more likely than 
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those without to forgo care because of a lack of coordinated care 
between practitioners, hospitals, and clinics (7). 

The problem of forgone health care encompasses multiple factors 
such as government and provider policy, perceived risk, and finan-
cial costs (8–10). The COVID-19 pandemic has directly affected 
all 3 factors. At the start of the pandemic, many states initiated 
stay-at-home orders that remained in place for months; elective 
surgeries were canceled, regular checkups were delivered via tele-
health, clinics were voluntarily closed, and people elected to forgo 
needed care. Finally, the pandemic had vast financial effects: an 
economic downturn was directly linked to the decline in use of 
health care services (4). 

Failure to make use of health care services has been associated 
with poor health outcomes (7). Previous studies identified disparit-
ies in health care access associated with sociodemographic factors 
such as sex, race and ethnicity, and income (11,12). Research has 
begun to identify similar predictors of forgone care and barriers to 
care during the COVID-19 pandemic (13–16). The level of for-
gone care was expected to be highest in the first stages of the pan-
demic because of the perceived risk of exposure to COVID-19 as 
well as operational and procedural barriers such as clinic closures 
and drug shortages. Our objective was to examine how COVID-19 
affected forgone care during 3 stages of the pandemic — summer 
2020, fall 2020, and winter 2021. 

Methods 
We analyzed data from the Medicare Current Beneficiary Survey 
(MCBS) COVID-19 supplemental public use files for summer 
2020 (17), fall 2020 (18), and winter 2021 (19). MCBS is a con-
tinuous and longitudinal survey that provides a representative na-
tional sample of the Medicare population. Medicare beneficiaries 
were contacted via telephone in June and July 2020 for the sum-
mer survey, October and November 2020 for the fall survey, and 
February, March, and April 2021 for the winter survey. The 
sample consisted of Medicare beneficiaries aged 65 years or older 
and people younger than 65 years with a Medicare-qualifying dis-
ability (eg, end-stage renal disease); 11,114 beneficiaries were in-
terviewed for the summer survey, 9,686 for the fall survey, and 
11,107 for the winter survey. All participants were continuously 
enrolled in Medicare and living in the community. Weighting was 
adjusted according to preliminary weights, eligibility, and comple-
tion of the survey. Because MCBS consists of de-identified, pub-
licly available data, institutional review board approval was not 
sought for this study. 

The primary dependent variable was forgone health care because 
of the pandemic. This information was self-reported in response to 
the question “Since [reference date], did you need medical care for 

something other than coronavirus, but not get it because of the 
coronavirus pandemic?” Forgone care included the need for ur-
gent care, surgery, diagnostic tests, regular checkups, treatment of 
previous conditions, prescription drugs, and dental, vision, and 
hearing care. Information about the availability of telemedicine 
was obtained by asking, “Does your usual provider offer tele-
phone or video appointments, so that you don’t need to physically 
visit their office or facility?” For information on vaccination status 
during winter 2021, beneficiaries were asked, “Since the [date of 
COVID-19 vaccine available] have you had a coronavirus vaccin-
ation?” 

Sociodemographic characteristics assessed were age (<65, 65–74, 
or ≥75 y), sex (male or female), race and ethnicity (non-Hispanic 
Black, Hispanic, non-Hispanic White, or Other [any person that 
did not identify as non-Hispanic Black, Hispanic, or non-Hispanic 
White]), language spoken at home (only English spoken at home 
or other language besides English spoken at home), whether the 
respondent resided in a metropolitan (>50,000 people) or a non-
metropolitan area (≤50,000 people), US region of residence 
(Northeast, Midwest, South, or West), and annual household in-
come (<$25,000 or ≥$25,000 per year). 

Data on chronic conditions were self-reported by the beneficiary. 
For diabetes or high blood glucose, beneficiaries were asked, “Has 
a doctor or other health professional ever told [you] that [you/he/ 
she] had any type of diabetes, including: sugar diabetes, high 
blood sugar, [borderline diabetes, pre-diabetes, or pregnancy-
related diabetes/borderline diabetes, or pre-diabetes]?” The survey 
then asked about the beneficiary’s overall health and chronic con-
ditions. We chose chronic conditions for this study on the basis of 
preliminary prevalence estimates of comorbidities associated with 
COVID-19 in the US as well as conditions that may present a 
physical obstacle to accessing care (20). 

We weighted all frequencies to appropriately represent the nation-
al population. We used the χ2 test to conduct a cross-tabulation 
analysis of differences between each demographic characteristic 
and forgone care. P ≤ .05 indicates significance. We examined for-
gone care in relation to sociodemographic factors, vaccination 
status, telehealth availability, and our 5 selected chronic condi-
tions. We used RStudio version 4.1.0 (RStudio Team) and Stata 
version 17 (StataCorp LLC) to perform all statistical analyses. 

Results 
Overall, survey response rates were 78.9% for summer 2020, 
72.6% for fall 2020, and 79.6% for winter 2021. The response rate 
for the primary variable of forgone care was 99.98% for all 3 sur-
veys. The percentage of beneficiaries with forgone care was 
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highest in summer 2020 (20.8%), followed by fall 2020 (7.8%) 
and winter 2021 (6.5%). 

Demographic characteristics were similar in all 3 periods (Table 
1). By age, the largest group of survey respondents was aged 
65–74 years. Most were female (range, 54.6%–54.9%), approxim-
ately 75% were non-Hispanic White, almost 90% spoke only Eng-
lish at home, and approximately 80% lived in metropolitan areas. 
By region,  the  largest  group  l ived  in  the  South  (range,  
38.1%–39.5%), and approximately two-thirds had an annual 
household income of $25,000 or more. 

In winter 2021, beneficiaries who were vaccinated for COVID-19 
were significantly less likely than unvaccinated beneficiaries to 
forgo health care (6.5% vs 6.7%; P < .001). 

Forgone care was significantly related to many demographic char-
acteristics (Table 2). Beneficiaries aged younger than 65 years had 
the highest rates of forgone care, by age, in all 3 periods (21.7%, 
9.5%, and 10.2%, respectively; P < .001). Other significant pre-
dictors were sex, race and ethnicity, US region, and annual house-
hold income. Women were more likely than men to forgo care in 
summer 2020 (21.6% vs 19.7%; P = .05). By race and ethnicity, 
non-Hispanic White beneficiaries (22.5%) were most likely and 
non-Hispanic Black beneficiaries (12.6%) were least likely to 
forgo care in summer 2020 (P = .002); however, we found no sig-
nificant differences by race and ethnicity in fall 2020 or winter 
2021. By US region, the Midwest was most likely (23.5%) and the 
South least likely (16.6%) in summer 2020 to forgo care (P = 
.001). In winter 2021, however, the West was most likely (8.2%) 
and the South least likely (5.3%) (P = .03). In summer 2020, an 
annual household income of $25,000 or more was associated with 
an increase in forgone care. We found no significant differences 
by income in fall 2020, but in winter 2021, an annual household 
income less than $25,000 was associated with more forgone care 
(7.0%) than an income of $25,000 or more (6.3%). 

The proportion of primary care providers (PCPs) that beneficiar-
ies said offered telehealth was similar in summer 2020, fall 2020, 
and winter 2021 at 60.1%, 62.8%, and 63.4%, respectively. The 
highest proportion of forgone care related to telehealth access was 
reported in summer 2020: 22.8% of beneficiaries whose PCP 
offered telehealth reported forgoing care, while 18.1% whose 
PCPs did not offer telehealth reported forgoing care (Figure). In 
all 3 periods, beneficiaries whose PCP offered telehealth appoint-
ments were more likely to forgo care. 

Figure. Percentage of Medicare beneficiaries who indicated forgoing health 
care, by whether primary care providers offered telehealth, summer 2020, fall 
2020, and winter 2021. Availability of telemedicine was measured by asking 
Medicare beneficiaries, “Does your usual provider offer telephone or video 
appointments, so that you don’t need to physically visit their office or facility?” 
Abbreviation: PCP, primary care provider. Data source: Centers for Medicare & 
Medicaid Services (17–19). 

Chronic conditions that were significantly associated with for-
gone care in all 3 periods were heart disease, arthritis, and depres-
sion (Table 3). For example, 22.4% (P = .01) of beneficiaries with 
heart disease reported forgoing care in summer 2020, 8.6% (P = 
.05) in fall 2020, and 7.6% (P = .01) in winter 2021. Additionally, 
osteoporosis or a broken hip was significantly associated with for-
going care in summer 2020 and winter 2021. Finally, diabetes was 
significantly associated with forgone care in fall 2020. 

Discussion 
In this study of Medicare survey respondents at 3 time points dur-
ing the COVID-19 pandemic, we found a significant relationship 
between high rates of beneficiaries forgoing health care and bene-
ficiary characteristics. Age was significantly associated at all 3 
time points. By age group, beneficiaries aged 65 years or younger 
were the most likely to forgo care. These beneficiaries have disab-
ilities such as end-stage renal disease, amyotrophic lateral scler-
osis (ALS), and other clinical conditions that severely diminish 
their ability to work and they qualify for Medicare through a rigor-
ous, consistent review process. Previous studies showed that 
people in this group are likely to identify as a racial or ethnic 
minority, be of low socioeconomic status, report mental health 
conditions, have comorbidities, and have high health care ex-
penditures (21). 

Chronic conditions were also a strong predictor of forgone care, 
especially heart disease, arthritis, and depression. According to the 
Centers for Disease Control and Prevention, the risk of severe ill-
ness from COVID-19 increases with age and number of underly-
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ing medical conditions. Diseases such as chronic kidney disease 
(any stage), dementia and other neurologic conditions, and disabil-
ities are linked to a high risk for severe illness from COVID-19 
(22). These conditions may have limited the type of care and risk 
of accessing care. Mental health status is also associated with dis-
parities in health care access (16,23,24) and may be related to gaps 
in Medicare coverage for mental health disorders (24). 

In our study, women were significantly more likely than men to 
forgo care in summer 2020. This mirrors a national trend in which 
more women than men forgo care (25). The decision to forgo care 
might result from gender-related differences in thoughts about 
COVID-19, perceived and real risks of COVID-19, and economic 
concerns (25,26). Our study showed that higher income (≥$25,000 
per year) predicted not accessing care in summer 2020, but the op-
posite was true in winter 2021. Socioeconomic disparities in ac-
cess to care are not as extreme in the Medicare population as in the 
general US population. However, differences still exist, poten-
tially from gaps in coverage, high out-of-pocket costs, and lack of 
knowledge about the availability of telehealth and the ability to 
use it (27). 

Race and ethnicity significantly predicted forgoing care in sum-
mer 2020, with the highest rates among non-Hispanic White bene-
ficiaries. Although racial and ethnic disparities exist in US health 
care, such disparities are smaller among Medicare beneficiaries in 
terms of insurance coverage, access to care, and self-reported 
health (28). Our study showed that race and ethnicity were not sig-
nificant predictors of not accessing care in fall 2020 or winter 
2021. 

In comparisons of US regions, the South is commonly associated 
with low levels of access to quality care (28,29). However, in our 
study of Medicare beneficiaries, by US region, the South had the 
lowest percentage of beneficiaries who did not have access needed 
health care in summer 2020 and winter 2021. It is possible the 
South has access-to-care issues unrelated to COVID-19 or access 
to care. 

