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ABSTRACT

Background: The U.S. Centers for Disease Control and Prevention (CDC) recognizes that older adults and individuals with certain medical conditions are at increased
risk of severe COVID-19 infection. Understanding the proportion of the population at risk of severe infection, including among those with heart disease, could assist
current vaccine strategy efforts.

Methods: Using data from the 2015-2018 National Health and Nutrition Examination Survey (NHANES), we estimated the weighted prevalence of any of eight of
eleven increased-risk conditions (including age >65) in U.S. adults aged >18 (N = 10,581) and extrapolated these results to a population of 233.8 million U.S. adults
>18, and subgroups from the overall population defined by race/ethnicity, education, income and history of heart disease.

Results: An estimated 176.1 million individuals representing 75.4% of U.S. adults had at least one increased-risk condition, 40.3% >2 and, 18.5% >3 conditions.
Approximately 129 million adults aged <65 (69.2%) were also estimated to be at increased-risk. Compared to Whites, similar proportions of Blacks in the overall
population (78.0 vs. 75.6%, p>0.05) and Hispanics in the younger population (70.8 vs 68.4%) were estimated to be at increased-risk. Conversely, a greater proportion
of individuals with lower education and income levels were estimated to be at increased-risk both in the overall and younger population. In addition, an estimated
6.2 million individuals (14.5%) had heart disease. Among these, virtually all had at least one additional CDC risk factor (97.9%) and most had >2 or >3 risk factors
(83.8% and 58.5%, respectively).

Conclusions: As vaccination strategies are being explored, these results demonstrate that >75% of adults in the U.S. would be considered at increased-risk for severe
COVID-19 infection by CDC criteria. Risk factor prevalence alone may not adequately capture the totality of risk, particularly among Black and Hispanic racial/ethnic
groups and those with heart disease.

1. Introduction

Certain chronic medical conditions predispose individuals to severe
illness from COVID-19 infection, including hospitalization, need for in-
tensive care, or death [1]. The U.S. Centers for Disease Control and Pre-
vention (CDC) has delineated criteria that indicate an increased risk of
severe COVID-19 infection including older age and ten specific medical
conditions [2]. Recognizing that initial vaccine supply will be limited,
the CDC and the National Institutes of Health have commissioned the
National Academies to produce guidance to assist policymakers in de-
termining an optimal strategy for the equitable allocation of a COVID-
19 vaccine [3]. An understanding of the proportion of the population
at risk of severe COVID-19 infection, based on current CDC guidance,
could contribute meaningfully to these efforts.

2. Methods
2.1. Population

A detailed description of the National Health and Nutrition Examina-
tion Survey (NHANES) is provided on the NHANES website [4]. Briefly,
NHANES is a series of cross-sectional surveys conducted using a strati-
fied probability sampling design to enroll a representative sample of U.S.
civilian, non-institutionalized individuals with deliberate oversampling
of certain subgroups to provide more precise estimates in these groups.
NHANES has been conducted since 1959 with continuous data collection
and data release every two years since 1999. The data collected includes
a comprehensive demographic and health survey, physical examination
and laboratory studies [4]. The present study used data from the 2015-
2016 and 2017-2018 NHANES surveys. NHANES de-identified datasets
are publicly available from the CDC and the protocols have been re-
viewed and approved by the National Center for Health Statistics Ethics
Review Board. Local institutional review board review is not required
for use of NHANES data.
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2.2. Demographics

In NHANES, a standardized questionnaire was used to collect infor-
mation on age, gender, race/ethnicity, family income and educational
attainment. For this study, educational attainment was categorized into
three groups: less than a high school education, a high school education
and more than a high school education. Poverty income ratio (measure
of family income to Department of Health and Human Services (HHS)
defined poverty level) was selected as the income variable for this study
and categorized into two groups: less than 1.5 and equal to or greater
than 1.5.

