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Purpose: To examine characteristics of coronavirus disease 2019 (COVID-19) decedents in California (CA) 

and evaluate for disproportionate mortality across race/ethnicity and ethnicity/nativity. 

Methods: COVID-19 deaths were identified from death certificates. Age-adjusted mortality rate ratios 

(MRR) were compared across race/ethnicity. Proportionate mortality rates (PMR) were compared across 

race/ethnicity and by ethnicity/nativity. 

Results: We identified 10,200 COVID-19 deaths in CA occurring February 1 through July 31, 2020. The 

most frequently observed characteristics among decedents were age 65 years or above, male, Hispanic, 

foreign-born, and educational attainment of High School or below. MRR indicated elevated COVID-19 

morality rates among Asian/Pacific Islander, Black, and Hispanic groups compared with the White group, 

with Black and Hispanic groups having the highest MRR at 2.75 (95%CI: 2.54–2.97) and 4.18 (95%CI: 3.99–

4.37), respectively. Disparities were larger at younger ages. Similar results were observed with PMR, and 

patterns of age-racial/ethnic disparities remained in analyses stratified by education. Elevated PMR were 

observed in all ethnicity/nativity groups, especially foreign-born Hispanic individuals, relative to U.S.-born 

non-Hispanic individuals. These were generally larger at younger ages and persisted after stratifying by 

education. 

Conclusions: Differential COVID-19 mortality was observed in California across racial/ethnic groups and 

by ethnicity/nativity groups with evidence of greater disparities among younger age groups. Identifying 

COVID-19 disparities is an initial step toward mitigating disease impacts in vulnerable communities. 

© 2021 Elsevier Inc. All rights reserved. 
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There is a growing body of literature on the differential im- 

acts of the coronavirus disease 2019 (COVID-19) in historically 

arginalized groups in the United States (U.S.), including dis- 

ase incidence [1-3] , hospitalization [4-8] , severity [ 5 , 9 , 10 ], and

ortality [ 3-5 , 11-13 ]. Identifying COVID-19 disparities is an initial 

tep toward mitigating disease impacts in vulnerable communi- 

ies. Much of the current evidence, however, has relied on ecologic 

nalyses using aggregate data for both the characteristic under 

tudy (e.g., percentage Black in a county) and COVID-19 outcome 

e.g., county-level mortality) [ 1 , 3 , 11 , 13-15 ]. Studies that have been

onducted with individual-level data are primarily derived from 

ospital/healthcare networks or insurance companies [ 2 , 4 , 6 , 7 , 9 , 16 ],

hich may not be representative of COVID-19 impacts in the gen- 
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ral population given barriers to healthcare access and insurance 

mong historically marginalized groups. Use of death certificate 

ata allows for investigation into individual-level characteristics, 

aptures all individuals in the catchment area, and does not suf- 

er from substantial under-reporting of key characteristics as was 

een for race/ethnicity information for COVID-19 decedents early in 

he pandemic. It is important to note that any disparities observed 

or COVID-19 morality are an accumulation of disproportionate im- 

acts along the entire continuum of COVID-19 disease, beginning 

ith exposure to the virus and culminating in death. The mech- 

nisms and magnitudes of disparities likely differ for each step 

f the disease pathway [17] . Appropriate estimates of disease are 

eeded, not only by single factors, such as racial/ethnic group, but 

lso by intersections with other factors, such as with age, sex, and 

ducational attainment, which considers that groups are not ho- 

ogenous and indeed reflect diverse experiences and impacts of 

he pandemic [18-20] . Intersectional analysis allows for a more nu- 

nced understanding of disparate burden of COVID-19, which is 

rucially needed to design and implement effective public health 

nterventions to mitigate disease impacts. 