Overall, our findings may have been confounded by socioeconom-
ic status, education, and overall feelings about COVID-19. Stud-
ies have associated race and ethnicity with perceptions of COVID-
19 (10,12,26). Racial and ethnic minority populations were less 
likely than the White population to be vaccinated and more likely 
to disagree that COVID-19 is more severe than influenza during 
the early phases of the COVID-19 pandemic (26,30,31). 

We found that in winter 2021, COVID-19–vaccinated beneficiar-
ies were less likely than unvaccinated beneficiaries to forgo care. 
The availability and receipt of vaccines may have affected the 
overall reduction in forgone care from fall 2020 to winter 2021. 

However, the difference in the percentage of beneficiaries who re-
ported forgoing care was small: 6.7% among unvaccinated benefi-
ciaries and 6.5% among vaccinated beneficiaries. Potential con-
founders might include the passage of time or a sense of safety 
resulting from the availability and receipt of the COVID-19 vac-
cination. 

Although the overall number of PCPs who reportedly offered tele-
health services remained consistent over time, access to care may 
have been affected by logistical barriers. With the announcement 
of clinic closures and surgery cancellations, physicians may not 
have been prepared to offer telehealth at the scale needed or may 
have been unable to offer in-person visits. This factor may have 
affected the initial reduction in forgoing care from summer 2020 
to fall 2020 as health care providers became better equipped to 
handle telehealth appointments. 

Limitations 

Our study has several limitations. First, all data were self-reported, 
which may have introduced recall bias, sampling bias, social de-
sirability bias, and varying levels of introspection. The period of 
forgone care could have been recalled incorrectly. The survey also 
asked beneficiaries to self-report chronic diseases; we had no in-
formation on whether they were being treated for them. Addition-
ally, although data were reported by US region, COVID-19 
guidelines and mandates varied by state. Each supplemental sur-
vey covered a short period (2 or 3 months), which may not have 
allowed certain mandates or perceived risks to be implemented 
and understood. Although the MCBS sampling frame allows for 
estimates of national averages, it does not allow for an in-depth 
analysis of racial or ethnic minority groups, undocumented work-
ers, or other groups of people who are socially and economically 
marginalized. Because of small sample sizes, analyses of non-
Hispanic Black and Hispanic beneficiaries were especially sus-
ceptible to sampling errors (32). We could not identify additional 
racial and ethnic groups and included these under the general term 
“other.” These groups are affected by small sample sizes and also 
by the limitation of the survey being offered only in English and 
Spanish. Furthermore, because MCBS is conducted by the US 
government, people who have experienced historical trauma may 
not be inclined to participate. 

Conclusion 

Our study identified associations between various factors and ac-
cess to health care among Medicare beneficiaries during the 
COVID-19 pandemic. Our results are corroborated by Park and 
Stimpson in regard to the significance found for age, chronic con-
ditions, sex, income, race and ethnicity, and region (16). Their 
study highlighted the effect of physician-driven factors, such as 
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availability of telehealth consultations, and mental health status on 
beneficiaries’ decision to forgo health care. Our study includes an 
analysis of vaccination status and emphasizes multiple chronic 
conditions and beneficiary characteristics in relation to nonuse of 
care. It highlights the need for further research and policy change 
for Medicare beneficiaries in the US, especially populations with 
multiple chronic health conditions and low socioeconomic status. 
Additionally, future research is needed to fully understand the ex-
tent of forgone care among communities that are socially and eco-
nomically marginalized. 

Forgone or postponed care can have long-term health con-
sequences. The lack of preventive care, including screenings and 
vaccinations, can lead to delayed treatment or not receiving prop-
er care. Examples of interventions include the Coronavirus Aid, 
Relief, and Economic Security Act (33), which provided financial 
support to patients and medical providers, thereby decreasing bar-
riers to care. Further research pertaining to access to care will con-
tinue to change with the introduction of booster shots, relaxation 
of mask and social distancing mandates, and perceived risks and 
attitudes toward COVID-19. 
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Tables 

Characteristic Summer (June–July) 2020, % Fall (October–November) 2020, % Winter (February–April) 2021, % 

Age, y 

<65 14.6 20.5 14.6 

65–74 53.3 47.9 51.5 

≥75 32.1 31.6 33.9 

Sex 

Male 45.1 45.1 45.4 

Female 54.9 54.9 54.6 

Race and ethnicity 

Black, non-Hispanic 9.9 9.7 9.6 

Hispanic 8.0 8.4 8.4 

Otherb 6.4 6.3 6.2 

White, non-Hispanic 75.7 75.7 75.8 

Language 

Other language besides English spoken at home 11.0 11.4 11.1 

Only English spoken at home 88.9 88.6 88.9 

Residence 

Metropolitan 79.8 80.1 80.0 

Nonmetropolitan 20.2 19.9 20.0 

US region 

Northeast 17.9 17.9 17.5 

Midwest 22.1 22.0 21.5 

South 38.1 38.3 39.5 

West 21.8 21.9 21.6 

Annual household income, $ 

<25,000 30.6 30.8 29.3 

≥25,000 65.7 65.6 67.4 

Table 1. Demographic Characteristics of Medicare Beneficiaries During 3 Periods of the COVID-19 Pandemic, Summer 2020, Fall 2020, and Winter 2021a 

a Data source: Centers for Medicare & Medicaid Services, Medicare Current Beneficiary Survey COVID-19 supplements (17–19). Not all survey participants 
answered all questions; percentages may not sum to 100%.
b “Other” includes any person that did not identify as non-Hispanic Black, Hispanic, or non-Hispanic White. 

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, 
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

www.cdc.gov/pcd/issues/2022/22_0110.htm • Centers for Disease Control and Prevention 7 

www.cdc.gov/pcd/issues/2022/22_0110.htm


PREVENTING CHRONIC DISEASE VOLUME 19, E64 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY  OCTOBER 2022 

Characteristic 

Summer 2020 Fall (October–November) 2020 Winter (February–April) 2021 

% P valueb % P valueb % P valueb 

Reported forgone care due to COVID-19c 20.8  — 7.8  — 6.5  — 

Age, y 

<65 21.7 

<.001 

9.5 

.003 

10.2 

<.00165–74 22.3 8.1 6.6 

≥75 17.8 6.3 4.9 

Sex 

Male 19.7 
.05 

7.5 .57 5.8 .07 

Female 21.6 8.0 7.1 

Race and ethnicity 

Black non-Hispanic 12.6 

.002 

7.0 

.68 

6.8 

.30
Hispanic 16.3 8.5 8.0 

Otherd 18.4 7.6 6.9 

White non-Hispanic 22.5 7.8 6.3 

Language 

Other language besides English spoken at Home 15.6 
.11 

7.3 
.06 

7.2 
.22 

Only English spoken at Home 21.4 7.9 6.5 

Residence 

Metropolitan 20.9 .81 7.8 
.62 

6.7 
.06 

Nonmetropolitan 20.1 7.9 5.8 

US Region 

Northeast 23.2 

.001 

8.4 

.29 

8.0 

.03 
Midwest 23.5 7.7 6.0 

South 16.6 6.9 5.3 

West 23.4 9.1 8.2 

Annual household income, $ 

<25,000 15.5 
<.001 

7.2 
.20 

7.0 
.008 

≥25,000 23.6 8.2 6.3 

Table 2. Demographic Characteristics of Medicare Beneficiaries Who Reported Forgoing Non–COVID-19–Related Health Care During 3 Periods, Summer 2020, Fall 
2020, and Winter 2021a 

Abbreviation: — , does not apply. 
a Data source: Centers for Medicare & Medicaid Services, Medicare Current Beneficiary Survey COVID-19 supplements (17–19). 
b Determined by χ2 test. 
c Question on survey was “Since [reference date], did you need medical care for something other than coronavirus, but not get it because of the coronavirus pan-
demic?” 
d “Other” includes any person that did not identify as non-Hispanic Black, Hispanic, or non-Hispanic White. 
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Characteristic 

Summer 2020 Fall 2020 Winter 2021 

% of Respondents who
reported forgoing care P valueb 

% of Respondents who
reported forgoing care P valueb 

% of Respondents who
reported forgoing care P valueb 

Heart disease 22.4 .01 8.6 .05 7.6 .01 

Diabetes or high blood glucose 22.0 .17 6.9 .001 7.3 .71 

Arthritis 22.5 <.001 9.4 .001 6.2 .05 

Osteoporosis or broken hip 24.2 <.001 9.4 .14 8.0 .04 

Depression 24.8 .002 10.4 <.001 9.2 <.001 

Table 3. Selected Chronic Conditions Among Medicare Beneficiaries Who Responded to a Survey on Forgone Health Care During 3 Periods, Summer 2020, Fall 
2020, and Winter 2021a 

a Data source: Centers for Medicare & Medicaid Services, Medicare Current Beneficiary Survey COVID-19 supplements (17–19). 
b Difference between percentage of people who self-reported having a chronic disease and percentage who did not; determined by χ2 test. 
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Summary 

What is already known about this topic? 

New or improved infrastructure in neighborhoods aiming to increase phys-
ical activity might lead to unintended social, development, or economic 
pressures; however, little empirical research exists about residents’ opin-
ions and perceptions of these tradeoffs. 

What is added by this report? 

Our report sheds light on the complexities of public opinions on neighbor-
hood improvements and highlights the need for community engagement 
on new built environment projects. 

What are the implications for public health practice? 

Participatory planning holds potential for community engagement in de-
cisions about active living infrastructure. Public health and planning pro-
fessionals can also partner with communities to select the most appropri-
ate measures for each context and evaluate each project for equity and ef-
fectiveness. 

Abstract 

Introduction 
Community fears of gentrification have created concerns about 
building active living infrastructure in neighborhoods with low-
income populations. However, little empirical research exists re-
lated to these concerns. This work describes characteristics of res-
idents who reported 1) concerns about increased cost of living 

caused by neighborhood development and 2) support for infra-
structural improvements even if the changes lead to a higher cost 
of living. 

Methods 
Data on concerns about or support for transportation-related and 
land use–related improvements and sociodemographic character-
istics were obtained from the 2018 SummerStyles survey, an on-
line panel survey conducted on a nationwide sample of US adults 
(n = 3,782). Descriptive statistics characterized the sample, and χ2

tests examined associations among variables. 

Results 
Overall, 19.1% of study respondents agreed that development had 
caused concerns about higher cost of living. Approximately half 
(50.7%) supported neighborhood changes for active living oppor-
tunities even if they lead to higher costs of living. Prevalences of 
both concern and support were higher among respondents who 
were younger and who had higher levels of education than their 
counterparts. Support did not differ between racial or ethnic 
groups, but concern was reported more often by Hispanic/Latino 
(28.9%) and other non-Hispanic (including multiracial) respond-
ents (25.5%) than by non-Hispanic White respondents (15.6%). 
Respondents who reported concerns were more likely to express 
support (65.3%) than respondents who did not report concerns 
(47.3%). 

Conclusion 
The study showed that that low-income, racial, or ethnic minority 
populations support environmental changes to improve active liv-
ing despite cost of living concerns associated with community re-
vitalization. 
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Introduction 
Regular physical activity positively influences 7 of the 10 most 
common chronic conditions diagnosed in the US (1). Physical 
activity improves cognition, decreases depression, and is associ-
ated with a reduction in early death and risk for chronic diseases 
such as coronary heart disease, stroke, type 2 diabetes, obesity, de-
pression, and many forms of cancer (1). Despite the benefits to 
health, less than half (46%) of US adults engage in enough aer-
obic physical activity to achieve substantial health benefits (2). 