2.3. Variable definitions

The ten medical conditions identified by the CDC include current
cancer, chronic obstructive pulmonary disease (COPD), chronic kidney
disease (CKD), immunocompromised state from solid organ transplant,
obesity (BMI >30 kg/m?2), serious heart condition such as heart failure,
coronary artery disease or cardiomyopathies, sickle cell disease, current
or past smoking, pregnancy and type 2 diabetes [2]. Only conditions
for which there was stronger evidence per the CDC of increased risk of
severe COVID-19 infection were included in this analysis. The current
analysis used age >65 as an additional risk criteria based on prior CDC
criteria which included it as an increased risk condition, and sensitivity
analyses were performed removing this risk factor. Pregnancy was not
coded in NHANES. Sickle cell and solid organ transplant were also not
coded in NHANES but at a prevalence of 0.03% [5] and 0.25% [6], re-
spectively, these represent a very small proportion of the US population.

Serious heart conditions was defined as an affirmative response to
“ever told you had coronary heart disease” or “ever told you had heart
attack” or ever told you had congestive heart failure”. Cerebrovascular
disease was not including in the serious heart conditions definition as
cerebrovascular disease was specifically excluded as an increased risk
condition by the CDC, and was designated one of the 11 conditions
where an individual “might be at increased risk” for severe COVID-
19 infection. Current cancer was ascertained based on an affirmative
response to the following question “ever told you had cancer or malig-
nancy” and a response to the follow-up question “age cancer diagnosed”
that confirmed the diagnosis had been made within two years of the sur-
vey. Sensitivity analyses were performed assessing 1 year and 5 years
intervals since cancer diagnosis. CKD was defined by urine/albumin
creatinine ratio > 30 mg/g or estimated glomerular filtration rate 15—
59 mL/min/1.73m? or ESRD, defined by an affirmative response to the
question “ever told you had weak/failing kidneys” and “received dialy-
sis in past 12 months” [7]. COPD was defined by an affirmative response
to the question “ever told you had emphysema” or “ever told you had
COPD” or “ever told you have chronic bronchitis”. Obesity was defined
by a calculated body mass index > 30 kg/m? that was determined from
direct measurement of height and weight by study personnel. Smoking
was defined as an affirmative response to “smoked > 100 cigarettes in
life”. Type 2 diabetes mellitus was defined by alc > 6.5% or fasting
plasma glucose > 126 mg/dL or an affirmative response to “doctor told
you have diabetes” [8].

2.4. Statistical analysis

The NHANES analytic guidelines recommend combining survey cy-
cles to obtain more precise subgroup estimates [9]. We determined
the prevalence of the nine risk factors including age >65 coded in
NHANES in the unweighted 2015-2016 and 2017-2018 overall sam-
ple of adults aged >18 (N = 10,581) and extrapolated these results
to a population of 233.8 million U.S. adults > 18. We then exam-
ined the prevalence of these risk factors in subgroups defined by gen-
der, age, race/ethnicity, educational attainment, income and history
of heart disease. Using NHANES-supplied sample weights, these preva-
lence estimates were weighted to obtain nationally representative preva-
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lence estimates. NHANES sample weights take into account the complex
NHANES survey design including differential probability of sampling,
non-response, and differences between the final sample distribution and
target population distribution [9]. Sample weights for the combined
2015-2018 period were obtained by dividing the 2-year weight from
the 2015-2016 and 2017-2018 periods by two (the number of two-year
cycles) [9]. The weighted prevalence estimates were then used to de-
termine the estimated average population numbers at risk during the
2015-2018 time period per methods provided by the National Center
for Health Statistics [9].

We performed sensitivity analyses excluding those aged >65, evalu-
ating the proportion with >2 or >3 risk factors, and excluding obesity
and age >65 as increased-risk conditions. Comparisons between the pro-
portions with any increased-risk condition among subgroups were per-
formed using a first-order Rao-Scott chi-square test that accommodates
the NHANES sampling methodology.