The objective of this study was to examine demographic char- 

cteristics of COVID-19 decedents in California (CA)—which as of 

eptember 2020 is among the hardest hit states in terms of cases 

nd deaths [21] —and evaluate for disproportionate mortality across 

hese characteristics. In addition to descriptive information on 

ecedents, COVID-19 mortality was compared across racial/ethnic 

roups considering age, sex, and education using mortality rate ra- 

ios (MRR) and proportionate mortality ratios (PMR). We also ex- 

mined COVID-19 mortality by ethnicity and nativity combined, 

onsidering age and education, with PMR. 

ethods 

tudy setting and population 

Data on causes of death, race/ethnicity, sex, age, educational 

ttainment, country of birth, and county of residence were ob- 

ained using the California Comprehensive Death Files (CCDF) and 

alifornia Comprehensive Master Death File (CCMDF) from the 

alifornia Department of Public Health, Center for Health Statis- 

ics and Informatics for 2016 to 2020 (CCMDF for 2016–2018 

nd CCDF for 2019–2020). Data for 2020 were updated weekly 

nd last date of data export used in this analysis was Septem- 

er 9, 2020. Race/ethnicity were grouped into non-Hispanic White, 

on-Hispanic Black, Asian/Pacific Islander (regardless of Hispanic- 

ty; Asian/PI), American Indian/Alaskan Native (regardless of His- 

anicity; AI/AN), Hispanic (excludes A/PI, AI/AN), and Multira- 

ial/Other/Unknown. County of birth was used to define decedents’ 

ativity status, categorized as U.S.-born or foreign-born. Categories 

f ethnicity and nativity combined were U.S.-born non-Hispanic, 

.S.-born Hispanic, Foreign-born non-Hispanic, and Foreign-born 

ispanic, using Hispanicity as defined for race/ethnicity. This study 

as approved by the Committee for the Protection of Human Sub- 

ects of the state of CA. 

OVID-19-related deaths 

Mortality data included the 10th revision of the International 

tatistical Classification of Diseases and Related Health Problems (ICD- 

0) codes for underlying cause of death and up to 20 relevant con- 

itions. Effective April 1, 2020, there was a new ICD-10 code for 

OVID-19, U07.1; however, because we used the dynamic CCDF file 

ith weekly updates for recent mortality, final coded data on un- 

erlying cause of death and relevant conditions were not avail- 

ble for all 2020 deaths. Thus, we developed an algorithm using 

he code U07.1 and a keyword search to identify COVID-19-related 
70 
eaths and applied it to all deaths occurring after February 1, 2020 

e Fig. 1 ). Among deaths with coded data on underlying cause of 

eath and relevant conditions, our algorithm correctly identified 

9.95% of deaths coded with U07.1. Analyses were restricted to 

OVID-19-related deaths occurring February 1-July 31, 2020. 

tatistical analysis 

Temporal trends in COVID-19 mortality in CA during the study 

eriod are presented. Descriptive statistics among decedents iden- 

ified as having COVID-19 mortality were presented for the entire 

tudy period as well as for subperiods with distinct patterns in 

ortality (i.e., distinct “epidemic periods”). 

COVID-19 age-adjusted mortality rates (MR) per 10 0,0 0 0 

erson-years were calculated using direct standardization to the 

019 CA population using 5-year age intervals and were compared 

cross racial/ethnic groups using mortality rate ratios (MRR) by sex 

nd epidemic period, accounting for variation in observation time. 

on-Hispanic White was used as the referent group. Population es- 

imates were obtained from the CDC WONDER Online Database 

sing the Bridged-Race Population Estimates for CA [22] and 

acial/ethnic groups were combined to align with the categories 

escribed above (does not include “Multiracial/Other/Unknown”

roup). Age-adjusted MR were also calculated and compared across 

acial/ethnic groups using MRR for selected counties with greater 

han 500 COVID-19 deaths using 2019 county-specific population 

stimates for both population and direct standardization. COVID-19 

ge-specific MR were calculated and compared across racial/ethnic 

roups using MRR by age groups (excluding 0–19 years category, 

hich had only 5 deaths) and sex. 

