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1 | INTRODUCTION

Information on risk of severe coronavirus disease 2019 (COVID-19) is
important to identify whom might benefit most from COVID-19 pre-
vention including vaccination and assertive treatment. Previous stud-
ies reported that older age®? and comorbidities including asthma,
chronic obstructive pulmonary disease (COPD), diabetes, and heart
and renal disease are associated with severe COVID-19.2"7 However,
association between some neurological condition such as Parkinson’s
disease, demyelinating disorders, and epilepsy have not been exam-
ined extensively. Furthermore, non-White racial and ethnic persons
are reportedly disproportionally affected by COVID-19.58-12 Previous
studies on risk factors were conducted when vaccines were not
widely available. This study expands on knowledge from earlier stud-
ies by using population-based information from Kaiser Permanente in

Bruce Fireman! |

Kristin Goddard® |

Eduardo Azziz-Baumgartner® |

Among approximately 4.6 million members of Kaiser Permanente Northern Califor-
nia, we examined associations of severe COVID-19 with demographic factors and
comorbidities. As of July 23, 2021, 16 182 had been hospitalized, 2416 admitted to
an ICU, and 1525 died due to COVID-19. Age was strongly associated with hospitali-
zation, ICU admission, and death. Black persons and Hispanic ethnicity had higher
risk of death compared with Whites. Among the comorbidities examined, Alzheimer’s
disease was associated with the highest risk for hospitalization (aHR 3.19, Cl: 2.88-
3.52) and death (@aHR 4.04, Cl: 3.32-4.91). Parkinson’s disease had the second
highest risk of death (aHR = 2.07, Cl: 1.50-2.87).

comorbidities, COVID-19, race/ethnicity, risk factors, severe disease

Northern California (KPNC) where comprehensive databases permit
assessment of risks of testing positive for SARS-CoV-2, COVID-19
hospitalization, admission to an intensive care unit (ICU), and death in
relation to demographic factors and comorbidities and assess whether

risk factors changed in the presence of COVID-19 vaccines.

2 | MATERIALS AND METHODS

21 | Setting and population

This study was conducted at KPNC, an integrated healthcare system
with a stable population of approximately 4.6 million members who
receive nearly all their healthcare at KPNC facilities. Clinical databases
include comprehensive information updated daily on diagnoses in the
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outpatient, emergency department, and inpatient settings and on pre-

scriptions and laboratory tests.

2.2 | Study design

Using KPNC clinical databases, we conducted near-real-time surveil-
lance of the pandemic, monitoring testing, hospitalization, ICU admis-
sion, and death. We report here on association between severe
COVID-19 and risk factors included in our weekly surveillance from
January 1, 2020, through July 23, 2021.

2.3 | Demographic factors and comorbidities

Demographic factors examined in relation to COVID-19 include age,
sex, self-reported race/ethnicity, and type of insurance (subsidized [i.-
e., government subsidized other than Medicare] or non-subsidized).
The comorbidities examined include body mass index (BMI), diabetes,
essential hypertension, renal disease, asthma, ischemic heart disease,
COPD,

disease, Parkinson’s disease, extrapyramidal and movement disorders,

pneumonia, cerebral infarction, Alzheimer’s
demyelinating disorders, and epilepsy. Comorbidities were included
only if diagnosed at least once before the pandemic, from October
2015 through January 2020. Comorbidities were classified by Interna-
tional Classification of Diseases, Tenth Revision codes. Many but not
all of these comorbidities were associated with COVID-19 in earlier

reports.

24 | COVID-19-related outcomes

We examined three indicators of severity (hospitalization, ICU admis-
sion, and mortality) stratified by the presence or absence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
confirmed by polymerase chain reaction (PCR).

2.5 | Statistical analysis
We described testing positive, COVID-19 hospitalizations, ICU admis-
sions, and mortality by sex, age-group, race/ethnicity, and com-
orbidities. We used Cox regression to assess associations between
testing positive, severe COVID-19 outcomes with demographic fac-
tors and comorbidities. To further assess association of severe COVID
with demographic and comorbidities, we also conducted additional
analyses restricted to people who tested positive and to those who
were hospitalized only. We used Cox models conditioned on a calen-
dar timeline and 14 geographic service areas.

