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Although cardiovascular disease risk factors relate to COVID-19, the association of esti-
mated atherosclerotic cardiovascular disease (ASCVD) risk with severe COVID-19 is not
established. We examined the relation of the pooled-cohort ASCVD risk score to severe
COVID-19 among 28,646 subjects from the National COVID Cohort Collaborative data-
base who had positive SARS-CoV-2 test results from April 1, 2020 to April 1, 2021.
In addition, 10-year ASCVD risk scores were calculated, and subjects were stratified into
low-risk (<5%), borderline-risk (5% to <7.5%), intermediate-risk (7.5% to <20%), and
high-risk (>=20%) groups. Severe COVID-19 outcomes (including death, remdesivir
treatment, COVID-19 pneumonia, acute respiratory distress syndrome, and mechanical
ventilation) occurring during follow-up were examined individually and as a composite in
relation to ASCVD risk group across race and gender. Multiple logistic regression,
adjusted for age, gender, and race, examined the relation of ASCVD risk group to the
odds of severe COVID-19 outcomes. Our subjects had a mean age of 59.4 years; 14% were
black and 57% were female. ASCVD risk group was directly related to severe COVID-19
prevalence. The adjusted odds ratio of the severe composite COVID-19 outcome by risk
group (vs the low-risk group) was 1.8 (95% confidence interval 1.5 to 2.2) for the border-
line-risk, 2.7 (2.3 to 3.2) for the intermediate-risk, and 4.6 (3.7 to 5.6) for the high-risk
group. Black men and black women in the high-risk group showed higher severe COVID-
19 prevalence compared with nonblack men and nonblack women. Prevalence of severe
COVID-19 outcomes was similar in intermediate-risk black men and high-risk nonblack
men (approximately 12%). In conclusion, although further research is needed, the 10-year
ASCVD risk score in adults ages 40 to 79 years may be used to identify those who are at
highest risk for COVID-19 complications and for whom more intensive treatment may be
warranted. © 2022 The Author(s). Published by Elsevier Inc. This is an open access arti-
cle under the CC BY license (http://creativecommons.org/licenses/by/4.0/) (Am J Cardiol
2022;183:16−23)
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a novel coronavirus which may progress
to coronavirus disease (COVID-19).1 Most patients with
COVID-19 are either asymptomatic or exhibit mild symp-
toms, although some progress to more severe disease.
Severe symptoms of COVID-19, as defined by the National
Institutes of Health (NIH), include the following: COVID-
19−associated pneumonia, blood oxygen saturation <94%
on room air at sea level, arterial partial pressure of oxygen
to fraction of inspired oxygen ratio <300 mm Hg, respira-
tory frequency >30 breaths/min, lung infiltrates >50% on
imaging, acute respiratory distress syndrome (ARDS), sep-
tic shock, multiorgan dysfunction, and/or systemic disease.2

The risk of developing severe COVID-19 is greater in those
with a history of cardiovascular disease (CVD).3−7 This has
motivated interest in tools that can help stratify COVID-19
risk. The 10-year Pooled Cohort Equation (PCE) athero-
sclerotic CVD (ASCVD) risk score was developed from 4
major US prospective studies with wide ethnic diversity
and is recommended to guide the use of preventive
therapies.8,9 Although hypertension, dyslipidemia, diabetes
mellitus, and tobacco use have been shown to predict severe
COVID-19, the PCE has not been adequately studied in
relation to severe COVID-19.3 We examined in a large reg-
istry of patients with COVID-19 the association of the PCE
score with severe COVID-19, including by gender and
race/ethnicity, to help identify those at highest risk of
severe COVID-19.
Methods

The National COVID Cohort Collaborative (N3C) from
the NIH is a multicenter national data resource that includes
deidentified subject data from 23,576 medical centers
across the United States (at the time of data analysis).10 The
data were collected and transferred under a Johns Hopkins
University Reliance Protocol (IRB00249128) or through