Analyses using proportionate mortality (PM) were restricted to 

eaths among decedents aged 20 years and older and occurring 

arch 1-July 31 (only 2 COVID-19 deaths occurred before March 1, 

020). PM was defined as number of COVID-19 deaths in a speci- 

ed subpopulation (e.g., a certain racial/ethnic group) divided by 

verage all-cause mortality in the same subpopulation occurring 

arch 1-July 31 in 2016–2019 among decedents aged 20 years and 

lder (multiplied by 100 to be akin to a percentage). The PM met- 

ic allows for COVID-19 mortality to be interpreted as a percent- 

ge of “typical” mortality in a group. Mortality for past years was 

estricted to match the time frame for 2020 COVID-19 deaths to 

ccount for annual trends in mortality. All-cause mortality in 2020 

as not used as the reference, which would have been common 

or PM. This is because evidence suggests all-cause mortality has 

een affected by the pandemic not only through COVID-19 mor- 

ality [23] . PM ratios (PMR) were used to compare across dece- 

ent characteristics, including racial/ethnic group, sex, educational 

ttainment, and ethnicity and nativity combined, as well as com- 

inations of these. Educational attainment may serve as a proxy 

or socioeconomic status which is linked with healthcare access, 

o-morbidities, and other factors such as employment type that 

ay impact COVID-19 infection and mortality [24-27] . Because the 

MR metric relies on all-cause mortality, we additionally exam- 

ned differences in all-cause mortality rates for 2019 by age among 

acial/ethnic groups using 2019 death data and population esti- 

ates. 

All analyses were performed using SAS statistical software ver- 

ion 9.4 (SAS Institute Inc., Cary, NC) and statistical tests were 

ased on 2-sided tests with α = 0.05. Standard errors and 95% 

onfidence intervals (95%CI) were computed using standard meth- 

ds (see eMethods) [28] . 

esults 

We identified 10,200 COVID-19 deaths occurring in CA between 

ebruary 1 and July 31, 2020. Distinct temporal patterns in weekly 
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Fig. 1. Age-standardized COVID-19 mortality rates for all ages and select ages by race/ethnicity. Mortality rates are per 10 0,0 0 0 person-years. Bars represent 95% confidence 

intervals. 
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ortality identified three periods in the COVID-19 epidemic in CA 

e Fig. 2 ): the first period, through April 19, had an upward trend;

he second period, April 20–June 16, demonstrated a steady slight 

ecline; the third period, June 17-July 31, had an upward trend 

imilar to the first period. Distribution of characteristics among 

ecedents with COVID-19 mortality are shown for the entire study 

eriod ( Table 1 ) and by the three epidemic periods (e Table 1 ).

ecedents were consistently older, more likely to be male, had 

ower educational attainment, and most were foreign-born. His- 

anic was the predominant race/ethnicity among decedents, which 

ncreased proportionately during the epidemic. 

ortality rate ratios 

Morality rates were considerably higher among older individ- 

als, but with differences observed across racial/ethnic groups 

 Fig. 1 ). Compared with the White group, MRR were elevated 

mong Asian/PI, Black, and Hispanic groups, with Black and His- 

anic groups having the highest MRR at 2.75 (95%CI: 2.54–2.97) 

nd 4.18 (95%CI: 3.99–4.37), respectively ( Fig. 2 and e Fig. 3 ; 

 Table 2 ). This pattern persisted within each epidemic period 

e Fig. 3 ). Analyses by county of residence for counties with greater 

han 500 COVID-19 deaths (Los Angeles, Orange, Riverside, San 

ernardino, and San Diego Counties) showed that while there were 

ome differences in specific MRRs estimated by racial/ethnic group, 

he overall pattern of COVID-19 mortality disparity persisted (eFig. 

). 

Age-specific MRR revealed greater differences among 

acial/ethnic groups, with greater disproportionate mortality 

mong younger Black and Hispanic individuals ( Fig. 2 ; eTable 

). Compared with White individuals aged 20–54 years, the MR 

as 4.7-fold (95%CI: 3.5–6.3) higher among Black individuals and 

.5-fold (95%CI: 6.9–10.4) higher among Hispanic individuals of 

he same age. When examined by sex, disparities observed among 
71 
ecedents aged less than 84 years were higher among females in 

he Black group and among males in the Hispanic group. In the 

sian/PI group, mortality disparity was greatest among those aged 

5 year or more, with the largest MRR observed for females, 1.70 

95%CI: 1.50–1.93). 

roportionate mortality 

Univariate analyses using PMR found elevated PM in males 

ompared with females, in all non-White racial/ethnic groups, in 

ecedents with lower educational attainment, and in all ethnic- 

ty/nativity groups relative to U.S.-born non-Hispanic (eTable 4). 