Making physical activity a part of everyday living makes it easier 
to achieve the benefits of regular physical activity (1). Changes in 
community design can create opportunities for physical activity 
and make neighborhoods more supportive of active living (3). The 
Community Preventive Services Task Force recommends built en-
vironment approaches that combine improvements in transporta-
tion such as sidewalks, bicycle lanes, and expanded public transit, 
with changes in land use and community design such as improved 
parks and recreation facilities and mixed-use development that en-
able housing in proximity to destinations such as busineses and 
schools (3). 

Communities with low-income populations often have minimal re-
sources for physical activity (4). Furthermore, racial and ethnic 
minorities, who disproportionately reside in communities with 
low-income populations, tend to have high rates of leisure-based 
physical inactivity and chronic diseases such as cardiovascular dis-
ease (5). Even when facilities such as parks exist in these com-
munities, they tend to have few amenities, often show neglect, and 
project a violent or unsafe environment to community residents 
(6). Geographic health disparities by race, ethnicity, and income 
have created interest in addressing health equity by improving 
neighborhood environments through community development (7). 

Community development and revitalization strategies that im-
prove neighborhood environments can promote physical activity 
and improve health in disinvested communities (8). These broad 
initiatives benefit from multidisciplinary collaboration among 
health, planning, housing, transportation, and government for the 
ultimate goal of improving the lives of the community residents 
(9). 

Widespread concerns about gentrification associated with robust 
community development and revitalization exist (10). However, 
mixed findings show how active living infrastructure may contrib-
ute to these concerns. For example, a study in 3 cities described 
concerns in communities with Black poulations about the installa-
tion of bike lanes and their possible contribution to gentrification 
(11). Empirical research has found that property values rise as 
proximity to bicycle facilities increases (12). However, a recent 

longitudinal analysis of bike lanes showed that these investments 
were not associated with changing demographics in a neighbor-
hood, and that bike lanes were more commonly installed in neigh-
borhoods with low-income White populations than in neighbor-
hoods with low-income Black populations (13). Contrasting this 
research are findings that showed that intensive community devel-
opment such as greenways near downtown areas may increase 
gentrification (14). Higher property values may encourage gentri-
fication by encouraging long-time homeowners to sell their homes 
to capture their increased wealth; higher property values can also 
lead to higher rents, potentially displacing current renters who 
may no longer be able to afford living in that neighborhood (15). 
Through this displacement, the remaining residents may lose a 
sense of belonging in their own neighborhood as their surround-
ing demographics change, which can negatively affect health and 
quality of life (10). 

Concerns about neighborhood change and potential displacement 
may present barriers to community support for changes in the built 
environment to improve access to physical activity. However, lim-
ited empirical research exists about residents’ opinions of these 
potential tradeoffs. Thus, there is a need to understand residents’ 
perceptions of neighborhood development and revitalization, and 
their concerns about the potential for displacement of current res-
idents. Our study aimed to describe perceptions and characterist-
ics of residents who reported 1) concerns about increased cost of 
living from neighborhood development and revitalization and 2) 
support for neighborhood changes to make it easier to walk or bike 
even if the changes could lead to a higher cost of living. Because 
increased cost of living disproportionately affects low-income res-
idents and because racial and ethnic minority populations are 
overrepresented in disinvested neighborhoods, we hypothesized 
that low-income and racial and ethnic minority populations would 
be more likely than non-Hispanic White populations to report con-
cerns about the increased cost of living from neighborhood devel-
opment and revitalization and less likely to express support for 
neighborhood changes to make it easier to walk or bike even if the 
changes could lead to higher cost of living (16). 

Methods 
SummerStyles sample 

The 2018 Porter Novelli ConsumerStyles’ database is built from a 
series of web-based surveys via the GfK KnowledgePanel that 
gathers insights about US consumers, including information about 
their lifestyle, health, knowledge, and behaviors (17). Panel mem-
bers are randomly recruited by using probability-based sampling 
by address. The panel is continuously replenished and maintains 
approximately 55,000 panelists. The initial SpringStyles survey 
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was sent from March 21, 2018, to April 11, 2018, to 10,904 panel-
ists. SpringStyles respondents included 6,427 adults who com-
pleted the survey for a response rate of 58.9%. Those who com-
pleted the SpringStyles survey received reward points worth ap-
proximately $5. 

Our study used data from the subsequent SummerStyles survey, 
which was sent to 5,584 respondents that completed SpringStyles, 
from June 12, 2018, to July 7, 2018. The subsequent Summer-
Styles survey included survey questions that were not in the initial 
SpringStyles survey. The final sample had 4,088 adults (response 
rate = 73.2%). Those who completed the SummerStyles survey 
also received reward points worth approximately $5. The data 
were then weighted to match the 2018 US Current Population Sur-
vey proportions for sex, age, annual household income, race and 
ethnicity, household size, education level, census region, and met-
ropolitian statistical area status (18). 

Of the 4,088 respondents, we excluded data from 306 respondents 
(7.4%) who were missing information on concerns and support for 
active living development (n = 40), physical activity (n = 71), 
body mass index (n = 64), smoking (n = 98), air pollution (n = 12), 
and neighborhood features of concern (n = 21). The final analytic 
sample had data from 3,782 respondents. 

Concerns for neighborhood revitalization and
support for walking and biking infrastructure 

Respondents were asked about their agreement (using a 5-point 
Likert scale) with 2 statements: 1) “My neighborhood is experien-
cing development or revitalization that has caused concerns about 
higher cost of living”; 2) “I would support changes to my neigh-
borhood to make it easier to walk or bike even if the changes lead 
to a higher cost of living for me.” Survey questions were de-
veloped de novo and were not cognitively tested. 

To compare those who agreed there were concerns with those who 
did not, concern was dichotomized into “concerned” (by grouping 
“somewhat agree” and “strongly agree”) and “not concerned” (by 
grouping “strongly disagree,” “somewhat disagree,” and “neither 
agree nor disagree”). To better distinguish between those who did 
not support and those who were neutral because the latter group 
may need different strategies for change, support was categorized 
into 3 groups: “supporters” (by grouping “somewhat agree” and 
“strongly agree”), “nonsupporters” (by grouping “strongly dis-
agree” and “somewhat disagree”), and neither (“neither agree nor 
disagree”). To assess specific concerns, we asked respondents 
“Which of the following changes to your neighborhood or com-
munity would cause the most concern about higher cost of 
living?” Respondents selected 1 of the following options: new 

sidewalks or stop signs, new bicycle lanes or paths, expanded pub-
lic transportation, new businesses with condos above, improved 
parks and recreational facilities, or none of these would cause con-
cern. 

Sociodemographic and health characteristics 

Respondents self-reported sociodemographic and economic char-
acteristics including sex (male, female), age category (18–34, 
35–49, 50–64, ≥65 years), education (high school graduate or less, 
some college, college graduate or more), race and ethnicity (His-
panic/Latino, non-Hispanic Black, non-Hispanic White, other non-
Hispanic [including multiracial]), annual household income 
(<$50,000, $50,000–$99,999, ≥$100,000), current employment 
status (working, retired or not working), and housing type (one 
family house, apartment or other). ConsumerStyles’ database 
provided geographic information on US Census region (Northeast, 
Midwest, South, West) and metropolitan statistical area status 
(nonmetropolitan, metropolitan) (19). 

Respondents also self-reported health behaviors (aerobic physical 
activity and smoking status), anthropometry (height and weight), 
and a health behavior–related decision about air pollution. To as-
sess physical activity, we used modified versions of the National 
Health Interview Survey physical activity questions (20). We 
asked respondents how often in a usual week and, if applicable, 
the amount of time during leisure time that they participated for at 
least 10 minutes at a time in 1) vigorous-intensity activities (ie, 
heavy sweating or large increases in breathing or heart rate) and 2) 
moderate-intensity activities (ie, medium sweating or moderate in-
crease in breathing or heart rate). To classify adults into levels of 
physical activity, we calculated minutes of moderate-intensity 
equivalent activity by counting 1 minute of vigorous-intensity 
activity as 2 minutes of moderate-intensity activity (1). We then 
classified respondents into 3 activity levels by using the current 
adult aerobic guideline (1): 1) active, reporting at least 150 
minutes per week of moderate-intensity equivalent physical activ-
ity; 2) insufficiently active, reporting some moderate-intensity 
equivalent physical activity but not enough to meet active defini-
tion; and 3) inactive, reporting no moderate-intensity equivalent 
physical activity that lasted at least 10 minutes. We assessed 
smoking status by using 2 questions, one about lifetime cigarette 
use and one about current cigarette use. We combined these and 
classified respondents into 3 categories: 1) current smoker (re-
spondents who self-reported having smoked at least 100 cigarettes 
in their lifetime and currently smoked some days or every day); 2) 
former smoker (respondents who reported having smoked at least 
100 cigarettes in their lifetime and currently smoked not at all); 
and 3) never smoker (respondents who reported having smoked 
fewer than 100 cigarettes in their lifetime). We used self-reported 
anthropometry to calculate body mass index (BMI, calculated as 
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weight in kilograms divided by the square of height in meters) and 
categorized respondents by using standard cut points (21): 1) un-
derweight/normal (<25.0); 2), overweight (25.0–29.9), and 3) 
obesity (≥30.0). Finally, we asked respondents about decisions re-
lated to air pollution exposure by using the question, “When walk-
ing, biking, or exercising outdoors, how often do you avoid busy 
roads to reduce your exposure to air pollution?” (always, usually, 
sometimes, rarely, never, don’t know). 

Statistical analyses 

We calculated descriptive statistics (weighted and unweighted) for 
all sociodemographic and health characteristics. We calculated 
prevalence and 95% CIs for the following: 1) agreement that 
neighborhood development or revitalization has caused concerns 
about higher cost of living, 2) support for active living improve-
ments even if they lead to a higher cost of living, and 3) specific 
changes in neighborhood transportation-related and land use–re-
lated features. We stratified prevalences by respondent character-
istics. We tested assocations between concern, support, and neigh-
borhood features and respondent characteristics by using adjusted 
Wald χ2 tests. Where appropriate, we used pairwise t tests with a 
Bonferroni correction and orthogonal polynomial contrasts to 
identify significant pairwise differences and trends by participant 
characteristics. We considered tests significant at P < .05, Bonfer-
roni adjusted. All analyses were conducted in 2020 by using SU-
DAAN release 11 (RTI International) to account for survey 
weights. 

Results 
The largest unweighted percentages of respondents for each demo-
graphic group were women, non-Hispanic White, 50 to 64 years 
old, currently employed, living in a 1-family house, and living in a 
nonmetropolitan area (Table 1). Slightly more than half were act-
ive and never smoked, although more than half were overweight 
or had obesity. Almost half attempted to reduce air pollution ex-
posure when walking, biking, or exercising outdoors by avoiding 
busy roads. 