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2022.08.011&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:ndwong@hs.uci.edu
www.ajconline.org
http://creativecommons.org/licenses/by/4.0/
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individual agreements between the NIH and each site. The
NIH N3C database includes subjects with any encounter
(>95% outpatient) with a healthcare professional after Jan-
uary 1, 2020, including any previous patient visits at the
same medical center on or after January 1, 2018; unique
deidentified patient identifiers are used to link to available
medical history. The database includes 1,475,656 subjects
with positive and 6,097,052 with negative SARS-CoV-2
test results, for a total sample cohort of 7,571,708 subjects
at the time of analysis. A COVID-19 outcome was defined
through diagnosis code U07.1. Our study utilized de-identi-
fied data exempt from Institutional Review Board approval
at University of California, Irvine.

We conducted a retrospective cohort study of adults
aged 40 to 79 years across 5,602 N3C sites whose data
included all necessary variables to calculate the 10-year
ASCVD risk with the PCE using the ASCVD Risk Estima-
tor Plus.11 From the 7,571,708 total subjects whose deiden-
tified data were released for analysis, we obtained an
analytical sample of 28,646 subjects without previous CVD
who had positive SARS-CoV-2 test results from April 1,
2020 to April 1, 2021, and who had all valid and complete
data needed to calculate the 10-year ASCVD risk with the
PCE. Figure 1 details the specifics on deriving the analyti-
cal sample.

Our primary outcome of interest was the association of
severe COVID-19 outcome with 10-year ASCVD risk score.
The variables included in the PCE include age, gender, race/
ethnicity (black and white/other), total cholesterol, high-den-
sity lipoprotein cholesterol, systolic blood pressure, treat-
ment for hypertension, history of diabetes, and smoking
within the preceding year. When multiple values were pres-
ent for total cholesterol, high-density lipoprotein cholesterol,
or systolic blood pressure, the median of all values was
Figure 1. Analytical N3C COVID-19 patient cohort construction methodology. B

lesterol.
determined and used. After the scores were calculated, sub-
jects were stratified into 4 risk groups: low (<5%), border-
line (5% to <7.5%), intermediate (7.5% to <20%) and high
(>=20%), per the American College of Cardiology guide-
lines.11 We defined a severe COVID-19 outcome as obser-
vation of any of the following end points, which have been
well-documented to correspond to severe COVID-19 illness,
during the follow-up period: remdesivir administration,
extracorporeal membrane oxygenation, mechanical ventila-
tion, COVID-19 pneumonia, ARDS, and death.12 Palliative
and hospice care were also included. Although we did not
have access to the specific reasons that physicians prescribed
remdesivir, the drug is typically prescribed for severe
COVID-19. A composite variable—severe COVID-19—was
defined and served as a primary end point.

The data analysis platform provided by the N3C Enclave
was used to perform most of the data analysis. In particular,
the Code Workbook and Analysis tools were utilized.
Python version 3.6 and the Python data analysis libraries
PySpark, Pandas, NumPy, Seaborn, and StatsModels were
used to clean and organize the data and run logistic regres-
sion models.

We first examined the demographic and risk-factor
means or prevalences by risk group. We examined the prev-
alence of severe COVID-19 outcomes by risk group overall
and by gender and race/ethnicity. Finally, we conducted
unadjusted and adjusted (for age, gender, and race/ethnic-
ity) logistic regression models to estimate the odds ratios of
severe COVID-19 infection associated with ASCVD risk
score measured continuously (per 10%) and according to
low- (reference), borderline-, intermediate-, and high-risk
categories. Additional adjusted and unadjusted analyses
were conducted by gender and race/ethnicity (black or non-
black).
P = blood pressure; HDL-C = high-density lipoprotein-C; TC = total cho-
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Results