Analyses comparing across racial/ethnic groups by age demon- 

trated greater disparities among younger decedents, similar to 

hose observed with MRR (eTable 5). Elevated PMR persisted in 

nalyses stratified by education ( Fig. 3 ; eTable 6). For example, 

mong decedents aged 20–64 years with high school education or 

ess, the PM in the Hispanic group was 8.5-fold (95%CI: 7.4–9.9) 

igher compared with the White group. For the same age group, 

ut among those with some college or more, the PMR for Hispan- 

cs remained highly elevated at 7.0 (95%CI: 5.8–8.6). All-cause mor- 

ality rates for 2019 were lower compared with the White group 

or all racial/ethnic group, except the Black group which were 

igher. This may lead PMR to over or underestimate true COVID-19 

ortality disparities which should be considered when interpret- 

ng these results These differences, however, were not sufficiently 

arge to explain away all disparities observed (eFig. 5). Adjusting 

MR for differences in all-cause mortality produces estimates sim- 

lar to MRR reported above (eTable 7). 

When examining ethnicity and nativity combined by age, ele- 

ated PMR were observed for all groups, especially for the foreign- 

orn Hispanic group, relative to the U.S.-born non-Hispanic group 

eTable 8). PMR were generally larger among younger age groups. 

fter accounting for educational attainment by stratification, el- 
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Fig. 2. Age-standardized COVID-19 mortality rate ratios for all ages and select ages by race/ethnicity. Bars represent 95% confidence intervals. Referent group is non-Hispanic 

Whites. 

Fig. 3. Proportionate mortality ratios for COVID-19 by race/ethnicity, age, and educational attainment. Proportionate mortality ratios are based on COVID-19 deaths occurring 

between March 1-July 31, 2020 among decedents aged 20 years and older. Subpopulation proportionate mortalities were calculated using all-cause mortality in the same 

subpopulation occurring March 1–July 31 in 2016–2019 among decedents aged 20 years and older. Bars represent 95% confidence intervals. Referent group for PMR is 

non-Hispanic White. 
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Table 1 

Distribution of selected characteristics among dece- 

dents identified as having COVID-19 mortality, Cali- 

fornia, February 1–July 31, 2020 

N (%) 

Deaths 10,200 

Age 

0–19 5 (0.1) 

20–44 421 (4.1) 

45–54 710 (7.0) 

55–64 1467 (14.4) 

65–74 2222 (21.8) 

75–84 2450 (24.0) 

85 or older 2925 (28.7) 

Sex 

Male 5914 (58.0) 

Female 4286 (42.0) 

Race/ethnicity 

Hispanic (excludes A/PI, AI/AN) 4914 (48.2) 

Mexican 3333 (67.8) 

Other Hispanic 1581 (32.2) 

NH White 3025 (29.7) 

Asian/Pacific Islander 1290 (12.7) 

Filipino 441 (34.2) 

Chinese 251 (19.5) 

Korean 207 (16.1) 

Vietnamese 97 (7.5) 

Japanese 82 (6.4) 

Other Asian 212 (16.4) 

Black 804 (7.9) 

Multiracial/other/unknown 124 (1.2) 

American Indian/Alaskan Native 43 (0.4) 

Educational Attainment 

Less than high school 3637 (35.7) 

High school 3027 (29.7) 

Some college 1040 (10.2) 

Associate degree 478 (4.7) 

Bachelor’s degree 966 (9.5) 

Graduate degree 499 (4.9) 

Unknown 553 (5.4) 

Country of birth 

United States 4413 (43.3) 

Mexico 2942 (28.8) 

Philippines 442 (4.3) 

El Salvador 364 (3.6) 

Guatemala 219 (2.2) 

South Korea 195 (1.9) 

Other country 1302 (12.8) 

Unknown 323 (3.2) 
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Table 2 

Proportionate mortality (PM) and proportionate mortality ratio (PMR) by ethnicity and

decedents aged 20 years and older, California, March 1–July 31, 2020 

High school or less 

Ethnicity and nativity combined Age COVID-19 Deaths PM (95% CI) a 

U.S.-born non-Hispanic 20 to 64 295 3.6 (3.2–4.0) 

65 to 74 309 5.7 (5.1–6.3) 

75 to 84 441 6.1 (5.6–6.7) 

85 < = 602 4.9 (4.6–5.3) 

U.S.-born Hispanic 20 to 64 272 10.1 (9.0–11.4) 

65 to 74 170 18.1 (15.6–21.1) 

75 to 84 166 14.0 (12.0–16.3) 

85 < = 236 12.1 (10.7–13.8) 

Foreign-born non-Hispanic 20 to 64 84 6.7 (5.4–8.4) 

65 to 74 109 9.3 (7.7–11.2) 

75 to 84 224 10.0 (8.8–11.4) 

85 < = 506 12.1 (11.1–13.2) 

Foreign-born Hispanic 20 to 64 1177 38.7 (36.6–41.0) 

65 to 74 792 45.2 (42.1–48.4) 

75 to 84 691 32.4 (30.1–35.0) 

85 < = 547 23.7 (21.8–25.8) 

a Subpopulation PM were calculated using all-cause mortality in the same subpopulat

older. 