3. Results

An estimated 176.1 million individuals representing 75.4% of U.S.
adults had at least one increased-risk condition (Table 1), 40.3% had
>2 conditions and, 18.5% >3 conditions. Excluding age as a risk fac-
tor, 72.6% of U.S. adults were estimated to be at increased risk of
severe COVID-19 infection (Table 1). Notably, the proportion at risk
was considerable amongst those at younger ages (<65), with 69.2% at
increased-risk overall, including 58.8% in those 18-29. Obesity was the
most prevalent risk condition (41.3%), followed by age >65 (20.2%)
and CKD (15.8%) (Table 2). Excluding obesity, 61.1% of the overall
population and 51.2% <65 remained at increased-risk (Table 1).

The proportions at risk were similar among Black and White individ-
uals in the overall population (75.6 vs 78.0%, p>0.05), and in younger
adults (71.5 vs. 70.8%, p>0.05) (Table 1). In addition, similar propor-
tions of younger Hispanics and Whites were estimated to be at increased-
risk (68.4 vs 70.8%, p>0.05), with proportionally fewer Hispanics in
the overall population at increased-risk compared to Whites (71.6 vs
78.0%, p<0.05). Those with lower education levels (<high school vs.
>high school, 83.0 vs 71.0%, p<0.05) and lower income levels (<150%
vs. >150% federal poverty level, 54.7% vs 49.1%, p<0.05) had a greater
proportion at increased-risk.

An estimated 6.2 million individuals (14.5% of the population) had
heart disease. Among these, almost all had at least one additional CDC
risk factor (97.9%) and most had >2 or >3 risk factors (83.8% and
58.5%, respectively) (Fig. 1). The most common additional risk fac-
tor was current or prior smoking (62.2%) followed by age >65 years
(59.7%).

4. Discussion

Using NHANES, we demonstrate that more than three-quarters of
the U.S. adult population would be considered at increased-risk for se-
vere illness from COVID-19 infection applying CDC criteria, including
almost seventy percent of those <65 years of age. Recent studies re-
ported lower COVID-19 at-risk population proportions compared with
the current study (28.5-43%) [10-12]. However, one report did not in-
clude obesity [4], and the others used data from the Behavioral Risk
Factor Surveillance System (BRFSS) which is known to underestimate
obesity prevalence [13,14]. None applied the most recent CDC criteria
which includes smoking status. Thus, these prior reports likely under-
estimate the population at risk [14] and our estimates may be valuable
in planning for a priority group for vaccination and other public health
interventions.