Among our 28,646 included subjects with positive
SARS-CoV-2 test results, age averaged 59 years, 14% of
participants were black, and 57% were female (Table 1).
Key demographic and risk factors such as age, race, and
gender did not differ significantly between included and
excluded subjects. A total of 8,602 participants (30%) were
in the low- risk (<5%) group, 3,304 (12%) were in the bor-
derline-risk (5% to <7.5%) group, 9,760 (34%) were in the
intermediate-risk (7.5% to <20%) group, and 6,980 (24%)
were in the high-risk (>=20%) group. Those in the 10-year
ASCVD high-risk (>=20%) group were more likely to be
male, be black, have diabetes, have hypertension, and/or
have a history of smoking. Subjects with higher 10-year
ASCVD risk scores were more likely to experience death,
COVID-19 pneumonia, ARDS, remdesivir administration,
and mechanical ventilation. In the overall sample, there
were 3,492 cases of composite severe COVID-19 outcomes,
with 307 all-cause deaths observed. The overall prevalence
of composite severe COVID-19 illness for the total cohort
was 8.1% (Table 1). Prevalence of composite severe
COVID-19 illness in low-, borderline-, intermediate-, and
high-risk groups was 4%, 6%, 9%, and 13%, respectively
(Figure 2).

From logistic regression examining the odds of compos-
ite severe COVID-19 stratified by 10-year ASCVD risk
group (with low-risk [<5%] group as the reference), we
showed odds ratios of 1.7 (95% confidence interval [CI] 1.4
to 2.0) for borderline-risk group, 2.4 (95% CI 2.1 to 2.8) for
intermediate-risk group, and 3.9 (95% CI 3.5 to 4.5) for
high-risk group (p <0.0001 for all results) (Table 2). These
associations were also significant (p <0.0001) for the indi-
vidual severe COVID-19 outcomes across 10-year ASCVD
higher-risk groups compared with the low-risk group.
When adjusted for age, race/ethnicity, and gender, the odds
Table 1

Baseline characteristics of N3C COVID positive patients stratified by 10-year ASC

Variable Total cohort

(N = 28646) (100%)

Low risk

(N = 8602) (30%)

Mean age (yrs) 59.4 (§10.3) 49.8 (§6.5)

Women 16243 (56.7%) 6774 (78.8%)

Black 4005 (14.0%) 824 (9.6%)

Diabetes Mellitus 7275 (25.4%) 718 (8.4%)

Hypertension Treatment 11577 (40.4%) 1582 (18.4%)

Smoker 13425 (46.9%) 2641 (30.7%)

Mean HDL-C (mg/dL) 52.6 (§15.3) 57.3 (§15.5)

Mean TC (mg/dL) 190.0 (§36.2) 193.4 (§33.8)

Mean SBP (mmHg) 128.8 (§14.1) 122.7 (§12.5)

Severe COVID Outcomes

Death 307 (1.1%) 25 (0.29%)

Remdesivir Administration 661 (2.3%) 58 (0.67%)

COVID Pneumonia 1726 (6.0%) 268 (3.1%)

ARDS 453 (1.6%) 62 (0.53%)

Mechanical Ventilation 345 (1.2%) 46 (0.52%)

Composite severe COVID 2312 (8.1%) 325 (3.8%)

N (percentage) are reported for categorical variables. N (SD) is reported for co

tronic health record. Hypertension was defined as taking hypertension medication

* p-values for all variables across risk groups were <.0001.
ARDS = acute respiratory distress syndrome; ASCVD = atherosclerotic c

SBP = systolic blood pressure; TC = total cholesterol.
of our composite COVID-19 outcome by risk group (with
low-risk [<5%] group as the reference) were 1.8 (95% CI
1.5 to 2.2) for borderline-risk (5% to <7.5%) group, 2.7
(95% CI 2.3 to 3.2) for intermediate-risk (7.5% to <20%)
group, and 4.6 (95% CI 3.7 to 5.6) for high-risk (>=20%)
group (Table 2). The continuous adjusted (by age, race/
ethicity, and gender) logistic regression, displayed in
Figure 3, showed that every 10% increment in 10-year
ASCVD risk score was associated with a 34% increase in
odds of both composite and individual outcomes which
included death, remdesivir administration, COVID-19
pneumonia, ARDS, and mechanical ventilation. The com-
ponents of the ASCVD risk score that were most strongly
associated with the odds of composite severe COVID-19 in
the overall study sample were (in order of importance)
hypertension, age, diabetes, smoking status, and race
(Table 3).