73 
vated PMR remained ( Table 2 ). Among decedents aged 20–64 

ears, PMR for foreign-born Hispanic compared with U.S.-born 

on-Hispanic among those with a high school education or less 

as PMR = 10.7 (95%CI: 9.5–12.1), while among those with some 

ollege or more was PMR = 8.4 (95%CI: 6.9–10.1). 

iscussion 

This study used death certificate data to identify decedents 

ith COVID-19 mortality in CA and to investigate demographic 

haracteristics associated with mortality using two different met- 

ics of association, MRR and PMR. Disproportionate COVID-19 mor- 

ality was observed among Black, Hispanic, and Asian/PI groups in 

A. Larger relative disparities were observed at younger ages for 

lack and Hispanic individuals. Disparities persisted after account- 

ng for educational attainment, serving here as a proxy for socioe- 

onomic status. Disproportionate mortality was also observed by 

ombinations of ethnicity and nativity, with all groups (especially 

oreign-born Hispanic individuals) having greater COVID-19 mor- 

ality compared with U.S.-born non-Hispanic individuals, particu- 

arly at younger ages. Disparities by nativity remained in analy- 

es controlling for educational attainment. The larger disparities in 

ounger age groups are particularly important given younger popu- 

ations may be overlooked in public health campaigns due to their 

verall lower risk of severe disease. Here, however, we observed 

he mortality rate for Black individuals aged 55–64 to be higher 

han mortality rate for White individuals 10 years older, and the 

ortality rate for Hispanic individuals aged 55–64 years to be ap- 

roaching mortality rate for White individuals 20 years older. The 

uch larger disparities observed in MRR for Hispanic individuals 

ompared with Black individuals, for all ages but particularly for 

ounger ages, are likely driven in part by the high COVID-19 mor- 

ality observed for foreign-born Hispanic individuals. Younger pop- 

lations should be included among targets in public health inter- 

entions. Disparities in COVID-19 mortality may be driven by a va- 

iety of factors, including complex interaction between social and 

tructural determinates of health, barriers to accessing care, higher 

revalence of underlying co-morbidities associated with more se- 

ere COVID-19 disease and adverse outcomes, and differential ex- 

osure to virus due to working and living conditions [ 24 , 29-34 ]—

hich maybe different and interact differently among the different 

roups (race/ethnicity and ethnicity/nativity) and subgroups (age- 

ace/ethnicity and age-ethnicity/nativity groups) examined here. 
 nativity combined, age, and educational attainment for COVID-19 deaths among 

Some college or more 

PMR (95% CI) COVID-19 Deaths PM (95% CI) a PMR (95% CI) 

Referent 223 3.1 (2.7–3.5) Referent 

Referent 315 4.3 (3.8–4.8) Referent 

Referent 468 5.4 (4.9–5.9) Referent 

Referent 532 4.4 (4.0–4.8) Referent 

2.81 (2.40–3.29) 130 10.4 (8.8–12.4) 3.40 (2.76–4.18) 

3.20 (2.69–3.80) 67 13.0 (10.2–16.5) 3.06 (2.39–3.92) 

2.29 (1.94–2.71) 40 9.2 (6.8–12.6) 1.71 (1.26–2.33) 

2.46 (2.13–2.84) 33 8.6 (6.1–12.1) 1.96 (1.40–2.74) 

1.87 (1.48–2.37) 138 7.9 (6.7–9.3) 2.57 (2.09–3.16) 

1.63 (1.32–2.01) 180 11.5 (10.0–13.4) 2.71 (2.27–3.23) 

1.63 (1.40–1.90) 207 9.5 (8.3–10.9) 1.77 (1.51–2.07) 

2.46 (2.20–2.75) 265 10.1 (8.9–11.4) 2.30 (1.99–2.64) 

10.73 (9.51–12.11) 161 25.6 (21.9–29.9) 8.35 (6.93–10.05) 