Almost 1 in 5 respondents reported that development or revitaliza-
tion had caused concerns about higher cost of living in their neigh-
borhood (19.1%; 95% CI, 17.7%–20.6%) (Table 2). Concern de-
creased with increasing age and increased with increasing educa-
tion and physical activity levels. Concern was more prevalent 
among respondents who were Hispanic/Latino or other non-
Hispanic (including multiracial) versus non-Hispanic White; were 
currently employed versus retired or not working; lived in nonmet-
ropolitan versus metropolitan areas; and lived in the West versus 
other regions. 

Overall, approximately half of respondents (50.7%; 95% CI, 
48.9%–52.6%) supported changes to make it easier to walk or bike 
even if they lead to a higher cost of living (Table 3). Respondents 
who reported concerns about higher cost of living in their neigh-
borhood were more likely to express support (65.3%) than re-
spondents who did not report concerns (47.3%). Similar to the pre-
valence of concerns about neighborhood development, the preval-
ence of support decreased with increasing age and increased with 
increasing education and physical activity level. The prevalence of 
support also increased with increasing income and decreased with 
increasing BMI. We found no association between race or ethni-
city and support for changes to make it easier to walk or bike even 
if they lead to a higher cost of living. Unlike concern, support did 
not vary by employment status, housing type, or region. 

Of the specific changes in neighborhood features that could cause 
concern about higher cost of living, new businesses with condos 
above was the greatest land use–related concern (21.7%; 95% CI, 
20.2%–23.3%), followed by improved parks and recreation facilit-
ies (8.2%; 95% CI, 7.2%–9.3%) (Figure). Expanded public trans-
portation was the greatest transportation-related concern (8.0%; 
95% CI, 7.1%–9.0%). Respondents who reported concern about 
higher cost of living from neighborhood development overall also 
had higher prevalence of concern than respondents who did not re-
port concern across all infrastructure types, except new sidewalks 
or stop signs and improved parks and recreation facilities. Sup-
porters (versus neither) of active living changes reported greatest 
concern about new businesses and improved parks, while nonsup-
porters (versus neither) reported greatest concern for new bicycle 
lanes or paths (Figure). Physical activity and BMI were the only 
respondent characteristics that were not associated with concerns 
about specific changes in neighborhood features. 
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Figure. Prevalence of residents reporting specific changes in neighborhood 
features as causing concern, stratified by agreement with concerns about 
higher cost of living caused by changes and by support for changes to their 
neighborhoods even if the changes lead to higher cost of living, SummerStyles 
survey, 2018 (N = 3,782). 

Discussion 
This study leveraged data from a nationwide consumer panel sur-
vey to better understand perceptions of community development 
and revitalization strategies and whether residents were concerned 
about cost of living increases resulting from built environment 
changes to improve health. Results showed substantial levels of 
support for health-promoting neighborhood improvements in po-
tential contradiction with concerns about increased costs among 
some of the same demographic groups. Respondents who repor-
ted concerns about development raising costs were more likely to 
support changes to make it easier to walk or bike even if they led 
to increased costs (65.3%) than respondents who did not report 
such concerns (47.3%). However, given that a small percentage of 
the population reported concerns to begin with, these inconsisten-
cies are not highly prevalent in the overall population. Certain 
types of built environment changes, such as new businesses with 
condos above, were associated with more concern than other types 
of built environment changes, such as new sidewalks or stop signs. 
Understanding that residents may be both supportive and con-
cerned, as well as understanding the sources of concern, may be 
useful for decision makers as they seek to build community sup-
port for built environmental changes to improve active living. 

Cost of living is a concern among US residents (22). However, 
these results offer only limited support for our hypothesis that 
populations disproportionately affected by increases in cost would 
express more concern about and be less likely to support built en-

vironment changes to increase physical activity. In particular, the 
finding that support for changes to make it easier to walk or bike 
despite increasing costs was more prevalent among respondents 
reporting concerns compared with those not reporting concerns 
about development raising costs ran counter to our hypothsis. Sur-
vey results depicted greater concern among respondents living in 
the West, potentially because that area is developing and urbaniz-
ing more rapidly than other parts of the US (23). Consistent with 
previous SummerStyles analyses, our analysis found that respond-
ents with higher education levels expressed increased concern 
about cost of living changes resulting from neighborhood develop-
ment and revitalization (24). 

More than half of study respondents supported built environment 
or infrastructural changes to promote active living even if the 
changes could lead to a higher cost of living, despite nearly 1 in 5 
reporting concerns about such changes leading to increases in cost 
of living. This is consistent with another national survey examin-
ing support for policies that promote physical activity in neighbor-
hood environments even when these policies are associated with 
tax increases (25). However, the present survey failed to confirm 
our hypothesis that low-income or racial or ethnic minority popu-
lations would not support environmental changes to improve act-
ive living. 

Although this support from low-income or racial or ethnic minor-
ity populations may seem counterintuitive, other studies have dis-
cussed the complexity and nuances of perceptions of neighbor-
hood revitalization and development, with residents expressing 
support while acknowledging a “not for us” sentiment (26). Addi-
tional investigation of the complexities of resident concerns and 
support for changes in the active living environment could guide 
implementation of active living improvements and help com-
munities avoid unintended consequences. Involving community 
members meaningfully in neighborhood revitalization processes 
could also enhance understanding of these complexities. Further 
research could clarify whether inclusive policies could help en-
sure that economic development benefits existing residents who 
have often been historically disinvested and excluded (27). 

When examining specific transportation-related and land use–re-
lated neighborhood changes that could cause concern about a 
higher cost of living, respondents were more likely to be con-
cerned about changes representing larger investments, such as new 
businesses with condos above, improved parks and recreation fa-
cilities, and expanded urban transit. These sizable urban develop-
ments also have considerable economic implications and have 
been documented to draw businesses and new residents that can 
change neighborhood character, potentially resulting in gentrifica-
tion and displacement of previous businesses and residents (28). In 
contrast, environmental changes such as new sidewalks and stop 
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signs or new bicycle lanes and paths may be perceived as smaller 
investments, potentially driven by safety versus economic con-
cerns and thus less likely to indicate changes in an area’s econom-
ic opportunities. 

Limitations and strengths 

This study has some important limitations. One is potential sample 
selection bias associated with data from a volunteer-based panel 
survey. Although the sample had nationwide representation, 
people who agreed to participate may be different than those who 
did not, which might potentially bias results (29). Sample selec-
tion bias could also result from address-based sampling that does 
not reach homeless or institutionalized populations, which could 
potentially skew results toward higher-resource populations (29). 
In addition, data were self-reported and may be affected by recall 
bias (29). Survey responses may also be affected by social desirab-
ility bias, or the inclination to frame behaviors or attitudes in a 
positive manner, especially regarding physical activity behaviors 
and support for active living infrastructural changes. Survey ques-
tions were also not cognitively tested or psychometrically as-
sessed before administration, so insight is lacking about respond-
ents’ interpretation of survey question phrasing, such as “new 
businesses with condos above.” In particular, the survey question 
about concerns did not specify perceived concerns for the indi-
vidual but concerns overall, possibly at the neighborhood level, 
leading to possibility that the individual is supportive despite 
neighborhood concerns. In addition, respondents may have dis-
agreed with the question about concern if they did not perceive 
their neighborhood as experiencing development. However, an in-
terpretation focused on cost of living seems more likely, because 
the question on concern was immediately preceded on the survey 
by the question on support for changes to make it easier to walk or 
bike despite higher cost of living. The SummerStyles survey also 
did not collect data about active or vehicular commutes. This 
could affect perceptions, especially among those with active com-
mutes who may be more supportive of active transportation infra-
structure than others. Lastly, we were unable to differentiate 
between new residents and long-term residents who may have 
been aware of previous or planned built environment changes to 
improve active living, because the survey did not ask the length of 
time that respondents have lived in their neighborhoods. 

This study also has several strengths. Data about perceptions of 
neighborhood infrastructure to support physical activity with a na-
tionwide sample are rare and a substantial advantage of the survey. 
Furthermore, no previous study has examined the association 
between demographic characteristics and perceptions of neighbor-
hood infrastructure to support physical activity. Survey questions 

parallel those from other widely used built environment assess-
ment tools, such as the Neighborhood Environmental Walkability 
Scale (30), which facilitates comparison of results across studies. 
Lastly, the sample size was large, allowing us to examine differ-
ences across many different demographic characteristics. 

Conclusion 

While support for built environment changes to promote active 
living differed between demographic groups, this study found sup-
port for active living infrastructural changes, despite concerns over 
increased cost of living. It is important to understand community 
perceptions about the built environment or infrastructural changes 
to facilitate active living, because community buy-in and meaning-
ful participation are important for implementation (31). Com-
munities that comprise people with low incomes and other tradi-
tionally marginalized demographic groups are historically and cur-
rently oppressed by government entities, resulting in a lack of trust 
in engagement opportunities during the development process (13). 
As a result, community input may not accurately represent the 
views of these populations. Future research should aim to articu-
late best practices for equitable community engagement during the 
development and implementation processes. Solutions such as par-
ticipatory planning hold potential for community engagement in 
decisions about active living infrastructure (32). Policy recom-
mendations abound for mitigating displacement risk, though few 
have been evaluated (33). Public health and planning profession-
als can partner with communities to select the most appropriate 
measures for each context and evaluate each carefully for equity 
and effectiveness. Studies that further explore complexity in resid-
ent perceptions of neighborhood improvements to support active 
living would help communities respond to concerns when plan-
ning changes to promote health. This study has implications for 
engaging residents in decisions by addressing potential barriers to 
support for transportation and land use changes focused on in-
creasing active living and physical activity. 
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Tables 

Characteristics No. (%) Weighted % (95% CI)a 

Sex 

Men 1,887 (49.9) 48.6 (46.7–50.4) 

Women 1,895 (50.1) 51.4 (49.6–53.3) 

Age, y 

18–34 690 (18.2) 29.4 (27.5–31.4) 

35–49 995 (26.3) 24.1 (22.6–25.6) 

50–64 1,242 (32.8) 26.5 (25.0–28.0) 

≥65 855 (22.6) 20.1 (18.8–21.4) 

Education level 

High school graduate or less 1,239 (32.8) 38.7 (36.9–40.6) 

Some college 1,101 (29.1) 28.8 (27.2–30.5) 

College graduate or more 1,442 (38.1) 32.4 (30.8–34.1) 

Race and ethnicity 

Black, non-Hispanic 318 (8.4) 10.9 (9.8–12.2) 

Hispanic/Latino 353 (9.3) 15.6 (14.0–17.2) 

Other, non-Hispanic (including multiracial) 281 (7.4) 8.2 (7.1–9.4) 

White, non-Hispanic 2,830 (74.8) 65.3 (63.4–67.2) 

Annual household income, $ 

<50,000 1,171 (31.0) 33.8 (32.0–35.6) 

50,000–99,999 1,238 (32.7) 32.6 (30.9–34.4) 

≥100,000 1,373 (36.3) 33.6 (32.0–35.3) 

Current employment status 

Working 2,390 (63.2) 61.5 (59.7–63.3) 

Retired or not working 1,392 (36.8) 38.5 (36.7–40.3) 

Housing type 

One family house 3,146 (83.2) 80.5 (78.9–82.0) 

Table 1. Characteristics of Analytic Sample of US Adults (N = 3,782), SummerStyles Survey, 2018 

a Weighted to the total US population as estimated by the 2018 Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
c An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
d Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min. 
e Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
f Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 

(continued on next page) 
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(continued) 