To assess whether risk factors associated with severe COVID-19
evolved during the course of the pandemic, we conducted supple-
mental analyses by dividing the study into three time periods: The first

period included data from January 1, 2020, through October

30, 2020, when no vaccines were available; the second was from
November 1, 2020, through February 28, 2021, when limited vaccine
doses were available and during the biggest surge of SARS-CoV-2
infection; and the third was from March 1, 2021, through July
23, 2021, when vaccines were widely available. After COVID-19 vac-
cines became available, these supplemental analyses censored people
when they received the vaccine.

KPNC Institutional Review Board approved and determined this
project to be exempt from human subject review under the Federal

Regulations.

3 | RESULTS

The study included approximately 4.6 million KPNC members, all ages.
As of July 23, 2021, 219 001 tested positive for SARS-CoV-2, 16 182
had been hospitalized due to COVID-19, 2416 admitted to an ICU,
and 1525 died. The incidence of testing positive for SARS-CoV-2,
hospitalization, admission to an ICU, and death varied during the
study period, with the highest rate of each occurring during December
2020 to January 2021 (~400/100000 person-weeks for testing posi-
tive, 22/100000 person-weeks for hospitalization, 3.5/100000
person-weeks for ICU admission, and 3.5/100000 person-weeks for
death; Figure S1). The incidence of testing positive for SARS-CoV-2
was highest among people ages 20-29 years (89.7/100000 person-
weeks) and among Hispanics (121.8/100000 person-weeks). Age and
race/ethnicity were strongly associated with severe COVID-19. Hos-
pitalizations per 100 000 person-weeks increased markedly with age
from 0.3 at ages 0-9 to 25.7 at ages 290 (Table 1).

Black persons represented 6.5% of KPNC members but 10.2% of
COVID-19 hospitalizations, 10.4% of ICU admissions, and 10%
of deaths. Hispanic persons represented 22.3% of the KPNC mem-
bers, but 37.5% of hospitalizations, 41.3% of ICU admissions, and
34.2% of deaths (Table 1).

The adjusted hazard ratios (aHR) for severe COVID-19 increased
markedly with increasing age (Table 2). Compared with ages 40-
49 years, risk of death due to COVID-19 was more than twice as high
at ages 50-59 (aHR = 2.76, 95% confidence interval [Cl]: 2.09-3.65)
and more than 32 times higher at ages 290 (aHR = 32.54, Cl: 23.68-
44.71).

Non-White racial and ethnic groups had markedly increased risk
of severe COVID-19 compared with White person. Adjusted for com-
orbidities and other demographic factors, HR estimates were 1.89,
2.24, and 1.75 for the association of Black race with hospitalization,
ICU, and death, respectively. The HR estimates were 2.70, 3.80, and
2.62 for the association of Hispanic ethnicity with hospitalization,
ICU, and death, respectively (Table 2).

Alzheimer’s disease was the comorbidity most strongly associated
with testing positive for SARS-CoV-2 (aHR = 2.11, CI: 1.94-2.29),
hospitalization (aHR = 3.19, Cl: 2.88-3.52), and death (aHR = 4.04,
Cl: 3.32-4.91) (Table 2). Obesity was strongly associated with hospi-
talization (aHR = 2.27, Cl:2.15-2.40), ICU admission (aHR = 3.11, CI:
2.66-3.53), and death (aHR =1.82, Cl: 1.56-2.12) as well as
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TABLE 2 Factors associated with testing positive for SARS-CoV-2, COVID-19 hospitalization, admission to an intensive care unit, and death,
Kaiser Permanente Northern California, January 1, 2020, to July 23, 2021 (N ~ 4.6 million)

Positive test Hospitalization Admitted to ICU Deaths

Hazard ratio (95% Cl) Hazard ratio (95% Cl) Hazard ratio (95% Cl) Hazard ratio (95% Cl)
Sex
Female Reference Reference Reference Reference
Male 0.97 (0.96-0.98) 1.23(1.19-1.27) 1.77 (1.63-1.92) 1.75(1.57-1.94)

Age category in year
0-9
10-19
20-29
30-39
40-49
50-59
60-64
65-69

70-74
75-79
80-84
85-89
90+

Race/ethnicity

White

Black

Asian

Hawaiian/Pacific Islander

Native American or Alaska Native

Multiracial

Hispanic

Unknown

Comorbidities?