Numerous studies have described characteristics associated with se-
vere COVID-19 infection [1,15-18]. These studies vary in populations
studied, setting, and outcome measures, and despite much consistency
in findings, they do observe some differences in finding. The main ob-
jective of this study was to specifically evaluate the CDC criteria as they
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Table 1
Proportion of the U.S. Population at increased risk of severe COVID-19 infection.
All Age <65
Any risk factor Any risk factor
Two or more risk Three or more risk excluding excluding age Risk factors
Any risk factor'%* + factors’,%* + SE factors’,%"* + SE obesity”,%* + SE >65%,%"* + SE (No. Any risk factor'%* + excluding obesity%*
SE (No. in millions) (No. in millions) (No. in millions) (No. in millions) in millions) SE (No. in millions) + SE (No. in millions)
All 754 + 1.1 403 + 1.2 18.5 + 0.7 61.1 + 1.0 726 £ 1.0 69.2 + 1.3 512 1.2
176.1 94.2 43.2 142.7 169.6 129.0 95.6
Gender
Male 781+ 13 419 + 1.6 19.8 + 0.9 64.7 + 1.0 76.6 £ 1.2 731 + 1.5 56.6 + 1.2
87.6 47.0 222 72.5 86.0 66.8 51.7
Female 729 + 1.2 388 +1.4 172 + 0.9 57.8 + 1.4 68.8 + 1.3 653 + 1.4 46.1 + 1.6
88.5 472 20.9 70.2 83.6 62.2 43.8
Age
18-29 58.8 + 2.1 164 + 1.5 14 +04 394 + 2.1 58.8 + 2.1 58.8 + 2.1 394 + 2.1
255 7.1 0.6 17.1 255 25.5 17.1
30-39 675+ 1.4 247 £ 1.4 48 £ 0.6 472 + 15 675+ 1.4 675+ 14 472 £ 1.5
279 10.2 2.0 19.5 279 279 19.5
40-49 78.0 + 1.5 295 + 1.8 8.0 + 0.9 50.5 + 1.9 683 + 2.0 68.3 + 2.0 505+ 1.9
48.7 11.6 32 19.9 26.9 26.9 19.9
50-64 100 395+ 19 175+ 1.2 62.6 + 1.7 780 + 1.5 78.0 + 1.5 62.6 + 1.7
285 24.7 10.9 39.1 48.7 48.7 39.1
65-74 100 843 + 1.6 54.1 + 2.5 100 843 + 1.6 - -
18.6 24.1 154 285 24.1
>75 88.8 + 1.2 594 + 2.2 100 88.8 + 1.2 - -
16.5 11.1 18.6 16.5
Race/Ethnicity
Hispanic 71.6 + 1.3l 335+ 1.8 12.7 £ 1.0 514 + 1.8 703 + 1.2 68.4 + 1.2% 46.0 + 1.7
25.9 12.1 4.6 18.6 25.5 22.3 15.0
White 780 + 1.3 433 + 15 205+ 08 654 + 1.3 745 £ 1.3 708 + 1.8 54.1 £ 1.7
115.0 63.8 30.3 96.5 109.9 78.8 60.3
Black 75.6 + 1.5% 397 + 1.5 182 + 1.1 56.5 + 1.7 742 + 1.6 715 + 1.6* 49.1 + 1.8
20.1 10.5 4.8 15.0 19.7 16.2 11.1
Asian 50.7 + 1.6 20.7 £ 1.7 9.0 +1.2 427 + 1.7 46.8 + 1.5 420+ 14 326 + 1.5
7.0 2.8 1.2 5.9 6.4 4.9 3.8
Other 84.7 + 2.6 50.6 + 3.8 228 £23 70.1 + 2.8 842 +£26 82.1 + 3.0 65.1 + 3.4
82 4.9 22 6.8 82 6.8 54
Education
<High 83.0 £ 1.2 485+ 19 264 + 1.6 719 + 1.9 80.6 + 1.3 77.6 + 1.5 629 + 2.2
School 24.9 14.5 7.9 215 24.1 17.6 14.3
High 828 + 1.0 46.5 + 1.6 219+ 1.2 69.2 + 1.3 80.6 + 1.0 78.4 + 1.2 612 + 1.6
School 46.3 26.0 12.2 38.7 45.1 34.8 27.2
>High 71.0 + 1.2 363 + 1.3 15.5 + 0.7 55.8 + 1.1 679 + 1.2 64.1+ 14 453 +1.2
School 104.8 53.6 23.0 82.4 100.3 76.5 54.1
Income
<150% FPL  80.1 + 1.5 71 442 + 1.8 210+ 1.2 67.1 + 1.6 78.7 + 1.5 76.4 + 1.6 61.0 + 1.7
40.9 22.6 10.7 343 40.2 32.9 26.3
>150% FPL  73.6 + 1.2 385+ 1.3 17.5 + 0.7 587 + 1.2 703 + 1.1 66.7 + 1.4 478 + 1.4
118.1 61.8 28.0 94.1 112.9 84.7 60.6

Abbreviations: FPL, federal poverty line.
*Percentages are relative to the total in each row - for example, in the second row of the second column, 60.5% refers to the proportion of the overall population
with any risk factor for severe COVID-19 infection.

T Risk criteria include current cancer, chronic kidney disease, chronic obstructive pulmonary disease, obesity, serious heart conditions, and type 2 diabetes
mellitus (T2DM), as well as age > 65. Current cancer was ascertained based on an affirmative response to the following question “ever told you had cancer or
malignancy” and a response to the follow-up question “age cancer diagnosed” that confirmed the diagnosis had been made within two years of the survey.

* Individuals of all ages are included in this group, but the obesity risk criteria was omitted.

§ Individuals of all ages are included in this group, but the age risk criteria (>65 years) was omitted.

Il p<0.05 compared to Whites.

