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Disparities in COVID-19 Disease Incidence by Income and Vaccination Coverage —  
81 Communities, Los Angeles, California, July 2020–September 2021
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COVID-19 has disproportionately affected socially vul-
nerable communities characterized by lower income, lower 
education attainment, and higher proportions of minor-
ity populations, among other factors (1–4). Disparities in 
COVID-19 incidence and the impact of vaccination on 
incidence disparities by community income were assessed 
among 81 communities in Los Angeles, California. Median 
community vaccination coverage and COVID-19 incidence 
were calculated across household income strata using a gen-
eralized linear mixed effects model with Poisson distribution 
during three COVID-19 surge periods: two before vaccine 
availability (July 2020 and January 2021) and the third after 
vaccines became widely available in April 2021 (September 
2021). Adjusted incidence rate ratios (aIRRs) during the 
peak month of each surge were compared across communi-
ties grouped by median household income percentile. The 
aIRR between communities in the lowest and highest median 
income deciles was 6.6 (95% CI = 2.8–15.3) in July 2020 
and 4.3 (95% CI = 1.8–9.9) in January 2021. However, dur-
ing the September 2021 surge that occurred after vaccines 
became widely availabile, model estimates did not identify an 
incidence disparity between the highest- and lowest-income 
communities (aIRR = 0.80; 95% CI = 0.35–1.86). During 
this surge, vaccination coverage was lowest (59.4%) in lowest-
income communities and highest (71.5%) in highest-income 
communities (p<0.001). However, a significant interaction 
between income and vaccination on COVID-19 incidence 
(p<0.001) indicated that the largest effect of vaccination on 
disease incidence occured in the lowest-income communities. 
A 20% increase in community vaccination was estimated to 
have resulted in an additional 8.1% reduction in COVID-19 
incidence in the lowest-income communities compared with 
that in the highest-income communities. These findings 
highlight the importance of improving access to vaccination 
and reducing vaccine hesitancy in underserved communities 
in reducing disparities in COVID-19 incidence.

Eighty-one communities in Los Angeles with available vac-
cination and incidence data (total population = 5,083,093; 
median = 47,450) were included in the analysis (Supplementary 
Table 1, https://stacks.cdc.gov/view/cdc/129934). Community-
level COVID-19 vaccination coverage and incidence data from 
March 2020 through September 2021 were obtained from 
the Los Angeles Times COVID-19 data repository, which is 

populated with California Department of Public Health data.* 
COVID-19 incidence data from this repository and sociode-
mographic data from the U.S. Census Bureau† were available 
by community name within Los Angeles County. Vaccination 
coverage data were available by zip code. Los Angeles Times 
COVID-19 incidence and vaccination data were linked to 
census data using zip codes as a common identifier.

A generalized linear mixed effects model with a Poisson 
distribution was used to estimate COVID-19 incidence and, 
separately, vaccination coverage across strata of median com-
munity household income. Covariates in the model included 
percentage of persons in each community who had completed 
the primary COVID-19 vaccination series§ and the follow-
ing community characteristics: percentage of persons who 
were 1) aged ≥65 years; 2) male or female; 3) non–U.S.-born; 
4) non-Hispanic White, non-Hispanic Black or African 
American, or Hispanic or Latino; 5) who had completed at 
least high school; and 6) who had no health insurance; and 
the average number of persons residing in each household. 
Time (number of months since data collection began in March 
2020) and vaccination coverage were included in the model as 
polynomial splines to allow flexibility in estimating the non-
linear effects of time and vaccination coverage on COVID-19 
incidence. Interaction terms along with main effects for median 
income and vaccination coverage, and median income and time 
in months were included to adjust for differential effects of 
median income on COVID-19 incidence across levels of vac-
cination coverage and time.¶ Unadjusted** and adjusted IRRs 
with predicted marginal effects for COVID-19 incidence were 
calculated across percentiles of median community household 

 * Summary: https://www.latimes.com/projects/california-coronavirus-cases-
tracking-outbreak/; primary data: https://github.com/datadesk/california-
coronavirus-data (Accessed October 1, 2022). 

 † https://www.census.gov/quickfacts/fact/table/US/PST045221 (Accessed 
October 1, 2022).

 § Receipt of 1 dose of Janssen (Johnson & Johnson) vaccine or 2 doses of Pfizer-
BioNTech or Moderna vaccines.