Body mass index®
Underweight
Normal
Overweight
Obese
Unknown

Diabetes

Essential hypertension

Renal disease

Asthma

Ischemic heart disease

COPD

Pneumonia (history)

Cerebral infarction

Alzheimer’s disease

Parkinson’s disease

Extrapyramidal and movement disorders

0.59 (0.58-0.60)
0.81 (0.80-0.82)
1.18 (1.17-1.20)
1.08 (1.07-1.10)
reference

0.86 (0.85-0.88)
0.67 (0.66-0.69)
0.50 (0.49-0.51)
0.42 (0.41-0.43)
0.39 (0.38-0.48)
0.40 (0.38-0.42)
0.43 (0.41-0.46)
0.48 (0.44-0.52)

Reference

1.37 (1.35-1.40)
1.02(1.00-1.03)
1.76 (1.69-1.83)
1.27 (1.19-1.35)
1.13 (1.09-1.18)
2.36(2.33-2.38)
1.11 (1.09-1.13)

0.87 (0.84-0.91)
Reference

1.27 (1.25-1.28)
1.50 (1.48-1.52)
1.00 (0.98-1.01)
1.26 (1.24-1.28)
1.02 (1.0-1.04)
1.05 (1.02-1.07)
1.05 (1.04-1.07)
1.11 (1.08-1.14)
1.08 (1.03-1.12)
1.19 (1.16-1.22)
1.13 (1.07-1.20)
2.11 (1.94-2.29)
1.24 (1.11-1.39)
1.02 (0.97-1.06)

0.07 (0.06-0.09)
0.12 (0.10-0.14)
0.54 (0.50-0.58)
0.75 (0.70-0.80)
Reference

1.32 (1.25-1.40)
1.44 (1.35-1.53)
1.37 (1.28-1.47)
1.50 (1.39-1.61)
1.79 (1.65-1.93)
2.04 (1.87-2.22)
2.77 (2.52-3.04)
3.40 (3.05-3.80)

Reference

1.89 (1.78-2.00)
1.54 (1.47-1.62)
2.83(2.49-3.21)
1.39 (1.10-1.76)
1.32(1.14-1.52)
2.70(2.60-2.81)
0.46 (0.40-0.53)

1.45 (1.24-1.70)
Reference

1.31(1.24-1.39)
2.27 (2.15-2.40)
1.27 (1.19-1.35)
1.76 (1.69-1.83)
1.23 (1.18-1.28)
1.44 (1.38-1.51)
1.14 (1.09-1.18)
1.17 (1.10-1.23)
1.37 (1.28-1.46)
1.68 (1.60-1.77)
1.48 (1.35-1.63)
3.19 (2.88-3.52)
1.80 (1.55-2.10)
1.25(1.14-1.38)

0.17 (0.12-0.25)
0.16 (0.11-0.23)
0.31(0.24-0.41)
0.55 (0.45-0.67)
Reference

1.56 (1.35-1.80)
1.78 (1.51-2.09)
1.87 (1.57-2.21)
1.83 (1.53-2.20)
2.21(1.82-2.68)
2.18(1.75-2.73)
1.75 (1.30-2.35)
2.33 (1.63-3.32)

Reference

2.24 (1.92-2.61)
2.35(2.06-2.67)
3.75(2.73-5.14)
0.65(0.24-1.73)
1.57 (1.07-2.29)
3.80(3.42-4.23)
0.66 (0.47-0.94)