Characteristics No. (%) Weighted % (95% CI)a 

Apartment or other 636 (16.8) 19.5 (18.0–21.1) 

Census regionb 

Northeast 709 (18.7) 17.9 (16.6–19.4) 

Midwest 841 (22.2) 20.9 (19.5–22.4) 

South 1,380 (36.5) 37.5 (35.7–39.3) 

West 852 (22.5) 23.6 (22.1–25.3) 

Metropolitan statistical area (MSA) statusc 

Nonmetropolitan 3,225 (85.3) 86.0 (84.7–87.2) 

Metropolitan 557 (14.7) 14.0 (12.8–15.3) 

Aerobic physical activity leveld 

Inactive 562 (14.9) 15.5 (14.2–16.9) 

Insufficiently active 1,079 (28.5) 28.5 (26.9–30.2) 

Active 2,141 (56.6) 56.0 (54.2–57.8) 

Smoking statuse 

Current smoker 426 (11.3) 11.6 (10.5–12.8) 

Former smoker 1,143 (30.2) 27.1 (25.6–28.6) 

Never smoker 2,213 (58.5) 61.3 (59.6–63.1) 

Body mass indexf 

Underweight/normal 1,184 (31.3) 34.0 (32.3–35.9) 

Overweight 1,321 (34.9) 32.8 (31.1–34.5) 

Obesity 1,277 (33.8) 33.2 (31.5–34.9) 

How often respondent avoids busy roads to reduce exposure to air pollution exposure when walking, biking, or exercising outdoors 

Always, usually, sometimes 1,885 (49.8) 49.3 (47.1–51.1) 

Rarely, never 1,518 (40.2) 40.0 (38.2–41.8) 

Don’t know 379 (10.0) 10.7 (9.6–12.0) 

Table 1. Characteristics of Analytic Sample of US Adults (N = 3,782), SummerStyles Survey, 2018 

a Weighted to the total US population as estimated by the 2018 Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
c An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
d Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min. 
e Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
f Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 
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Characteristics Agree, % (95% CI) Do not agree, % (95% CI) χ2 P value 

Total 19.1 (17.7–20.6) 80.9 (79.4–82.3) NA 

Sex 

Men 19.6 (17.6–21.8) 80.4 (78.2–82.4) 
.53 

Women 18.6 (16.6–20.8) 81.4 (79.2–83.4) 

Age, y 

18–34 21.9 (18.6–25.6)b 78.1 (74.4–81.4) 

<.001 
35–49 20.7 (18.0–23.7) 79.3 (76.3–82.0) 

50–64 18.5 (16.2–21.0) 81.5 (79.0–83.8) 

≥65 13.8 (11.5–16.6) 86.2 (83.4–88.5) 

Education level 

High school graduate or less 15.7 (13.5–18.3)b 84.3 (81.7–86.5) 

<.001Some college 19.9 (17.3–22.8) 80.1 (77.2–82.7) 

College graduate or more 22.4 (20.0–25.0) 77.6 (75.0–80.0) 

Race and ethnicity 

Black, non-Hispanic 21.4 (16.8–26.7)c,d 78.6 (73.3–83.2) 

<.001
Hispanic/Latino 28.9 (23.9–34.4)d 71.1 (65.6–76.1) 

Other, non-Hispanic (including multiracial) 25.5 (20.0–31.9)d 74.5 (68.1–80.0) 

White, non-Hispanic 15.6 (14.2–17.1)c 84.4 (82.9–85.8) 

Annual household income, $ 

<50,000 19.4 (16.8–22.3) 80.6 (77.7–83.2) 

.7650,000–99,999 19.6 (17.1–22.3) 80.4 (77.7–82.9) 

≥100,000 18.4 (16.1–20.8) 81.6 (79.2–83.9) 

Current employment status 

Working 20.6 (18.8–22.6) 79.4 (77.4–81.2) .01 

Table 2. Characteristics of Analytic Sample of US Adults (N = 3,782), by Agreement That Neighborhood Development or Revitalization Has Caused Concerns About 
Higher Cost of Living, SummerStyles Survey, 2018a 

Abbreviation: NA, not applicable. 
a Weighted to the total US population as estimated by the annual Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Signifiant linear trend, using orthogonal polynomial contrasts for trends test.
c, d, e Values within a column and in the same category that do not share a common superscripted letter are significantly different (Bonferroni corrected P < .05), 
whereas values that do share a common superscripted letter are not significantly different, using pairwise t tests. 
f Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
g An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
h Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min.
i Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
j Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 
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(continued) 

Characteristics Agree, % (95% CI) Do not agree, % (95% CI) χ2 P value 

Retired or not working 16.7 (14.5–19.1) 83.3 (80.9–85.5) 

Housing type 

One family house 17.1 (15.6–18.7) 82.9 (81.3–84.4) 
<.001 

Apartment or other 27.4 (23.6–31.7) 72.6 (68.3–76.4) 

Regionf 

Northeast 20.6 (17.2–24.4)c 79.4 (75.6–82.8) 

<.001 
Midwest 12.8 (10.5–15.7)d 87.2 (84.3–89.5) 

South 15.7 (13.7–18.0)c 84.3 (82.0–86.3) 

West 28.9 (25.4–32.7)e 71.1 (67.3–74.6) 

Metropolitan statistical area (MSA) statusg 

Nonmetropolitan 20.6 (19.0–22.3) 79.4 (77.7–81.0) 
<.001 

Metropolitan 9.8 (7.3–12.9) 90.2 (87.1–92.7) 

Aerobic physical activity levelh 

Inactive 14.1 (11.1–17.7)b 85.9 (82.3–88.9) 

.003Insufficiently active 18.4 (15.8–21.2) 81.6 (78.8–84.2) 

Active 20.9 (18.9–23.0) 79.1 (77.0–81.1) 

Smoking statusi 

Current smoker 18.5 (14.7–23.1) 81.5 (76.9–85.3) 

.14Former smoker 17.0 (14.7–19.6) 83.0 (80.4–85.3) 

Never smoker 20.2 (18.2–22.2) 79.8 (77.8–81.8) 

Body mass indexj 

Underweight/normal 19.4 (16.9–22.2) 80.6 (77.8–83.1) 

.89Overweight 18.6 (16.3–21.2) 81.4 (78.8–83.7) 

Obesity 19.3 (16.8–22.0) 80.7 (78.0–83.2) 

How often respondent avoids busy roads to reduce exposure to air pollution when walking, biking, or exercising outdoors 

Table 2. Characteristics of Analytic Sample of US Adults (N = 3,782), by Agreement That Neighborhood Development or Revitalization Has Caused Concerns About 
Higher Cost of Living, SummerStyles Survey, 2018a 

Abbreviation: NA, not applicable. 
a Weighted to the total US population as estimated by the annual Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Signifiant linear trend, using orthogonal polynomial contrasts for trends test.
c, d, e Values within a column and in the same category that do not share a common superscripted letter are significantly different (Bonferroni corrected P < .05), 
whereas values that do share a common superscripted letter are not significantly different, using pairwise t tests. 
f Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
g An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
h Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min.
i Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
j Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 
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(continued) 

Characteristics Agree, % (95% CI) Do not agree, % (95% CI) χ2 P value 

Always, usually, sometimes 22.0 (19.9–24.2)c 78.0 (75.8–80.1) 

<.001Rarely, never 17.0 (14.9–19.5)d 83.0 (80.5–85.1) 

Don’t know 13.5 (9.8–18.3)e 86.5 (81.7–90.2) 

Support changes to make it easier to walk or bike even if they lead to a higher cost of living 

Supporters 24.6 (22.4–26.9)c 75.4 (73.1–77.6) 

<.001Nonsupporters 19.7 (16.3–23.5)c 80.3 (76.5–83.7) 

Neither 10.5 (8.6–12.6)d 89.5 (87.4–91.4) 

Table 2. Characteristics of Analytic Sample of US Adults (N = 3,782), by Agreement That Neighborhood Development or Revitalization Has Caused Concerns About 
Higher Cost of Living, SummerStyles Survey, 2018a 

Abbreviation: NA, not applicable. 
a Weighted to the total US population as estimated by the annual Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Signifiant linear trend, using orthogonal polynomial contrasts for trends test.
c, d, e Values within a column and in the same category that do not share a common superscripted letter are significantly different (Bonferroni corrected P < .05), 
whereas values that do share a common superscripted letter are not significantly different, using pairwise t tests. 
f Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
g An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
h Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min.
i Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
j Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 
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Characteristics Supporters, % (95% CI) Nonsupporters, % (95% CI) Neither, % (95% CI) χ2 P value 

Total 50.7 (48.9–52.6) 16.1 (14.8–17.4) 33.2 (31.5–35.0) NA 

Sex 

Men 50.6 (48.0–53.2) 17.1 (15.2–19.1) 32.3 (29.9–34.8) 
.32 

Women 50.8 (48.2–53.4) 15.1 (13.4–17.1) 34.0 (31.6–36.6) 

Age, y 

18–34 51.0 (46.7–55.2)b 15.0 (12.2–18.2) 34.1 (30.1–38.2) 

.01 
35–49 54.2 (50.8–57.6) 16.4 (14.1–19.1) 29.4 (26.3–32.6) 

50–64 51.2 (48.2–54.2) 16.7 (14.6–19.0) 32.1 (29.4–35.0) 

≥65 45.5 (42.0–49.0) 16.5 (14.0–19.3) 38.0 (34.6–41.6) 

Education level 

High school graduate or less 40.6 (37.5–43.9)b 16.8 (14.5–19.3)b 42.6 (39.4–45.8)b 

<.001Some college 51.5 (48.2–54.9) 18.2 (15.8–20.9) 30.3 (27.3–33.4) 

College graduate or more 62.1 (59.2–64.8) 13.3 (11.6–15.3) 24.6 (22.2–27.2) 

Race and ethnicity 

Black, non-Hispanic 55.4 (49.3–61.3) 13.5 (9.7–18.4) 31.2 (25.8–37.1) 

.03
Hispanic/Latino 56.2 (50.4–61.8) 12.9 (9.5–17.2) 30.9 (25.8–36.5) 

Other, non-Hispanic (including multiracial) 47.3 (40.3–54.4) 13.5 (9.4–19.1) 39.2 (32.3–46.6) 

White, non-Hispanic 49.1 (47.0–51.1) 17.6 (16.1–19.2) 33.4 (31.4–35.3) 

Annual household income, $ 

<50,000 42.2 (38.9–45.5)b 17.6 (15.2–20.2) 40.3 (37.0–43.6)b 

<.00150,000–99,999 52.2 (49.0–55.4) 15.8 (13.6–18.2) 32.0 (29.1–35.1) 

≥100,000 57.9 (54.8–60.8) 14.8 (12.9–17.1) 27.3 (24.6–30.2) 

Current employment status 

Working 55.3 (53.0–57.6)c 15.8 (14.3–17.5) 28.8 (26.8–31.0)c 
<.001 

Table 3. Characteristics of Analytic Sample of US Adults (N = 3,782), by Support for Changes to Make It Easier to Walk or Bike Even if They Lead to a Higher Cost of 
Living, SummerStyles Survey, 2018a 

Abbreviation: NA, not applicable. 
a Weighted to the total US population as estimated by the annual Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Signifiant linear trend, using orthogonal polynomial contrasts for trends test.
c, d, e Values within a column and in the same category that do not share a common superscripted letter are significantly different (Bonferroni corrected P < .05), 
whereas values that do share a common superscripted letter are not significantly different, using pairwise t tests. 
f Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
g An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
h Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min.
i Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
j Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 
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(continued) 