 ¶ The interaction between income and time was included to account for 
differential effects of median income on COVID-19 incidence at different 
time points. Without this interaction term, it would be assumed that the effect 
of median income on COVID-19 incidence is independent of time and hence 
fixed across the analyzed time points. The interaction between vaccination 
and time was not included in the model because widespread vaccination did 
not occur until the end of the time horizon of the study and was therefore 
relevant only to the final surge in September 2021.

 ** Univariable (unadjusted) models included time in months relative to the start 
of data collection (March 2020), income, and the interaction of income by time.

https://stacks.cdc.gov/view/cdc/129934
https://www.latimes.com/projects/california-coronavirus-cases-tracking-outbreak/
https://www.latimes.com/projects/california-coronavirus-cases-tracking-outbreak/
https://github.com/datadesk/california-coronavirus-data
https://github.com/datadesk/california-coronavirus-data
https://www.census.gov/quickfacts/fact/table/US/PST045221
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income during July 2020, January 2021, and September 2021. 
The aIRRs during the peak month of each surge were com-
pared across income strata using the Wald’s test with p-values 
adjusted using Tukey’s method for multiple comparisons. 
Median community vaccination coverage and reduction in 
COVID-19 incidence associated with a 20% increase in 
community vaccination coverage in September 2021 were 
estimated independently with the multivariable mixed effects 
Poisson models and were compared across income strata using 
pairwise contrasts of Wald’s test, with p-values adjusted using 
Tukey’s method for multiple comparisons. Statistical tests were 
performed using R software (version 4.1.1; R Foundation). All 
tests were two-sided with a significance threshold of p<0.05. 

This study was deemed exempt from IRB review by the Cedars-
Sinai Institutional Review Board.

COVID-19 incidence was significantly higher in communi-
ties with lower median household income than in those with 
higher median household income during both July 2020 (aIRR 
= 6.6, 95% CI = 2.8–15.3) and January 2021 (aIRR = 4.3; 
95% CI = 1.8–9.9) (Figure) (Table 1).†† In September 2021, 
however, incidence was not significantly different across com-
munities irrespective of median household income (aIRR = 0.8; 
95% CI = 0.35–1.86). By September 2021, higher median 

 †† A significant interaction was identified between income and time (p<0.001) 
in the mixed effects model predicting COVID-19 incidence, in which the 
effects of income on COVID-19 incidence was dependent on time.

FIGURE. Estimated COVID−19 incidence,* by median community income percentile†,§ — 81 communities, Los Angeles, California, 
March 2020–September 2021
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* Cases per 100,000 population. Incidence was estimated across median community income strata using the multivariable Poisson mixed effects model corrected for 
community-level median vaccination coverage, age, sex, non–U.S.-born status, race, ethnicity, education level, number of persons per household, insurance status, 
and interaction terms for income by vaccination and income by time in months since data collection began in March 2020.

† In U.S. dollars. p<0.001 for all comparisons of COVID-19 incidence between median community income strata in July 2020 and January 2021 (independently) using 
Wald’s test adjusted for multiple comparisons.

§ In U.S. dollars. p<0.05 for all comparisons of COVID-19 incidence between median community income strata in September 2021 using Wald’s test adjusted for 
multiple comparisons.
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TABLE 1. Comparison of COVID-19 unadjusted and adjusted incidence rate ratios,* by median community income percentile† — 81 communities, 
Los Angeles, California, July 2020, January 2021, and September 2021

Median community income 
percentile§ comparison

IRR (95% CI), by month and year

Jul 2020§ Jan 2021§ Sep 2021

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

10th vs. 25th 1.14 (1.11–1.17) 1.15 (1.08–1.23) 1.09 (1.06–1.12) 1.12 (1.05–1.19) 1.03 (0.99–1.06) 0.98 (0.92–1.05)
10th vs. 50th 1.59 (1.43–1.77) 1.67 (1.33–2.11) 1.37 (1.23–1.52) 1.49 (1.18–1.87) 1.10 (0.98–1.22) 0.94 (0.75–1.18)
10th vs. 75th 2.63 (2.11–3.28) 2.91 (1.80–4.69) 1.92 (1.54–2.40) 2.28 (1.42–3.68) 1.22 (0.98–1.52) 0.88 (0.54–1.41)
10th vs. 90th 5.52 (3.74–8.16) 6.61 (2.84–15.38) 3.18 (2.16–4.69) 4.30 (1.85–9.99) 1.41 (0.96–2.09) 0.79 (0.34–1.84)