1.47 (0.89-2.41)
Reference

1.55(1.32-1.82)
3.11 (2.66-3.63)
1.92 (1.60-2.31)
2.01(1.82-2.21)
1.41(1.27-1.57)
1.64 (1.47-1.84)
1.16 (1.04-1.29)
1.09 (0.95-1.25)
1.22 (1.02-1.45)
1.90 (1.67-2.16)
1.68 (1.35-2.08)
1.65 (1.13-2.42)
1.55(1.01-2.38)
1.20 (0.94-1.54)

0.02 (0.00-0.14)
0.08 (0.03-0.21)
0.28 (0.16-0.47)
Reference
2.76 (2.09-3.65)
4.05 (3.02-5.44)
4.98 (3.71-6.68)
6.11 (4.55-8.21)
8.80 (6.53-11.85)
10.25 (7.53-13.96)

16.83 (12.30-23.01)
32.54 (23.68-44.71)

Reference
1.75 (1.45-2.11)
1.39 (1.18-1.65)
1.44(0.81-2.56)
1.57 (0.75-3.31)
1.62 (1.12-2.35)
2.62(2.31-2.97)
0.34(0.17-0.68)

1.37 (0.92-2.04)
Reference
1.01 (0.86-1.18)
1.82(1.56-2.12)
1.26 (1.00-1.58)
1.66 (1.48-1.86)
1.51(1.31-1.74)
1.60 (1.42-1.81)
1.08 (0.94-1.23)
1.20 (1.05-1.37)
1.21 (1.02-1.43)
1.88 (1.63-2.16)
1.59 (1.29-1.97)
4.04 (3.32-4.91)
2.07 (1.50-2.87)
1.25(0.98-1.59)

(Continues)
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TABLE 2 (Continued)

Positive test
Hazard ratio (95% Cl)

0.90 (0.80-1.00)
0.95 (0.91-1.00)

Demyelinating disorders
Epilepsy
Type of insurance

Subsidized insurance® 1.14 (1.13-1.16)

Hospitalization
Hazard ratio (95% Cl)

1.75 (1.37-2.22)
1.69 (1.51-1.88)

1.52 (1.45-1.60)

Admitted to ICU
Hazard ratio (95% Cl)

1.69 (0.88-3.26)
1.77 (1.35-2.33)

Deaths
Hazard ratio (95% Cl)

2.03 (0.97-4.28)
1.81(1.35-2.42)

1.76 (1.55-2.00) 1.52(1.25-1.84)

Note: Bold indicates that findings are statistically significant and that 95% Cl does not include the null value.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICU = intensive care unit.

?Based on ICD-10 codes recorded in medical record

5BMI categories: underweight = BMI < 18.5; normal weight = BMI between 18.5 and 24.9; overweight = BMI between 25 and 29.9; obesity = BMI 2 30.
Includes those who cannot afford the regular insurance rates and are not covered by commercial insurance or Medicare.

demyelinating disorders (hospitalization aHR = 1.75, Cl: 1.37-2.22;
death aHR = 2.03, CI: 0.97-4.38). COPD was moderately associated
with hospitalization (@HR =1.37, Cl: 1.28-1.46) and death
(@HR = 1.21, CI: 1.02-1.43). Asthma (aHR1.14, CI: 1.09-1.18), essen-
tial hypertension (aHR = 1.23, Cl 1.18-1.28), and ischemic heart dis-
ease (aHR 1.17, Cl: 1.10-1.23) modestly elevated the hazard of
hospitalization (Table 2).

Supplemental analyses by time period based on vaccine availability
were not substantially different. Black persons and Hispanic ethnicity
remained consistently associated with hospitalization, ICU admission,
and death before and after vaccines were widely available. Before vac-
cines were widely available, aHR were 2.13, 2.70, and 2.43 higher for
hospitalization, ICU admission, and death, respectively, among Black
persons compared with White persons. After wide availability of vac-
cines,aHR were 2.12, 2.33 and 1.73 respectively (Table S1).