# p>0.05 comparted to Whites.

** p<0.05 compared to > High School.

T p<0.05 compared to >150% FPL.The estimated average U.S. adult population at the time of the NHANES survey in 2015-2018 was 233.8 million. The estimated
number of individuals within each subgroup of the population during the survey period was as follows: gender — male, 112.2 million, female, 121.6 million; age —
18-29, 43.3 million; 30-39, 41.4 million, 40-49, 39.4 million, 50-64, 62.4 million; 65-74, 28.6 million, > 75, 18.7 million; race/ethnicity — Hispanic, 36.2 million,
White, 147.6, Black, 26.5 million, Asian, 13.7 million, Other, 9.7 million; Education — <High school, 30.0 million, High school, 55.9 million, >High school, 147.8
million; Income - <150% poverty 51.2 million, > 150% poverty 160.5 million.The estimated average U.S. population <65 at the time of the NHANES survey in
2015-2018 was 186.5 million. The estimated number of individuals within each subgroup of this population during the survey period was as follows: gender —
male, 91.4 million, female, 95.2 million; age — 18-29, 43.3 million; 30-39, 41.4 million, 40-49, 39.4 million, 50-64, 62.4 million; race/ethnicity — Hispanic, 32.6
million, White, 111.3, Black, 22.7 million, Asian, 11.7 million, Other, 8.3 million; Education — <High school, 22.8 million, High school, 44.4 million, >High school,
119.4 million; Income - <150% FPL, 43.1 million, > 150% FPL, 127.0 million.
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Table 2
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Proportion of the U.S. Population with each CDC risk factor for severe COVID-19 infection.

Current Cancer,%’

Heart Disease,%"