Prevalence of composite severe COVID-19 was higher
in black women than in equivalent-risk nonblack women
across all ASCVD risk groups. A similar trend was seen
when comparing black men with nonblack men within the
same ASCVD risk group; however, the prevalence of com-
posite severe COVID-19 was lower in low-risk black men
than in low-risk nonblack men (Figure 2). The prevalence
of severe COVID-19 in intermediate-risk black was similar
to that of high-risk nonblack men.

Moreover, in adjusted analyses, every 10% increment in
10-year ASCVD risk score was associated with signifi-
cantly higher odds of composite severe COVID-19 illness
among men and women and among black and nonblack per-
sons; women and black persons demonstrated greater odds
(40% and 30%, respectively) (Table 4). There was also an
increased adjusted odds of composite severe COVID-19
with increasing ASCVD risk group among women and men
and in black and nonblack persons. Within the same risk
VD risk group*

Borderline risk

(N = 3304) (12%)

Intermediate risk

(N = 9760) (34%)

High risk

(N = 6980) (24%)

55.8 (§7.2) 61.6 (§7.6) 69.6 (§7.2)

1921 (58.1%) 4675 (47.9%) 2873 (41.2%)

392 (11.9%) 1432 (14.7%) 1357 (19.4%)

517 (15.7%) 2267 (23.2%) 3773 (54.1%)

1003 (30.4%) 4338 (44.5%) 4654 (66.7%)

1468 (44.4%) 5098 (52.5%) 4218 (52.2%)

52.7 (§14.9) 50.9 (§14.6) 49.0 (§14.9)

196.3 (§36.0) 190.7 (§37.0) 182 (§36.7)

126.5 (§12.3) 129.9 (§13.1) 136.2 (§14.2)

22 (0.67%) 95 (0.97%) 165 (2.4%)

57 (1.7%) 235 (2.4%) 311 (4.5%)

160 (4.8%) 642 (6.6%) 656 (9.4%)

46 (1.0%) 155 (1.3%) 190 (2.1%)

33 (6.1%) 123 (8.7%) 143 (13.4%)

203 (6.1%) 847 (8.7%) 937 (13.4%)

ntinuous variables. Diabetes was defined as having a diagnosis on the elec-

.

ardiovascular disease; HDL-C = high density lipoprotein cholesterol;

www.ajconline.org


Figure 2. Prevalence of composite severe COVID-19 outcomes stratified by ASCVD risk group, race/ethnicity and gender. p<0.001 across risk groups within
each stratum.
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group, women demonstrated greater odds of composite
severe COVID-19 than did men, and black persons demon-
strated greater odds than did nonblack persons.
Discussion

We show that higher estimated 10-year ASCVD risk,
measured continuously and by risk group, is significantly
associated with a greater likelihood of severe COVID-19
(death, remdesivir administration, COVID-19 pneumonia,
Table 2

Unadjusted and *adjusted categorical logistic regressions for association of severe

Odds ratio (95% CI) of severe COVID outcomes for ASCVD

risk tiers compared to low risk (<5%)

Composite severe COVID-19 Unadjusted

Adjusted

Death Unadjusted

Adjusted

COVID pneumonia Unadjusted

Adjusted

ARDS Unadjusted

Adjusted

Mechanical ventilation Unadjusted

Adjusted

Remdesivir administration Unadjusted

Adjusted

*Adjusted for age, sex, and race/ethnicity. Composite severe COVID includes a

due to low sample size.