Abbreviation: IRR = incidence rate ratio.
* IRRs were estimated from multivariable Poisson mixed effects model for COVID-19 incidence. Univariable (unadjusted) models included time in months since data 

collection began in March 2020, income, and the interaction of income by time. Multivariable (adjusted) models included community-level median vaccination 
coverage, age, sex, non–U.S.-born status, race, ethnicity, education level, number of persons per household, insurance status, and interaction terms for income by 
vaccination and income by time.

† Median community income percentiles (in U.S. dollars): 10th = $48,944; 25th = $55,351; 50th = $71,948; 75th = $96,628; and 90th = $133,286.
§ p<0.001 for IRR comparisons between median community income strata at the specified time point using the Wald’s test adjusted for multiple comparisons.

household income was associated with higher community vac-
cination coverage across all percentiles of income, with median 
vaccination coverage of 59.4% (95% CI = 57.6%–61.2%) for 
the lowest- and 71.5% (95% CI = 68.5%–74.4%) for the high-
est-income communities (p<0.001) (Supplementary Figure, 
https://stacks.cdc.gov/view/cdc/129936) (Supplementary 
Table 2, https://stacks.cdc.gov/view/cdc/129935). A significant 
interaction was observed between median household income 
and vaccination coverage on COVID-19 incidence (p<0.001). 
Within each income stratum, vaccination coverage was inversely 
associated with COVID-19 incidence; however, the effect was 
largest in the lowest-income communities. A 20% increase 
in community vaccination coverage was predicted to result 
in an additional 8.1% (95% CI = 7.7%–8.4%) reduction in 
COVID-19 incidence in the lowest-income communities com-
pared with the highest-income communities (p<0.001) (Table 2).

Discussion

This study adds to the body of evidence showing the dispro-
portionate impact of COVID-19 on the lowest-income com-
munities early in the pandemic and the impact of vaccination 
in reducing these disparities. These disparities were mitigated 
during the third pandemic surge, after COVID-19 vaccines 
became widely available. Although vaccination coverage was 
inversely associated with disease incidence during the third 
surge in all income groups, the estimated impact of vaccina-
tion on COVID-19 incidence was largest in the lowest-income 
communities, despite lower overall vaccination coverage in 
these communities. The higher impact of vaccination in those 
communities might be due to the higher risk for SARS-CoV-2 
exposure in lower-income communities, potentially related to 
higher population density, more use of public transportation, 
and increased likelihood of working in service industries in 
which remote work might not be feasible (5). Higher COVID-
19 incidence in lower-income communities might also have 
contributed to higher levels of postinfection immunity before 

TABLE 2. Predicted absolute reduction* in COVID-19 incidence rate 
ratios associated with a 20% increase in community primary series 
coverage† — 81 communities, Los Angeles, California, September 2021

Median community income 
percentile, (USD)

Absolute reduction in COVID-19 
incidence,§,¶ % (95% CI)

90th ($133,286) Ref
75th ($96,628) −3.6 (−3.2 to −4.0)
50th ($71,948) –5.9 (−5.7 to −6.2)
25th ($55,351) −7.5 (−7.2 to −7.8)
10th ($48,944) −8.1 (−7.7 to −8.4)

Abbreviations: Ref = referent group; USD = U.S. dollars.
* Reductions in incidence rate ratios estimated from the multivariable Poisson 

mixed effects model corrected for community-level median vaccination 
coverage, age, sex, non–U.S.-born status, race, ethnicity, education level, 
number of persons per household, insurance status, and interaction terms for 
income by vaccination and income by time in months since data collection 
began in March 2020.

† Receipt of 1 dose of Janssen (Johnson & Johnson) vaccine or 2 doses of Pfizer-
BioNTech or Moderna vaccines.

§ COVID-19 vaccination and incidence data were obtained from the Los Angeles 
Times COVID-19 data repository (https://www.latimes.com/projects/california-
coronavirus-cases-tracking-outbreak/). Sociodemographic data was obtained 
from 2019 U.S. Census Bureau data. 