Age > 65%" + SE  + SE (No. in COPD,%" + SE CKD,%" + SE (No. =+ SE (No. in Obesity,%" + SE ~ Smoking,%" + SE T2DM,%" + SE
(No. in millions) millions) (No. in millions) in millions) millions) (No. in millions) (No. in millions) (No. in millions)
All 202 + 0.9 1.9 + 0.2 4.1+ 04 158 + 0.6 6.2 +£ 0.5 413 £ 1.2 429 13.8% +0.6
(47.2) (4.4) (9.6) (36.8) (14.5) (96.4) (100.2) (32.2)
Gender
Male 186 = 1.1 19+03 39+ 05 144 + 0.7 7.7 £ 0.7 405 + 1.7 51.6 152 £ 0.8
(20.8) (2.1) (4.4) (16.1) (8.7) (45.4) (57.9) (17.0)
Female 21.7 + 0.9 1.9+03 43 + 0.5 17.0 £ 0.9 48 £ 04 419 + 1.2 34.8 125 + 0.8
(26.4) (2.4) (5.2) (20.7) (5.8) (51.0) (42.3) (15.2)
Age
18-29 - 03 +0.2 0.1 0.1 6.0 + 0.9 0.1 +0.1 342 + 23 33.9 2.1+04
(0.1) (0.06) (2.6) (0.03) (14.8) (14.7) (0.9)
30-39 - 0.2 +0.1 0.5+ 0.2 7.4 £ 038 1.0 + 0.3 424 + 1.5 41.5 50+ 05
(0.09) (0.2) (3.0) (0.4) (17.5) (17.1) (2.1)
40-49 - 04 + 0.2 1.8+ 04 8.2+ 0.8 1.7 £ 03 438 + 2.1 413 106 = 1.1
(0.2) (0.7) (3.2) (0.7) (17.2) (16.3) (4.2)
50-64 - 25+ 05 73 +0.38 15.7 £ 1.1 7.6 + 09 446 + 1.8 46.2 194 + 1.1
(1.5) (4.6) (9.8) (4.7) (27.9) (28.8)) (12.1)
65-74 100 24 + 0.6 72+12 296 + 1.8 154 + 1.5 44.0 + 24 51.2 272+ 19
(28.6) (0.7) (2.1) (8.5) (4.4) (12.6) (14.6) (7.8)
>75 100 9.7 +1.2 10.8 + 1.0 51.8 + 1.8 229+ 16 344 + 2.0 46.4 275+ 1.5
(18.7) (1.8) (2.0) (9.7) (4.3) (6.4) (8.7) (5.1)
Race/Ethnicity
Hispanic 10.1 £ 1.0 0.7 £ 0.2 1.5 +0.2 125 £ 0.7 35+05 459 + 1.3 34.5 150 £ 1.2
(3.7) (0.2) (0.6) (4.5) (1.3) (16.6) (12.5) (5.4)
White 246 1.1 25+03 5.0 + 0.6 16.5 + 0.8 7.0 + 0.6 408 + 1.5 46.7 12.7 £ 0.7
(36.3) (3.7) (7.4) (24.4) (10.4) (60.2) (68.9) (18.7)
Black 145 + 0.8 1.1 +£0.2 29+ 04 169 + 1.1 59+ 06 482 + 1.3 38.6 16.7 + 0.8
(3.9) (0.3) (0.8) (4.5) (1.6) (12.8) (10.2) (4.4)
Asian 150 = 1.6 0.6 +0.2 0.7 £ 0.2 134+ 13 32+06 153 + 1.0 20.3 154 + 1.0
(2.1) (0.08) (0.09) (1.8) (0.4) (2.1) (2.8) (2.1)
Other 144 + 2.4 1.6 + 0.8 8.4 + 2.1 165 + 1.8 92 +20 48.7 +3.5(4.7) 595 152+ 2.0
(1.4) (0.2) (0.8) (1.6) (0.9) (5.8) (1.5)
Education
<High 242 + 1.7 1.7+ 04 6.8 + 0.7 212 + 0.7 92 +10 405 + 1.4 51.0 207 + 1.3
School (7.2) (0.5) (2.0) (6.4) (2.8) (12.2) (15.3) (6.2)
High 206 + 1.5 21 +05 58 £ 0.7 182 + 1.2 6.6 + 0.9 456 + 1.6 52.6 145 + 0.9
School (11.5) (1.2) (3.2) (10.2) (3.7) (25.5) (29.4) (8.1)
>High 192 + 1.0 1.8 +0.2 29+ 04 13.7 + 0.6 55+05 398 + 1.5 37.6 12.1 £ 0.7
School (28.4) (2.7) (4.3) (20.2) (8.1) (58.8) (55.5) (17.8)
Income
<150% FPL 15.7 + 1.2 1.7 £+ 0.2 7.6 £ 0.7 184 + 1.0 7.5+ 06 429 + 1.2 40.4 153 £ 0.7
(8.0) (0.8) (3.9) (94) (3.9) (21.9) (64.8) (7.9)
>150% FPL 209 + 1.1 1.7 £+ 0.2 3.0+ 04 14.7 + 0.6 55+ 05 412+ 13 51.1 13.1 £ 0.7
(33.5) (2.7) (4.9) (23.7) (8.9) (66.1) (26.1) (21.0)

Abbreviations, FPL, federal poverty line.

* Risk criteria include current cancer, chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), immunocompromised state from solid organ
transplant, obesity (BMI >30kg/m2), serious heart conditions, sickle cell disease, current or past smoking, pregnancy, type 2 diabetes, as well as age>=65.

T Current cancer was ascertained based on an affirmative response to the following question “ever told you had cancer or malignancy” and a response to the
follow-up question “age cancer diagnosed” that confirmed the diagnosis had been made within two years of the survey. Sensitivity analyses were performed
assessing 1 year and 5 years intervals since cancer diagnosis. The prevalence of current cancer in the overall cohort was 1.0% + 0.2 when current cancer was
defined using a 1-year window from cancer diagnosis and 4.0% =+ 0.3 with a 5-year window from diagnosis.The estimated average U.S. population at the time
of the NHANES survey in 2015-2018 was 233.8 million. The estimated average number of individuals within each subgroup of the population during the survey
period was as follows: gender — male, 112.2 million, female, 121.6 million; age — 18-29, 43.3 million; 30-39, 41.4 million, 40-49, 39.4 million, 50-64, 62.4
million; 65-74, 28.6 million, > 75, 18.7 million; race/ethnicity — Hispanic, 36.2 million, White, 147.6, Black, 26.5 million, Asian, 13.7 million, Other, 9.7 million;