Among people who tested positive for SARS-CoV-2, Blacks,
Asian, multiracial, and Hispanic persons were at increased risk of hos-
pitalization, admission to an ICU, and death compared with White per-
sons after adjustment for age and comorbidities (Table S2). Among
hospitalized people who tested positive for SARS-CoV-2, Hispanic
persons were at increased risk of admission to an ICU (aHR = 1.47, Cl
1.30-1.67) and death (aHR = 1.37, Cl 1.18-1.58) compared with
White persons (Table S3).

4 | DISCUSSION

In this large population-based study, increasing age was strongly asso-
ciated with risk of hospitalization, ICU admission, and death. Non-
White racial and ethnic groups were at markedly higher risk of severe
COVID-19. The risk of severe COVID was strongly associated with
some comorbidities but not with others. Even after wide availability
of COVID-19 vaccines, the pattern of associations of severe COVID-
19 with the risk factors was stable over time.

Although our results are consistent with previous studies reporting
associations of age and race/ethnicity with severe COVID-19,*>* our
results pertain to three levels of severity—hospitalization, ICU use, and
death—and were adjusted for age, race/ethnicity, sex, comorbidities,

and service area. Unlike a meta-analysis suggesting that the association

of age with severe COVID-19 is much weaker when adjusted for age-
related comorbidities,*® our findings suggest age and race/ethnicity
were associated with disease severity, even after adjustment for each
other and for comorbidities, socioeconomic status, and geographic ser-
vice area. Our strong findings of increased risk of severe COVID-19
among minority racial and ethnic groups are in contrast with some ear-
lier studies suggesting that among people testing positive for COVID-
19, risk of hospitalization and death were similar among White, His-
panic, and Black patients.**> In our study, risk of hospitalization, ICU
admission, and death were higher among minority racial and ethnic
groups compared with White among people who tested positive. Fur-
thermore, among hospitalized people, risk of ICU admission and death
were higher among Hispanic compared with White persons.

Consistent with a recent study,’?> we found that associations
between severe COVID-19 and comorbidities were strong for some
comorbidities but were not strong for others. Based on the hazard
ratios, we found strong associations of severe COVID-19 with obe-
sity, history of pneumonia, and diabetes and moderate associations
with renal disease and essential hypertension. Severe COVID-19 was
also associated with several neurological conditions including
Alzheimer’s disease, demyelinating disorders, Parkinson’s, and epi-
lepsy. Associations of severe COVID-19 with ischemic heart disease
and asthma based on our measure of association were more modest.

Overall, our findings might have implications for clinical practice
and for public health interventions; they identify persons at high risk of
severe COVID-19 who may most benefit from monitoring, outreach,
and vaccination. Because non-whites are at especially high risk of severe
COVID-19, even after vaccines became widely available, our race/
ethnicity findings support special efforts in non-White communities to
deliver risk communication messages about COVID-19 prevention and
treatment, address vaccine hesitancy, and achieve high coverage espe-
cially in the presence of highly transmissible variants of SARS-CoV-2.

Our study was strengthened by the study population’s size and
racial, ethnic, and socioeconomic diversity. Because comorbidities
were identified prior to infection with SARS-Co-2 using KPNC's longi-
tudinal medical data, we have confidence that identified comorbidities
preceded infection rather than being a consequence of COVID-19.

Our study was limited by our inability to account for members’ occu-

pation, type of residence (e.g., long-term care facility), education, income,
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and gender identity. We may have missed a few KPNC members with
severe COVID-19 who were hospitalized or died outside KPNC. The
study was unable to assess whether risk of severe COVID-19 outcomes
varied by severity of comorbidities. KNPC membership is not representa-
tive of the US population. Although we did not stratify the analysis by
vaccination status in the main analysis, we censored people at the time
of vaccination in the supplemental analysis and found that risk factors
did not change. Finally, we did not assess whether factors associated
with severe COVID-19 were different for vaccinated people.

In summary, our findings identify whom might benefit most from
COVID-19 prevention and treatment. Older age, non-White race, His-
panic ethnicity, and some comorbidities—but not others—were
strongly associated with severe COVID-19.
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