7.96 (7.06–8.98) 94 31.5 (25.7–38.5) 7.39 (6.06–9.02) 

5.31 (4.76–5.92) 59 19.2 (14.9–24.7) 3.55 (2.78–4.54) 

4.80 (4.31–5.34) 50 15.2 (11.5–20.0) 3.46 (2.64–4.52) 

ion occurring March 1–July 31 in 2016–2019 among decedents aged 20 years and 
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Differences in COVID-19 mortality can develop anywhere along 

he disease continuum from exposure, to incidence, severity, and 

hen ultimately death. The mechanisms and magnitude of these 

ifference are likely different for different groups (e.g., younger 

lack group, older Asian/PI, etc.) at different points along the path- 

ay. Several studies have reported differential COVID-19 impacts 

cross racial/ethnic groups including for incidence [ 1 , 35 ], severity 

 4-6 , 8-10 ], death [ 12 , 13 , 27 ], however few studies have examined

utcomes by nativity [36] . Ecologic studies have reported COVID- 

9 incidence rates to be positively associated with higher pop- 

lation percentage Black [ 14 , 26 , 37 ], Hispanic/Latino [ 15 , 26 , 34 , 37 ],

r foreign-born [ 26 , 37 ]. In a Massachusetts study the association 

or Latino population percentage was attenuated after accounting 

or percent foreign-born noncitizens living in a community, mean 

ousehold size, and share of food service workers (all which were 

lso positively associated with incidence) [37] . In contrast, the as- 

ociation for Black population percentage was not attenuated [37] . 

n a study across 22 states, a disproportionate number of incident 

OVID-19 cases relative to population demographics was reported 

or Hispanic, Black, AI/AN, Asian, and Native Hawaiian/Pacific Is- 

ander individuals in counties considered hotspots for COVID-19 in- 

idence [1] . Healthcare system-based studies have reported greater 

evere acute respiratory syndrome coronavirus 2 testing and test 

ositivity rate for non-English speakers compared with English- 

peakers [36] and higher odds of infection for non-Hispanic Black 

nd Hispanic individuals adjusting for demographic and socioe- 

onomic characteristics [35] . Higher hospitalization has been re- 

orted for Black and Hispanic patients, even after adjusting for 

o-morbidities and demographic and socioeconomic factors [ 4 , 6 , 8 ]. 

mong patients hospitalized with COVID-19 infection, non-White 

atients were more likely to present with higher disease severity, 

hich was associated with worse outcomes [10] . 

These disproportionate effects in disease incidence and sever- 

ty contribute to COVID-19 mortality disparities, which have been 

eported based on aggregate data or healthcare system-based stud- 

es for Black and Hispanic individuals. A study using aggregate 

ata on COVID-19 from regions across the U.S. report dispropor- 

ionately higher COVID-19 mortality relative to population size for 

lack individuals and higher estimated case-fatality [12] . Among 

ural counties, average daily increase in COVID-19 mortality rates 

ere significantly higher in counties with the largest shares of 

lack and Hispanic residents [13] . A study using electronic med- 

cal record data from 24 healthcare organization reported Black 

ndividuals having a greater odds of COVID-19 mortality, even af- 

er controlling for age, sex, and several co-morbidities [27] . Differ- 

nces between Black and White individuals were larger in those 

ess than 50 years of age, similar to larger MRR and PMR observed 

n younger age groups in the present study. Not all studies examin- 

ng race/ethnicity have observed difference in COVID-19 mortality. 

 large study using data from 92 U.S. hospitals found that after ad- 

usting for a variety of factors including comorbidities, insurance, 

nd neighborhood deprivation there was no difference in mortality 

etween Black and White patients with COVID-19 [7] . Similarly, a 

tudy in Louisiana found that after adjusting for sociodemographic 

nd clinical factors, in-hospital mortality was not different between 

lack and White patients [4] . It may be that once COVID-19 pa- 

ients are ill to the point of hospitalization, differences in mortality 

re less appreciable. Overall, this evidence taken together supports 

he notion that mortality differences across racial/ethnic groups 

nd by ethnicity/nativity reported in the present study are likely 

he cumulative effects across the entire pathway of disease. 