¶ p<0.001 for pairwise comparisons versus the 90th percentile median 
community income using the Wald’s test adjusted for multiple comparisons.

the third surge, with 17% of the population in the lowest-
income communities having received a positive COVID-19 
test result before the third surge compared with only 4% in 
the highest-income communities.

Vaccination coverage differed by income despite public 
health programs to enhance access to vaccination in lower-
income communities. Efforts in California included allocating 
40% of vaccination appointments to communities in the lowest 
quartile of the California Healthy Places Index (HPI) (https://
www.healthyplacesindex.org/) early in the vaccine rollout (i.e., 
March 2021) (6). HPI reflects 25 community characteristics 
using data related to household income, education level, health 
care access, housing, neighborhoods, clean environment, 
transportation, and social environment. California’s zip codes 
(≥1,650) were stratified by the HPI Index (7). All communities 
in the lowest decile of median income in this study were also in 

https://stacks.cdc.gov/view/cdc/129936
https://stacks.cdc.gov/view/cdc/129935
https://www.latimes.com/projects/california-coronavirus-cases-tracking-outbreak/
https://www.latimes.com/projects/california-coronavirus-cases-tracking-outbreak/
https://www.healthyplacesindex.org/
https://www.healthyplacesindex.org/
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the lowest quartile of HPI. This vaccine allocation effort and 
other factors likely contributed to the relatively narrow range 
of estimated adult primary series vaccination coverage rates 
(59.4%–71.5%) observed across income strata in Los Angeles 
County communities at the time of the September 2021 surge.

Efforts to improve vaccination access and vaccine confidence 
are needed to mitigate income-related vaccination dispari-
ties (8). Racial, ethnic, income, birth origin, and education 
inequalities in adult routine vaccination are longstanding, 
highlighting the continued need to build vaccine confidence 
for COVID-19 and routine immunization (9).

The findings in this report are subject to at least three limita-
tions. First, these data sets do not include person-level data to 
enable direct estimation of the impact of individual vaccination 
on COVID-19 incidence by income, which precluded account-
ing for individual immunity acquired from previous infection. 
Second, it was not possible to adjust for differential access to 
or use of testing between communities over time, which has 
potential to inflate or dampen observed disaparities. Finally, 
these results might not be generalizable outside Los Angeles 
or to other pandemic waves, the latter due to differences in 
vaccine effectiveness among different COVID-19 variants.

The COVID-19 pandemic has highlighted the impact of 
social determinants of health on health disparities (10). Future 
planning is needed to ensure readiness to quickly implement 
strategies to mitigate disparities during pandemics affecting 
lower-income communities while vaccines are being devel-
oped, including efforts to improve access to vaccination and 
vaccine confidence in disproportionately affected communi-
ties. Reducing barriers to vaccination in lower-income com-
munities, including providing updated (bivalent) COVID-19 
vaccine boosters, is critical to reducing disparities in disease 
impact, and decreasing COVID-19–related illness in the 
United States.
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Summary

What is already known about this topic?

The COVID-19 pandemic disproportionately affected lower-
income communities.

What is added by this report?

In 81 communities in Los Angeles, California, COVID-19 
incidence during two surges before vaccine availability 
(July 2020 and January 2021) was higher in lower-income 
communities compared with higher-income communities. 
During the first surge after vaccines became available 
(September 2021), a disparity in COVID-19 incidence between 
the highest- and lowest-income communities was not 
observed. The impact of vaccination on COVID-19 incidence 
was highest in the lowest-income communities despite their 
lower vaccination coverage.

What are the implications for public health practice?

Addressing barriers to vaccination within lower-income 
communities is critical to reducing disparities in disease 
incidence and COVID-19–related illness in the United States.