Characteristics Supporters, % (95% CI) Nonsupporters, % (95% CI) Neither, % (95% CI) χ2 P value 

Retired or not working 43.3 (40.4–46.4)d 16.4 (14.3–18.8) 40.2 (37.2–43.3)d 

Housing type 

One family house 52.3 (50.3–54.3)c 15.7 (14.3–17.2) 32.0 (30.2–34.0)c 

.005 
Apartment or other 44.3 (39.9–48.7)d 17.6 (14.4–21.4) 38.1 (33.9–42.5)d 

Regionf 

Northeast 48.9 (44.7–53.1) 16.0 (13.3–19.2) 35.1 (31.0–39.3) 

.14 
Midwest 48.6 (44.7–52.5) 14.8 (12.4–17.6) 36.6 (32.9–40.5) 

South 53.3 (50.3–56.3) 15.2 (13.2–17.5) 31.5 (28.7–34.4) 

West 49.8 (45.9–53.7) 18.6 (15.7–21.9) 31.6 (28.1–35.3) 

Metropolitan statistical area (MSA)g 

Nonmetropolitan 51.9 (49.9–53.9)c 15.3 (14.0–16.8)c 32.7 (30.9–34.7) 
.002 

Metropolitan 43.2 (38.7–47.8)d 20.7 (17.1–24.7)d 36.1 (31.8–40.7) 

Aerobic physical activity levelh 

Inactive 35.9 (31.5–40.6)b 18.4 (15.1–22.3) 45.6 (41.0–50.4)b 

<.001Insufficiently active 45.8 (42.4–49.2) 17.6 (15.2–20.2) 36.6 (33.4–40.0) 

Active 57.3 (54.9–59.7) 14.7 (13.0–16.5) 28.0 (25.9–30.3) 

Smoking statusi 

Current smoker 44.5 (39.2–49.9)c 19.7 (15.8–24.3) 35.8 (30.9–41.1) 

.02Former smoker 49.5 (46.3–52.7)c,d 17.9 (15.7–20.5) 32.6 (29.7–35.6) 

Never smoker 52.4 (50.0–54.9)d 14.6 (13.0–16.4) 33.0 (30.7–35.4) 

Body mass indexj 

Underweight/normal 51.6 (48.3–54.9)b 14.7 (12.5–17.1) 33.7 (30.6–37.0) 

.007Overweight 53.6 (50.5–56.7) 16.9 (14.8–19.3) 29.4 (26.7–32.3) 

Obesity 46.9 (43.8–50.0) 16.7 (14.5–19.1) 36.4 (33.4–39.5) 

How often respondent avoids busy roads to reduce exposure to air pollution when walking, biking, or exercising outdoors 

Table 3. Characteristics of Analytic Sample of US Adults (N = 3,782), by Support for Changes to Make It Easier to Walk or Bike Even if They Lead to a Higher Cost of 
Living, SummerStyles Survey, 2018a 

Abbreviation: NA, not applicable. 
a Weighted to the total US population as estimated by the annual Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Signifiant linear trend, using orthogonal polynomial contrasts for trends test.
c, d, e Values within a column and in the same category that do not share a common superscripted letter are significantly different (Bonferroni corrected P < .05), 
whereas values that do share a common superscripted letter are not significantly different, using pairwise t tests. 
f Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
g An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
h Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min.
i Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
j Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 

(continued on next page) 
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(continued) 

Characteristics Supporters, % (95% CI) Nonsupporters, % (95% CI) Neither, % (95% CI) χ2 P value 

Always, usually, sometimes 58.6 (56. 0–61.1)c 13.8 (12.1–15.6)c 27.6 (25.3–30.1)c 

<.001Rarely, never 45.9 (43.0–48.8)d 19.1 (17.0–21.5)d 35.0 (32.2–37.9)d 

Don’t know 32.7 (27.5–38.3)e 15.2 (11.7–19.6)c,d 52.1 (46.4–57.8)e 

Agree that neighborhood is experiencing development or revitalization that has caused concerns about higher cost of living 

Agree 65.3 (61.1–69.3)c 16.6 (13.7–19.9) 18.2 (15.1–21.8)c 

<.001 
Do not agree 47.3 (45.3–49.3)d 16.0 (14.6–17.5) 36.8 (34.8–38.8)d 

Table 3. Characteristics of Analytic Sample of US Adults (N = 3,782), by Support for Changes to Make It Easier to Walk or Bike Even if They Lead to a Higher Cost of 
Living, SummerStyles Survey, 2018a 

Abbreviation: NA, not applicable. 
a Weighted to the total US population as estimated by the annual Current Population Survey by sex, age, annual household income, race and ethnicity, household 
size, education, census region, and MSA status.
b Signifiant linear trend, using orthogonal polynomial contrasts for trends test.
c, d, e Values within a column and in the same category that do not share a common superscripted letter are significantly different (Bonferroni corrected P < .05), 
whereas values that do share a common superscripted letter are not significantly different, using pairwise t tests. 
f Regions are defined as the following: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, New Jersey, New York, Pennsylvania, and 
Vermont; Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, 
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Mississippi, Maryland, North Carolina, Oklahoma, South Carolina, Virginia, Tennessee, Texas, West Vir-
ginia, and District of Columbia; West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 
g An MSA was categorized as metropolitian if it was associated with at least 1 urbanized area that has a population of at least 50,000.
h Respondents were classified into 3 activity levels by using the current adult aerobic guideline (1): 1) active, reporting at least 150 min/week of moderate-intensity 
equivalent physical activity; 2) insufficiently active, reporting some moderate-intensity equivalent physical activity but not enough to meet active definition; and 3) 
inactive, reporting no moderate-intensity equivalent physical activity that lasted at least 10 min.
i Current smoker: respondents who self-reported having smoked at least 100 cigarettes in their lifetime and currently smoked some days or every day; former 
smoker: respondents who reported having smoked at least 100 cigarettes in their lifetime, and currently smoked not at all; and never smoker: respondents who re-
ported having smoked fewer than 100 cigarettes in their lifetime.
j Calculated as weight in kilograms divided by the square of height in meters. Underweight/normal: <25.0; overweight: 25.0–29.9; and obesity: ≥30.0. 
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Summary 

What is already known on this topic? 

Information is needed on how social and environmental determinants of 
health affect outcomes of common cancers to create a measure and 
identify geographic locations that are most in need of public health inter-
vention. 

What is added by this report? 

A risk index representing 25 predictors of death from the 4 most common 
cancers was created by using population-based, county-level data in 
Illinois. We correlated the index with mortality rates from the 4 most com-
mon cancers, and both exhibited similar geospatial distribution across the 
state. 

What are the implications for public health practice? 

Professionals in many health fields can adapt our framework to construct 
indexes and inform public health resource allocations. 

Abstract 

Introduction 
Nearly half of all cancer deaths in the US are attributed to 4 com-
mon cancers: lung, colorectal, breast, and prostate. Illinois resid-
ents experience higher rates of cancer death from all 4 cancers 
compared with the US overall. We developed the Illinois Cancer 
Risk Index (ICRI), which incorporates many predictors of these 
cancers into a single summary measure, to identify Illinois 
counties that would benefit most from public health intervention. 

Methods 
We identified 90 county-level predictors of 4 common cancers, 
used multicollinearity testing to reduce this number to 61, and ap-
plied factor analysis to extract and analyze 4 factors representing 
25 variables. Next, we created the ICRI by regressing the 4 factors 
on our outcome of interest — an age-adjusted common cancers 
mortality rate (CCMR), incorporating the direction of the β-
coefficients from regression models to sum factor scores. Finally, 
we mapped and assessed the geographic distributions of both ICRI 
and CCMR by county across the state. 

Results 
The ICRI was positively associated with the CCMR (r = 0.59, P < 
.001) and explained 32.2% of the variance in the CCMR across 
Illinois. The ICRI showed distinct geospatial patterns across the 
state, with the highest risk counties located in the east–central, far 
northern, and southern regions. The CCMR showed similar geo-
spatial patterns. 

Conclusion 
Our study identifies counties in Illinois that may benefit most from 
interventions that target multiple cancer risk factors simultan-
eously. The ICRI may be adapted for use in other geographic loca-
tions where data are available. 

Introduction 
Cancer is the second leading cause of death in the US, with lung 
cancer accounting for almost one-quarter (23%) of cancer deaths. 
Other common sites of cancer death are colorectal (9%), female 
breast (7%), and prostate (5%) (1). Illinois residents experience 
higher rates of death from all 4 of these cancers compared with the 
US overall (1). In Illinois, approximately 14,140 deaths from these 
4 common cancers are expected in 2022, with wide variation 
across the state (2). 

Determinants of cancer incidence include those related to demo-
graphics, social and economic factors, health behaviors, the phys-
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ical environment, and clinical care (3). For example, Singh et al 
(4) showed that cancer outcomes in the US correlate with so-
cioeconomic status and race and ethnicity at both individual and 
population levels. Other researchers have demonstrated that health 
behaviors and cumulative environmental quality influence cancer 
risk (5–7). Krieger (8) proposed an ecosocial theory and discussed 
how social and biologic reasoning and dynamic and ecologic per-
spectives could affect distributions and result in social inequalities 
in cancer outcomes. Most cancer risk factors have been examined 
in isolation with respect to outcomes. Although some indexes have 
been constructed and used, their data were older (9,10) than ours, 
focused on just one cancer type (11), or did not include specific 
risk factors such as individual health behaviors, air pollution, Eng-
lish proficiency, and poor physical and mental health (9–11). Our 
study included these additional elements of risk and evaluated the 
index’s relation to an outcome that reflects the 4 most common 
causes of cancer death in Illinois. 

This article introduces the Illinois Cancer Risk Index (ICRI), 
which incorporates predictors of the most common cancer deaths 
into a single summary measure. The index can be used to identify 
counties in Illinois where public health intervention is needed 
most. 

Methods 
We identified 90 variables related to the following domains of 
risk: demographics, social and economic factors, health behaviors, 
the physical environment, and clinical care. We selected these on 
the basis of published literature (3), ecosocial theory (8), and 
available Illinois county data. For each variable, the most recent 
county-level data (2014–2018) were extracted from publicly avail-
able sources, including the Area Health Resources Files (12), 
County Health Rankings and Roadmaps (CHR) (13), the US De-
partment of Agriculture Food Environmental Atlas (14), and the 
Illinois Environmental Protection Agency Bureau of Air (15). 

We normalized each of the 90 variables and expressed them as 
either per-capita values or percentages by using the following for-
mula: 

Variable normalized = (Variable – Variable minimal) / (Variable 

maximal – Variable minimal) 

Data were available for more than 94% of our study variables for 
all 102 Illinois counties. We replaced missing data for the risk 
factors (1.1% of data points missing) and site-specific cancer mor-
tality rates (30.4% of data points missing) by using the hot deck 
imputation method (16). Subsequently, we standardized data for 
each variable by applying a z score standardization to transform 
the different variables into comparable scales (16). We then con-

ducted redundancy and multicollinearity tests by using variance 
inflation factors (VIFs) to remove highly correlated variables (VIF 
>5) and improve the efficiency of factor analysis. Sixty-one vari-
ables were retained for subsequent exploratory factor analysis 
(16). 