Quantification of COVID-19 mortality disparities is needed so 

ffective public health interventions can be developed to mitigate 

isproportionate burden of the pandemic on vulnerable popula- 

ions [38] . Factors that may contribute to mortality disparities and 

ould be targets for interventions include barriers to healthcare ac- 
74 
ess including medical mistrust and insurance, living and work- 

ng conditions, being essential/frontline workers, underlying health 

onditions including suboptimal disease management, and social 

nd structural determinants of health [ 24 , 29-33 , 39 ]. Interactions 

etween structural, social, and individual factors that contribute 

o differential COVID-19 mortality are complex and vary not only 

cross these different historically marginalized groups (e.g., Black, 

ispanic, Asian/PI, foreign-born Hispanic), but also within these 

roups (e.g., younger and older Hispanic individuals). Public health 

nterventions and policies should consider the differing and com- 

lex risk structure across and within these groups. For example, 

ifferential workplace exposure may contribute to increased mor- 

ality among younger Black and Hispanic, including foreign-born 

ispanic, individuals. People of color are more likely to be em- 

loyed in essential industries and in occupations with more expo- 

ure to infections and close proximity to others [30] . Black workers 

n particular face an elevated risk for these factors [30] . A study of

orkplace COVID-19 outbreaks in Utah found 73% of cases were in 

ispanic or non-White workers, whereas Hispanic and non-White 

orkers represent only 24% of the workforce in affected industries 

33] . Immigrant families faced additional complicating factors (e.g., 

mployment in jobs with higher potential exposure, no/inadequate 

ealth insurance and paid leave, multigenerational housing, etc. 

 40 , 41 ]) which must be considered for public health planning. For 

xample public charge regulations may have disincentivized im- 

igrant families from accessing healthcare if they become symp- 

omatic [ 40 , 41 ]. This delays testing and treatment and may in-

rease disease transmission risk within their home and commu- 

ities [ 40 , 41 ]. 

This study has limitations. First, while use of death certifi- 

ate data has many advantages, there were a limited number of 

vailable demographic and socioeconomic variables. Augmentation 

f these data with neighborhood characteristics based on dece- 

ent residential address is an area of future work. Second, the 

ariable related to socioeconomic position used in this analysis—

ducational attainment—is only one dimension of person’s socioe- 

onomic status and does not fully capture this complex deter- 

inant of health. Further, there may be misreporting of educa- 

ional attainment on death certificates, with prior studies find- 

ng higher underreporting of educational attainment for Black and 

ispanic decedents compared with White decedents [42] . This is 

lso likely for foreign-born individuals. Any differential misreport- 

ng, however, would be expected to lead to less misclassification 

mong Black and Hispanic (and possibly also foreign-born) dece- 

ents categorized as “Some college or more” yet large mortal- 

ty disparities persisted in stratified analyses. Third, PM, and thus 

MR, uses as a comparison all-cause mortality, which if different 

etween groups may over or underestimate differences in mortal- 

ty between groups. When all-cause mortality rates are lower com- 

ared with the referent group, PMR will overestimate differences 

n COVID-19 mortality, but as discussed differences in all-cause 

ortality rates were not sufficient to explain all observed COVID- 

9 disparities. When all-cause mortality rates are higher, such as 

as observed for Black individuals, the PMR will underestimate 

ifferences COVID-19 mortality. This study has several strengths. 

irst, to identify COVID-19 mortality we used death certificate data 

hich captures all mortality in the state and does not restrict to 

ndividuals in a healthcare/insurance network. Second, we had in- 

ormation on individual-level demographic characteristics on dece- 

ents, which was advantageous in two regards: (i) there was sub- 

tantial under-reporting of race/ethnicity for COVID-19 decedents 

arly in the pandemic and there is still a lack of reporting by nativ- 

ty, which precludes analyses by these factors, and (ii) we did not 

ave to rely on aggregate demographic data which could be sub- 

ect to the ecologic fallacy. Third, because of this individual-level 

ata we were able to examine mortality by several demographic 
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actors in combination to better understand intersectional impacts 

f COVID-19. 

onclusions 

Differential COVID-19 mortality was observed in California 

cross racial/ethnic groups and by ethnicity and nativity combined, 

ith evidence of greater disparities among younger age groups. 

atterns of disparities persisted after accounting for educational at- 

ainment. Drivers of these disparate COVID-19 impacts are likely 

ultifactorial and involve the interplay of structural, social, and 

ndividual factors that must be considered in the design and im- 

lementation for public health interventions to effectively mitigate 

he impacts of this disease. 
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