ARDS = acute respiratory distress syndrome; ASCVD = atherosclerotic cardiov
ARDS, and mechanical ventilation), both individually and
as a composite. Black persons in the highest ASCVD risk
category had higher prevalences of severe COVID-19 than
did their nonblack counterparts.

Our study is the first major investigation to examine
ASCVD estimated risk using the well-validated and rec-
ommended PCE in relation to composite severe COVID-
19 outcomes. Other investigators have shown that indi-
vidual measures of smoking history, diabetes, and hyper-
tension are negatively associated with severe COVID-19
COVID indicators with 10-year ASCVD risk groups

Low risk

(<5%)

Borderline

risk (5-7.5%)

Intermediate

risk (7.5% to <20%)

High risk

(>=20%)

1.0 1.7 (1.4-2.0) 2.4 (2.1-2.8) 3.9 (3.5-4.5)

1.0 1.8 (1.5-2.2) 2.7 (2.3-3.2) 4.6(3.7-5.6)

1.0 2.3 (1.3-4.1) 3.4 (2.2-5.2) 8.3 (5.4-12.7)

1.0 1.7 (0.90-3.3) 1.9 (1.0-3.3) 3.3 (1.73-6.2)

1.0 1.6 (1.3-1.9) 2.2 (1.9-2.5) 3.2 (2.8-5.1)

1.0 1.6 (1.4-2.2) 2.7 (2.2-3.3) 4.5 (3.52-5.6)

1.0 1.9 (1.3-2.9) 2.2 (1.7-3.0) 3.8 (2.9-5.1)

1.0 1.8 (1.2-2.7) 2.1 (1.4-3.0) 3.7 (2.4-5.7)

1.0 1.9 (1.2-29) 2.4 (1.7-3.3) 3.9 (2.8-5.4)

1.0 1.9 (1.2-2.7) 2.3 (1.5-3.3) 3.7 (2.3-6.0)

1.0 2.6 (1.8-3.7) 3.6 (2.7-4.9) 6.9 (5.2-9.1)

1.0 2.8 (1.9-4.1) 4.3 (3.1-6.0) 9.2 (6.3-13.2)

ny of the negative outcomes. ECMO and hospice not included as indicators

ascular disease; CI = confidence interval; OR = odds ratio.



Figure 3. Age, race/ethnicity, and gender-adjusted odds of severe COVID-19 outcomes per 10% greater 10-year ASCVD risk score.
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outcomes.3 Studies have also examined the Framingham
Risk Score in relation to severe COVID-19 outcomes
and infection in less-generalizable samples.8−10 The
PCE is recommended for ASCVD risk assessment, and
our study illustrates its potential to stratify risk of severe
COVID-19.

Hypertension, age, diabetes, race, and smoking status are
the largest contributors to our model’s predictive ability.
This may be related to the fact that inflammation, which is
common in most of these comorbidities, may predispose a
subject to an exaggerated, dysregulated, and potentially del-
eterious immune response.13,14 Thus, these indicators and
their underlying conditions could be targets for treatment to
reduce the risk of severe COVID-19 outcomes. It is not sur-
prising that age is one of the strongest predictors, as age is
the predominant variable in ASCVD risk calculation and is
among the strongest predictors of death from severe
COVID-19 disease.15

In adddition, our analysis highlights specific race and
gender groups most at risk— most notably, black men and
black women. Others have highlighted the increased preva-
lence of CVD in black communities, indicating contributing
factors such as obesity, unstable housing status, lack of
health insurance, poor diet and exercise, and even residen-
tial zip code, which can predispose to adverse health out-
comes.16−20 These disparities in social determinants of
health are strongly associated with greater CVD prevalence
within the black population, which explains the persistence
of black persons in the intermediate- and high-risk groups
(15% and 19%, respectively) (Table 1). Although the PCE
includes black or white/other race/ethnicity, it does not
account for social determinants of health. This helps to
explain why, across all risk groups, black women experi-
enced an increased prevalence of severe COVID-19 com-
pared with nonblack women in the same ASCVD risk
group. Black men experienced a higher prevalence of
severe COVID-19 compared with nonblack men in the
same ASCVD risk group across all risk stratifications
except low-risk. Overall prevalence of severe COVID-19 in
intermediate-risk black men was similar to that in high-risk
nonblack men. This study demonstrates the increased
importance of prevention, education, and awareness
in these and other groups with disparities in severe
COVID-19.