Exploratory factor analysis was used to extract 13 grouped vari-
ables called “factors” from these 61 variables. Analysis was initi-
ated by estimating the variance component with principal compon-
ent analysis. We used the Kaiser Measure of Sampling Adequacy 
(Kaiser MSA) in combination with variable communalities (pro-
portion of each variable’s variance that the factors explain) to ex-
tract these factors. We used the Bartlett χ2 test to validate the es-
timated factors (all P values < .001). Factors containing 2 or few-
er variables or those whose ascribed variables all had factor load-
ings less than 0.5 were excluded. Four factors representing 25 
variables were retained for analysis (Table 1). 

Our outcome of interest was the average age-adjusted mortality 
rate from lung, colorectal, breast, and prostate cancers, which we 
refer to as the common cancer mortality rate (CCMR). Cancer 
mortality data were obtained from the Illinois State Cancer Re-
gistry and included the years 2014–2018 (15). We replaced miss-
ing data with hot-deck imputation for counties that had low counts 
because of suppressed data. 

We used multiple linear regression to assess the bivariate and mul-
tivariate relationships between each of the 4 retained factors. We 
then used this regression analysis information to construct the 
ICRI. In brief, the direction of each association (the sign of the β-
coefficient) was incorporated into the calculation of the ICRI. For 
each Illinois county, the ICRI was calculated by multiplying the 
standardized value of each variable by its respective factor load-
ing and then summing all 4 factors together while accounting for 
the sign of the β-coefficient from regression models. We used the 
following equation: 

ICRI = Factor Score 1 + Factor Score 3 + Factor Score 5 + 
Factor Score 6 

For example, we calculated the ICRI for Cumberland County as 

ICRICumberland County = Factor Score 1Cumberland County + Factor 
Score 3Cumberland County + Factor Score 5Cumberland County + Factor 
Score 6Cumberland County = (−0.49) + (−1.91) + (−3.92) + (−3.05) = 
−9.37 

Sensitivity analyses were performed in which the ICRI was re-
gressed individually against breast, colorectal, lung, and prostate 
cancer mortality rates. 
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We generated and comparted maps of the ICRI and CCMR by 
county. We divided county-level CCMRs into quintiles for map-
ping. For the ICRI map, counties were classified for risk as very 
low, low, average, high, and very high. Low- and high-risk 
counties had index values that were more than 0.5 SD but less than 
1.5 standard deviations from the mean. Very low-risk and very 
high-risk counties had an index more than 1.5 standard deviations 
from the mean. Average risk counties had an ICRI value within 
0.5 standard deviations from the mean. 

We used SPSS version 27.0 (IBM Corp) to conduct all analyses 
and constructed maps in ArcGIS Pro 2.8 (Esri Corp). 

Results 
The communalities of variables (the proportion of common vari-
ance found in a particular variable) were all higher than 0.5. All 
variables correlated with at least 1 other variable (correlation coef-
ficient of at least 0.3), indicating that variables all shared some 
common variance. We retained 4 factors representing 25 variables 
because, together, they explained 70.1% of the total variance of 
the 61 originally identified, noncollinear variables across Illinois. 
These factors were calculated, along with the variables that each 
one comprises and their factor loadings (Table 1). Factor 1 in-
cluded Black race and health behaviors (the variable with the 
highest factor loading was Black race at 0.931) and explained 
27.3% of the total variance. Factor 3 included Hispanic ethnicity, 
rurality, measures of air pollution, and language barriers (the vari-
able with the highest factor loading was the percentage of non-
Hispanic White race at −0.787) and explained 17.8% of the total 
variance. Factor 5 included aspects of financial security (the vari-
able with the highest factor loading was percentage of people liv-
ing in poverty at 0.820) and explained 16.7% of the total variance. 
Factor 6 included density of primary care providers, education, 
and income ratio (the variable with the highest factor loading was 
the primary care provider [PCP] rate at 0.553). PCP rate is the ra-
tio of population to primary care physicians and includes practi-
cing physicians specializing in general practice medicine, family 
medicine, internal medicine, and pediatrics, and explained 8.3% of 
the total variance. 

Regression analysis and index construction 

In bivariate regression, Factor 5 was the only significant predictor 
of the CCMR; Factors 1,  3,  and 6 and the ICRI were not. 
However, in multivariable regression, all 4 retained factors signi-
ficantly predicted the CCMR. Together, they explained 33.5% of 
the variance in the county-level CCMR across the state of Illinois 
(Table 2). 

The ICRI had a moderate positive association with the CCMR (r = 
0.59, P < .001) and explained 32.2% of the variance in this out-
come (Table 2). The ICRI had a mean of 0 and an SD of 4.6. Win-
nebago County in the northern portion of the state had the highest 
index value at 10.76, implying a high risk of mortality from lung, 
breast, prostate, and colorectal cancers in this area. Cumberland 
County in the east had the lowest value at −9.37, implying a low 
risk of mortality from these 4 cancers in that area. 

We performed sensitivity analyses by regressing the ICRI against 
individual cancer mortality rates rather than the CCMR (Table 3). 
The ICRI explained the largest proportion of variation in prostate 
cancer mortality (64%), followed by deaths from breast (57%), 
colorectal (56%), and lung (23%) cancer. 

Maps 

Thirty-three Illinois counties were classified as at high or very 
high risk for the 4 common cancers (Figure) based on the ICRI, 
and 32 counties were classified as low or very low risk. Higher 
risk counties were primarily located in the east–central portion of 
the state, with several counties in the far northern and southern 
portions of the state also classified as such. Counties in the 2 
highest CCMR quintiles were located predominantly in the north-
east and southern parts of Illinois, with some counties in the cent-
ral portion. 
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Figure 1. Distribution by county of risk of the 4 most common cancers — lung, 
colorectal, breast, and prostate — in Illinois. Map A displays risk by the Illinois 
Cancer Risk Index (ICRI) for each county. Higher risk counties were located in 
the east-central portion of the state, with some also located in the far northern 
and southern portions of the state. Map B plots the common cancer mortality 
rate (CCMR), 2014–2018, for each county in Illinois. Counties in the 2 highest 
CCMR quintiles were located in the northeast and southern parts of Illinois, 
with some also located in the central portion of the state. 

Discussion 
We constructed a novel cancer risk index — ICRI — by using 
population-based, county-level data from the state of Illinois. The 
ICRI represented a broad range of determinants of the 4 most 
common cancers in both Illinois and the US. To the best of our 
knowledge, our study incorporates one of the largest numbers of 
cancer risk factors (based on ecosocial theory [8]) to date and has 
important implications for screening, intervention resource alloca-
tion, and access to cancer care. 

Our study differs from other reports that also describe cancer risk 
indexes. Although Scott et al (9) included factors from several do-
mains, our study also examined air pollution, English proficiency, 
and poor physical and mental health. Wang et al (10) used data 
from 1998–2000 to focus exclusively on late-stage cancers and did 
not include rurality, air pollution, English proficiency, poor phys-
ical and mental health, or health behaviors such as alcohol con-
sumption, smoking, and diet. In a separate publication, Wang et al 
(11) used breast cancer mortality throughout Illinois as the out-
come of interest and did not include rurality, air pollution, English 
proficiency, poor physical and mental health, health behaviors, or 
ratio of population to primary care physicians. Overall, our study 
evaluated more domains than previous studies and created a 
unique outcome by averaging the 4 most common causes of can-
cer death in Illinois. 

Demographic variables had high loadings in 2 factors included in 
our index. For the first factor, the percentage of the population that 
identified as non-Hispanic Black had the highest factor loading. 
For the second factor, the percentage of the population that identi-
fied as non-Hispanic White had the highest factor loading. Togeth-
er, these 2 factors explained 45.1% of the total variance of the 61 
variables across Illinois. These variables exhibited the connec-
tions between social disparities and cancer risks across Illinois 
counties, showing patterns similar to larger-scale studies. For in-
stance, previously published research found substantially elevated 
cancer mortality rates at multiple sites among non-Hispanic Black 
populations compared with non-Hispanic White populations (8). 
On the other hand, Hispanic populations had lower cancer mortal-
ity rates than non-Hispanic White or non-Hispanic Black popula-
tions, although Hispanic populations tend to have later-stage dia-
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gnoses and poorer quality of life at the national level and across 
Illinois (1). 

In our index, Hispanic ethnicity is loaded passively with air pollu-
tion variables. This association may indicate the disparities 
between racial and ethnic minorities and environmental pollution 
(7). A recent study showed that Hispanic, Latino, and other minor-
ity populations were being exposed to higher levels of dangerous 
fine particulate matter 2.5 (PM2.5) from air pollution than other 
groups; previous studies also found that the Hispanic population is 
at higher risk of premature death from exposure to PM2.5 air pollu-
tion (17), which echo our results. Next, because about 14% of the 
Illinois population are non–US-born (18), it is important to con-
sider the additional hurdles encountered by this group. Limited 
English proficiency can burden non–US-born people when they 
attempt to access health care in the US, although they often have 
lower cancer mortality rates than people born in the US. Over 
time, their cancer rates tend to equal or even exceed those of 
people born in the US as they acculturate, and this tendency is 
why English proficiency was loaded in our index. 

Factor 1 included health behavior–related variables and poor phys-
ical and mental health days. Multiple studies have shown that 
health behaviors are strongly associated with cancer outcomes. For 
example, smoking and alcohol consumption are known risk factors 
for multiple cancers (19,20), with smoking the most predominant 
risk factor for lung cancer (3). Additionally, previous research 
demonstrated that people who develop mental disorders after a 
cancer diagnosis may be at higher risk of cancer death (21). Fur-
thermore, mental health treatment offered to cancer patients after 
diagnosis can improve lung cancer survival, and reductions in the 
severity of mental illness may manifest in greater self-efficacy for 
managing chronic conditions and improvements in positive health 
behaviors, such as physical activity and stress management (22). 
However, past studies using Illinois data (10,11) and US data (9) 
did not consider these variables to create their single or multiple 
cancer sites index. 

Living in a rural area — which had a high factor loading in our in-
dex — is also associated with higher cancer mortality rates be-
cause of limited health care access (23). Another variable, severe 
housing problems, was loaded in the same factor with rural area. 
Although housing is not frequently examined with cancer out-
comes, studies have found that it is associated with increased can-
cer mortality disparities between Black and White populations 
(9,23). Rural residency and the health behavior variables loaded in 
our factors might represent latent variables related to protective 
behaviors associated with cancer outcomes. 

Household income, median home value, and median gross rent 
were loaded negatively in Factor 5, echoing the findings from oth-

er research that low- and middle-income counties have higher can-
cer mortality rates than high-income counties in the US (24). On 
the other hand, the variables “some college,” “PCP rate,” and “in-
come ratio” were positively associated in Factor 6. These results 
are similar to some studies that found that education, primary care 
access, and income might have essential roles in cancer treatment 
and prevention (25,26). For example, use of breast and colorectal 
cancer screening is 20% to 30% lower among those with only a 
high school education than among college graduates (25). Also, a 
greater primary care physician supply was associated with lower 
cancer mortality (26), and low income is a barrier to health care 
access (25). 