References

 1. Adhikari S, Pantaleo NP, Feldman JM, Ogedegbe O, Thorpe L, Troxel 
AB. Assessment of community-level disparities in coronavirus disease 
2019 (COVID-19) infections and deaths in large US metropolitan areas. 
JAMA Netw Open 2020;3:e2016938. PMID:32721027 https://doi.
org/10.1001/jamanetworkopen.2020.16938

 2. Liao TF, De Maio F. Association of social and economic inequality with 
coronavirus disease 2019 incidence and mortality across US counties. 
JAMA Netw Open 2021;4:e2034578. PMID:33471120 https://doi.
org/10.1001/jamanetworkopen.2020.34578

 3. Hawkins D. Social determinants of COVID-19 in Massachusetts, United 
States: an ecological study. J Prev Med Public Health 2020;53:220–7. 
PMID:32752590 https://doi.org/10.3961/jpmph.20.256

 4. Tai DBG, Sia IG, Doubeni CA, Wieland ML. Disproportionate impact 
of COVID-19 on racial and ethnic minority groups in the United States: 
a 2021 update. J Racial Ethn Health Disparities 2022;9:2334–9. 
PMID:34647273 https://doi.org/10.1007/s40615-021-01170-w

 5. Wong DWS, Li Y. Spreading of COVID-19: density matters. PLoS One 
2020;15:e0242398. PMID:33362283 https://doi.org/10.1371/journal.
pone.0242398

 6. California Department of Public Health. Ending the pandemic through 
equitable vaccine administration. Sacramento, CA: California 
Department of  Public Health; 2021. https://www.gov.ca.gov/
wp-content/uploads/2021/03/Equitable-Vaccine-Administration-Fact-
Sheet.pdf

 7. Maizlish N, Delaney T, Dowling H, et al. California Healthy Places 
Index: frames matter. Public Health Rep 2019;134:354–62. 
PMID:31095451 https://doi.org/10.1177/0033354919849882

 8. CDC. COVID-19 vaccine confidence. Atlanta, GA: US Department 
of Health and Human Services, CDC; 2022. https://www.cdc.gov/
vaccines/covid-19/vaccinate-with-confidence.html

 9. Lu P-J, Srivastav A, Vashist K, et al. COVID-19 booster dose vaccination 
coverage and factors associated with booster vaccination among adults, 
United States, March 2022. Emerg Infect Dis 2023;29:133–40. 
PMID:36480674 https://doi.org/10.3201/eid2901.221151

10. Abrams EM, Szefler SJ. COVID-19 and the impact of social determinants 
of health. Lancet Respir Med 2020;8:659–61. PMID:32437646 https://
doi.org/10.1016/S2213-2600(20)30234-4

mailto:Timothy.Daskivich@cshs.org
https://pubmed.ncbi.nlm.nih.gov/32721027
https://doi.org/10.1001/jamanetworkopen.2020.16938
https://doi.org/10.1001/jamanetworkopen.2020.16938
https://pubmed.ncbi.nlm.nih.gov/33471120
https://doi.org/10.1001/jamanetworkopen.2020.34578
https://doi.org/10.1001/jamanetworkopen.2020.34578
https://pubmed.ncbi.nlm.nih.gov/32752590
https://pubmed.ncbi.nlm.nih.gov/32752590
https://doi.org/10.3961/jpmph.20.256
https://pubmed.ncbi.nlm.nih.gov/34647273
https://pubmed.ncbi.nlm.nih.gov/34647273
https://doi.org/10.1007/s40615-021-01170-w
https://pubmed.ncbi.nlm.nih.gov/33362283
https://doi.org/10.1371/journal.pone.0242398
https://doi.org/10.1371/journal.pone.0242398
https://www.gov.ca.gov/wp-content/uploads/2021/03/Equitable-Vaccine-Administration-Fact-Sheet.pdf
https://www.gov.ca.gov/wp-content/uploads/2021/03/Equitable-Vaccine-Administration-Fact-Sheet.pdf
https://www.gov.ca.gov/wp-content/uploads/2021/03/Equitable-Vaccine-Administration-Fact-Sheet.pdf
https://pubmed.ncbi.nlm.nih.gov/31095451
https://pubmed.ncbi.nlm.nih.gov/31095451
https://doi.org/10.1177/0033354919849882
https://www.cdc.gov/vaccines/covid-19/vaccinate-with-confidence.html
https://www.cdc.gov/vaccines/covid-19/vaccinate-with-confidence.html
https://pubmed.ncbi.nlm.nih.gov/36480674
https://pubmed.ncbi.nlm.nih.gov/36480674
https://doi.org/10.3201/eid2901.221151
https://pubmed.ncbi.nlm.nih.gov/32437646
https://doi.org/10.1016/S2213-2600(20)30234-4
https://doi.org/10.1016/S2213-2600(20)30234-4