Other machine-learning prediction models have been
effectively able to predict risk of intensive care unit admis-
sion and death because of COVID-19, but had smaller sam-
ple sizes and highly specific patient populations; some were
limited to a single health system and a only few months of
data collection.21−24 Other models calculating risk of death
or intensive care unit admission did not explore variables
such as rescue treatment (remdesivir), mechanical ventila-
tion, ARDS, and pneumonia.25 In comparison, our study
utilized a large range of more than 5,000 clinical sites
across the country and included patients with up to 2 years
of relevant medical history. This enabled us to examine the
PCE in relation to a large study population representative
of US adults seeking healthcare for COVID-19 and to

www.ajconline.org


Table 3

Odds ratios for the association of risk factors with severe COVID infection overall and within demographic groups

Risk factor Overall

N = 28,646

Black women

N = 2,527

Nonblack women

N = 13,716

BlackMen

N = 1,478

Nonblack men

N = 10,925

Wald Chi- square

(overall)

Age

OR (95% CI)

1.3

(1.3-1.5)

1.5

(1.3-1.7)

1.5

(1.4-1.6)

1.3

(1.1-1.5)

1.3

(1.2-1.4)

158.8

Sex 1.3

(1.1-1.4)

- - - - 1.6

Race/ethnicity 1.6

(1.4-1.8)

- - - - 33.6

Systolic BP 1.0

(0.97-1.1)

0.97

(0.50-.91)

1.1

(1.0-1.2)

0.90

(0.78-1.0)

0.89

(0.83-0.96)

49.0

Hypertension treatment 3.2

(2.8-3.5)

2.6

(1.9-3.6)

3.9

(3.4-4.6)

2.4

(1.7-3.5)

2.5

(2.2-2.9)

231.04

TC 0.79

(0.75-0.85)

0.81

(0.70-0.93)

0.79

(0.73-0.85)

0.80

(0.67-0.96)

0.90

(0.77-0.90)

0.1

HDL-C 0.70

(0.66-0.73)

0.70

(0.61-0.82)

0.70

(0.64-0.75)

0.73

(0.60-0.89)

0.69

(0.63-0.76)

146.4

Diabetes 2.0

(1.9-1.3)

1.8

(1.4-2.4)

2.3

(1.9-2.7)

1.7

(1.2-2.3)

1.8

(1.5-2.1)

68.0

History of smoking 1.6

(1.5-1.8)

1.4

(1.1-1.9)

1.7

(1.4-1.9)

1.15

(0.84 -1.6)

1.6

(1.4-1.8)

47.6

Composite severe COVID includes any of the negative outcomes. ECMO and hospice not included as indicators due to low sample size. For all numeric

factors except for age (TC, HDL-C, and SBP) the unit of change in the logistic regression model was a single standard deviation from the mean. For age, the

unit of change was a 10 year timespan. For categorical factors (diabetes, smoking status, and treatment for hypertension), the reference group was the lowest

risk category.

ARDS = acute respiratory distress syndrome; ASCVD = atherosclerotic cardiovascular disease; BP = blood pressure; CI = confidence interval; HDL-

C = high density lipoprotein cholesterol; OR = odds ratio; TC = total cholesterol.
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explore a variety of potential negative outcomes seen in
severe cases of COVID-19, thus expanding its potential
applicability.