Although the ICRI explained only 32.2% of the variance in the 
age-adjusted CCMR, the combinations of the multiple cancer risk 
variables demonstrate the nature of cancer as a heterogeneous dis-
ease with many risk factors that may have a long-term impact on 
health (8). Although resource allocation can affect all the vari-
ables analyzed in this article, some variables, such as smoking and 
alcohol consumption, are also considered modifiable cancer risk 
factors. In addition, lifestyle modification could significantly re-
duce the burden of cancer (27); thus, public health professionals in 
Illinois may use the index to direct risk reduction and health pro-
motion programs and policies at those counties most in need. 

Our index explained the largest proportion of variance in prostate 
cancer mortality rates across Illinois and the smallest proportion 
for lung cancer. Many variables used in our study may relate to 
prostate cancer mortality in Illinois compared with other cancer 
types because early screening often can reduce prostate cancer risk 
for highly educated people with cancer screening resources (28). 
The low prediction of lung cancer mortality might be due to the 
noise introduced by smoking as the strongest risk factor for lung 
cancer (3). It also indicates that underlying latent sociodemograph-
ic variables other than smoking and air pollution could have an 
impact on lung cancer mortality in Illinois. Future studies could 
explore more variables specifically related to lung cancer mortal-
ity risk. Nevertheless, our index map showed a similar geospatial 
pattern that matches the county-level CCMR. Both maps demon-
strate the compelling need for cancer-related public health re-
source allocation in east-central and northern Illinois. 

Previous Illinois studies examined the associations between sever-
al risk factors and late-stage diagnosis for 4 common cancers and 
created a county-level index for breast cancer (10,11). Our study 
differs in that we comprehensively focused on ecosocial determin-
ants of cancer risk factors according to ecosocial theory (8). Many 
variables used to construct our index are also associated with oth-
er cancer outcomes and other chronic noncommunicable diseases 
(27,29). This framework could potentially be used to create a sim-
ilar scoring system for public health professionals. 
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Strength and limitations Author Information 
Our study had several strengths. First, it incorporated numerous 
cancer risk factors at population levels to create a cancer risk in-
dex for Illinois. Our results identified physical and mental health 
variables and air toxin variables that previous studies did not in-
clude. Additionally, the use of a factor analysis framework can ex-
plore the underlying trends in the data, increase interpretability, 
and minimize information loss while reducing dimensionality. 
Furthermore, we identified and reduced factors from large feature 
sets associated with common cancer mortality in Illinois, and this 
information can assist in cancer intervention and prevention pro-
gram planning at the county level. 

Our study had some limitations. First, we only examined the state 
of Illinois. Further studies should explore larger data sets with 
counties from multiple US states and abroad. Second, we needed 
to impute data for some counties because of missing data; this was 
to ensure that an ICRI value was ascribed to each county. Third, 
we relied on data that were self-reported and aggregated at the 
county level, which may obscure nuances in individual behavior 
and be susceptible to social desirability bias. Fourth, caution must 
be applied in interpreting the index because we evaluated the ICRI 
by using its correlation with CCMR, and correlation does not sig-
nify causation. Despite these limitations, the calculated index 
provides informative data to advise public health professionals. To 
address these limitations in future studies, researchers can use lar-
ger and validated data sets and machine learning frameworks, 
which are becoming increasingly prevalent in cancer research, to 
model risk factors (30). 

Conclusion 

This study identified, reduced, and analyzed a substantial number 
of cancer predictors and incorporated them into a single novel 
county-level index for the state of Illinois. Our analysis found that 
the ICRI was moderately associated with the CCMR, which is the 
average mortality from the 4 most common cancers in the state. 
Public health professionals may use this framework to target re-
sources and interventions to counties in Illinois that score highest 
on the risk index and are, therefore, most in need. Future research 
should apply this framework to construct indexes for other dis-
eases and for multiple geographic locations. 
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Tables 

Variable 

Factor nameb 

1. Black race and 
health behaviors 

3. Ethnicity, air
quality, housing,
and rurality 

5. Financial needs 
and 
unemployment 

6. Education, 
primary care
provider, and
income ratio Communalitiesc Source 

Non-Hispanic Black
population, 2014–2018, % 

0.93d — — — 0.96 County Health Rankings
(13) 

Non-Hispanic White
population, 2014–2018, %b 

— −0.79 — — 0.95 

Hispanic population,
2014–2018, % 

— 0.79 — — 0.90 

Rural population, 2010, % — 0.75 — — 0.81 

Current smokerd, % 0.88 — — — 0.94 

Excessive drinkinge, % 0.85 — — — 0.90 

Poor physical health daysf , 
mean no. 

0.79 — — — 0.85 

Poor mental health daysg, 
mean no. 

0.62 — — — 0.89 

Limited access to healthy
foods, 2014–2018, % 

0.53 — — — 0.86 

Severe housing problemsh, % — 0.73 — — 0.86 

Carbon monoxidei — 0.72 — — 0.97 Illinois Environmental 
Protection Agency Bureau
of Air (15)Nitrogen oxidesj — 0.72 — — 0.97 

Average daily PM2.5 
k — 0.72 — — 0.65 County Health Rankings

(13) 

Sulfur dioxidel — 0.72 — — 0.97 Illinois Environmental 
Protection Agency Bureau
of Air (15)Volatile organic materialm — 0.72 — — 0.97 

Population not proficient in
English, % 

— 0.69 — — 0.90 County Health Rankings
(13) 

Population living in poverty,
2014–2018, % 

— — 0.82 — 0.93 Area Health Resources 
Files (12) 

Table 1. Factor Loadingsa and Sources of Data for Variables, the Illinois Cancer Risk Index, 2014–2018 

Abbreviations: — , variable not included in the model. 
a Factor loadings: correlation coefficients between observed variables and common latent factors.
b Factor is a latent variable associated with a set of observed variables that have similar response patterns. 
c The correlation coeffect r and P value of bivariate linear regression between factor and common cancers mortality rate.
d Percentage of adults who smoked 100 cigarettes in their lifetime and currently smoked, 2014–2018. 
e Percentage of adults reporting binge or heavy drinking, 2014–2018. Binge drinking = consuming 4 or more drinks on one occasion for a woman or 5 or more 
drinks on one occasion for a man. Heavy drinking = 8 or more drinks per week for a woman or 15 or more drinks per week for a man.
f Number of physically unhealthy days in past 30 days (age-adjusted), 2014–2018. 
g Number of mentally unhealthy days in past 30 days (age-adjusted), 2014–2018. 
h Percentage of households with at least 1 of 4 housing problems: overcrowding, high housing costs, lack of kitchen, or lack of plumbing facilities, 2014–2018.
i Carbon monoxide stationary point source emission distribution at county level (tons/y), 2014–2018.
j Nitrogen oxides stationary point source emission distribution at county level (tons/y), 2014–2018.
k Average daily density of fine particulate matter in micrograms per cubic meter (PM2.5), 2014–2018.
l Sulfur dioxide stationary point source emission distribution (tons/y), 2014–2018. 
m Volatile organic material point source emission distribution (tons/y), 2014–2018. 
n Adults aged 25–44 years with some post-secondary education, 2014–2018. 
o Ratio of household income at the 80th percentile to income at the 20th percentile at county level, 2014–2018. 

(continued on next page) 
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(continued) 

Variable 

Factor nameb 

1. Black race and 
health behaviors 

3. Ethnicity, air
quality, housing,
and rurality 

5. Financial needs 
and 
unemployment 

6. Education, 
primary care
provider, and
income ratio Communalitiesc Source 

Median household income, 
2014–2018 

— — −0.81 — 0.95 County Health Rankings
(13) 

Median home value, 
2014–2018 

— — −0.66 — 0.94 Area Health Resources 
Files (12) 

Median gross rent,
2014–2018 

— — −0.60 — 0.89 

Unemployment rate,
2014–2018 

— — 0.56 — 0.72 USDA Food Environmental 
Atlas (14) 

Some collegen — — — −0.51 0.78 County Health Rankings
(13)

Ratio of population to primary
care physicians 

— — — 0.55 0.7 

Income ratioo — — — 0.54 0.743 

Correlation coeffect r and P 
value 

r = 0.37, P < .001 r = 0.36, P < .001 r = 0.04, P = 0.03 r = 0.26, P < .001 — — 

Table 1. Factor Loadingsa and Sources of Data for Variables, the Illinois Cancer Risk Index, 2014–2018 

Abbreviations: — , variable not included in the model. 
a Factor loadings: correlation coefficients between observed variables and common latent factors.
b Factor is a latent variable associated with a set of observed variables that have similar response patterns. 
c The correlation coeffect r and P value of bivariate linear regression between factor and common cancers mortality rate.
d Percentage of adults who smoked 100 cigarettes in their lifetime and currently smoked, 2014–2018. 
e Percentage of adults reporting binge or heavy drinking, 2014–2018. Binge drinking = consuming 4 or more drinks on one occasion for a woman or 5 or more 
drinks on one occasion for a man. Heavy drinking = 8 or more drinks per week for a woman or 15 or more drinks per week for a man.
f Number of physically unhealthy days in past 30 days (age-adjusted), 2014–2018. 
g Number of mentally unhealthy days in past 30 days (age-adjusted), 2014–2018. 
h Percentage of households with at least 1 of 4 housing problems: overcrowding, high housing costs, lack of kitchen, or lack of plumbing facilities, 2014–2018.
i Carbon monoxide stationary point source emission distribution at county level (tons/y), 2014–2018.
j Nitrogen oxides stationary point source emission distribution at county level (tons/y), 2014–2018.
k Average daily density of fine particulate matter in micrograms per cubic meter (PM2.5), 2014–2018.
l Sulfur dioxide stationary point source emission distribution (tons/y), 2014–2018. 
m Volatile organic material point source emission distribution (tons/y), 2014–2018. 
n Adults aged 25–44 years with some post-secondary education, 2014–2018. 
o Ratio of household income at the 80th percentile to income at the 20th percentile at county level, 2014–2018. 
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Factor name 

Multivariable linear regressiona Bivariate linear regressions 

β SE P value Intercept β SE P value r 2 

Intercept 20.65 0.02 <.001  —  —  —  —  — 

Factor 1 0.23 0.08 <.001 20.64 0.76 0.09 <.001 0.14 

Factor 3 2.11 0.07 <.001 20.65 1.49 0.08 <.001 0.13 

Factor 5 0.04 0.08 .01 20.64 0.19 0.09 .03 0.002 

Factor 6 0.38 0.11 .004 20.66 0.65 0.09 <.001 0.07 

ICRI  —  —  — 20.63 1.09 0.16 <.001 0.32 

Table 2. Associations Between Retained Factors and the Illinois Cancer Risk Index (ICRI) with the Common Cancer Mortality Rate, 2014–2018 

Abbreviations: — , variable not included in the model. 
a r  2 = 0.335. 
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Age-adjusted cancer mortality rates (2014–2018) 

Bivariate linear regressions 

Intercept β SE P value r 2 

Breast cancer 12.483 1.37 0.20 <.001 0.57 

Colorectal cancer 12.324 0.10 0.13 <.001 0.56 

Lung cancer 51.500 0.39 0.25 .02 0.23 

Prostate cancer 8.116 1.33 0.16 <.001 0.64 

Table 3. Regression Analysis, Illinois Cancer Risk Index (ICRI) Relative to Breast, Colorectal, Lung, and Prostate Cancer Mortality Rates, 2014–2018 
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