Education - <High school, 30.0 million.

were derived from careful curation and amalgamation across the spec-
trum of studies, and are the criteria currently being applied to inform
vaccine prioritization policies in the U.S [19]. The estimates of the popu-
lation proportion at risk of severe COVID-19 infection are somewhat sen-
sitive to the components that comprise these criteria. For example, ex-
cluding those with obesity the proportion at risk decreased from 75.4%
to 61.1%. However, excluding aged >65 had minimal impact on these
estimates. It appears that varying the number of risk conditions (ie: >2
or >3 conditions vs. having any 1 condition) has a greater impact on
the prevalence of those deemed at increased risk than exclusion of any
component condition.

An excess in COVID-19 hospitalizations and mortality amongst Black
and Hispanic compared to White populations in the U.S. is well doc-
umented [14,20,21,22]. In a national morbidity and mortality report,
the greatest excess in deaths for the period Jan 26-October 3, 2020 was
reported in Hispanic individuals, amongst whom a 53.6% increase in
deaths was recorded. During this period, a 32.9% increase in deaths
was recorded amongst Black individuals compared to a 11.9% increase
amongst White individuals [23]. The current study did not evaluate ac-
tual clinical outcomes. However, the comparable proportions of Blacks
and Hispanics deemed to be at increased-risk by having at least one
CDC risk condition relative to Whites appear paradoxical to contempo-
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21.3%
20.0%
7'5% l
0.0% |
1 additional >=2 risk >=3 risk Age>=65 Cancer COPD CKD Obesity Smoking T2DM
risk factor factors factors

Fig. 1. Prevalence of additional risk factors among those with heart disease (n = 6.2 million).
COPD indicates chronic obstructive pulmonary disease; CKD, chronic kidney disease, T2DM, type 2 diabetes mellitus.

rary observations of substantially greater mortality rates from COVID-19
infections in these groups. Our findings suggest that the prevalence of
risk factors does not convey the increment in risk conferred by this risk
factor burden in a particular group. Further, overall access and patterns
of care and other social determinants of health play a considerable role
in health status. Of note, although we found that fewer Hispanics would
be at increased risk compared to Whites in the overall population, this is
likely due to the younger Hispanic population included in this sample.

Individuals with heart disease are known to be a particularly vulner-
able group in terms of complications from COVID-19 infection [24,25].
In the NHANES cohort, almost all had at least two additional increased-
risk factors whereas in the overall sample, only ~ 20% had this degree of
multimorbidity. Thus, the presence of heart disease is an important risk
factor for severe COVID-19 infection because it both confers increased
risk and is a marker of the presence of multiple risk factors for severe
COVID-19 infection. Moreover, given the prevalence of multimorbity in
this group, the CDC proposed risk factors for severe COVID-19 infection
are likely a poor discriminator of risk in this population.

Several potential limitations of this study should be noted. This study
relies on the accuracy and adequacy of representation provided by the
sample in the NHANES 2015-2018 surveys for the U.S. population. Sec-
ond, risk factor definitions might differ from those intended by the CDC.
However, the definitions employed here were based on NHANES vari-
able definitions that have been used in prior literature where available.
Further, the CDC does not provide specific definitions for the increased
risk conditions specified. Third, the effect size of each risk factor was
not taken into account in our analysis, so this report does not address
degree of risk. This limitation is inherent to all studies of this kind at
this time as effect estimates of severe COVID-19 risk factors are widely
variable and ultimately unreliable [11,26].

As vaccination strategies are being explored, these data highlight
the sizeable proportion of the population considered at risk of severe
COVID-19 infection using CDC criteria, including young individuals.
The vast majority of those with heart disease also have multiple risk
factors, meaning the presence of risk factors will not differentiate risk
amongst this group. These results also suggest that medical co-morbidity
data alone may fail to capture the totality of COVID-19 related risk in
Black and Hispanic racial/ethnic groups, and demonstrate the need for
ongoing efforts to refine parameters that capture risk in vulnerable pop-
ulations.
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