Beyond efficacy, the most important characteristics of
a prediction model are accessibility and applicability.
Previous studies have developed prediction models using
various laboratory markers such as lactate dehydroge-
nase—a cellular respiration enzyme that is present in
nearly all body tissues and that when elevated may
Table 4

Adjusted continuous and categorical logistic regressions for association of com

gender and race/ethnicity*

Women

N = 16,243 N

ASCVD risk score per 10%

1.4

(1.4-1.5)

Low risk (<5%) (reference group)

1.0

Borderline risk

(5-<7.5%) 1.7

(1.4-2.2)

Intermediate risk (7.5-<20%)

2.6

(2.2-3.1)

High risk

(≥20%) 4.6

(4.3-5.4)

P values all <0.0001. Shown are odds ratios (95% confidence intervals).

* Adjusted for age, sex, and race/ethnicity. Composite severe COVID includes a

ASCVD = atherosclerotic cardiovascular disease; CI = confidence interval; OR
indicate tissue damage or disease—to predict mortality
risk from COVID-19.20,26,27 Although these models are
accurate, they are not readily applicable for screening
and prevention in the general population. They are more
applicable to hospitalized patients for the purpose of pri-
oritizing resource utilization to minimize morbidity and
mortality. There has also been an increase in the number
of prognostic models that use computed tomography
(CT).21,28 These models have their own limitations, as
posite severe COVID-19 with 10-year ASCVD risk groups examined by

Men

= 12,403

Black people

N = 4,005

Non-black people

N = 24,641

1.3

(1.3-1.4)

1.3

(1.1-1.4)

1.4

(1.3-1.4)

1.0 1.0 1.0

1.6

(1.2-2.4)

2.3

(1.3-3.7)

1.6

(1.3-2.0)

2.4

(1.7-3.1)

2.9

(1.9-4.3)

2.5

(2.1-2.9)

3.7

(2.8-4.9)

4.5

(3.0-6.6)
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CT imaging is not acquired on every patient with posi-
tive SARS-CoV-2 reverse-transcription polymerase chain
reaction test results.29 CT scans are indicated only when
there is suspected lung pathology and imaging would
significantly alter the clinical decision making. Further-
more, unnecessary radiation exposure and fiscal cost
would result from using CT scans much more frequently
for purposes of risk stratification.30 The 10-year ASCVD
risk score requires no laboratory or imaging workup,
can be used in most patients with COVID-19 and with-
out previous CVD, and can be calculated readily by
both clinicians and patients themselves in outpatient set-
tings. This can help clinicians advise and educate
patients on their potential risks for severe COVID-19
outcomes in a more personalized and specific manner.
Although its application may be limited in more acute
settings, the PCE can be a valuable tool in the outpatient
and primary care setting for educating patients not only
about their risks of ASCVD but about how these may
relate to their risks of severe COVID-19.

Our present study does have a few limitations. Most
importantly, the N3C database includes only subjects
who had visits to a medical center. Moreover, we
could not verify that indicators of severe illness were
specific to severe COVID-19 disease. For example, it
is possible that patients died for reasons unrelated to
severe COVID-19 disease, but we did not have the
data to determine whether this was the case. Impor-
tantly, with our limited follow-up time, some severe
outcomes may have occurred after follow-up; however,
this would have likely resulted in even greater statisti-
cal power to detect associations than we had in our
study. Additionally, the dataset included limited infor-
mation on insurance status, socioeconomic status, max-
imum education levels attained, and other potentially
important social determinants of health that would
have been of interest to include in our study. Finally,
we did not have sufficiently large numbers of subjects
from race/ethnic groups other than black and white to
further stratify our analyses.

In conclusion, we show that ASCVD higher risk groups
display higher prevalences and odds of severe COVID-19
outcomes, with greater disparities in outcomes noted among
black persons at the highest estimated ASCVD risk.
Although further research is needed, the 10-year ASCVD
risk score in adults 40 to 79 years old may be used to iden-
tify those at highest risk for COVID-19 complications and
for whom more intensive treatment may be warranted.
Future studies may also analyze how robust the association
between 10-year ASCVD risk score and COVID-19 prog-
nosis remains with new variants.
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