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ABSTRACT  

Background: Comparative effects of the mRNA COVID-19 vaccines on health 

outcomes are uncertain. The study objective was to compare all-cause and non-COVID-

19 mortality between recipients of BNT162b2 (Pfizer) and mRNA-1273 (Moderna).  

Methods: Matched cohort analysis of 1,962,822 adults living in Florida who received a 

first dose of either BNT162b2 or mRNA-1273 between December 18, 2020, and August 

31, 2021, was used to examine 12-month risk of all-cause, cardiovascular, COVID-19, 

and non-COVID-19 mortality. Matching was performed on seven criteria, including age 

group, sex, race, ethnicity, calendar month of vaccination, nine types of vaccination 

sites, and 4,832 census tracts. Kaplan-Meir estimators and Cox proportional hazards 

regressions were used. 

Results: Compared with mRNA-1273 recipients, BNT162b2 recipients had higher 

hazard of all-cause mortality (784 vs. 562 deaths per 100,000; hazard ratio, HR [95% 

CI]: 1.40 [1.36, 1.45]), cardiovascular mortality (226 vs. 145 deaths per 100,000 

persons; HR [95% CI]: 1.57 [1.47, 1.68]), COVID-19 mortality (61 vs. 32 deaths per 

100,000 persons; HR [95% CI]: 1.91 [1.67, 2.19]) and non-COVID-19 mortality (722 vs. 

530 deaths per 100,000 persons; HR [95% CI]: 1.37 [1.32, 1.42]). Negative control 

outcomes and robustness analyses did not show any indication of meaningful 

unobserved residual confounding likely to alter the results, although there was evidence 

of potential small residual imbalance among adults 60 years and older. 
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primary models. As a post-hoc analysis, similar regression models with an additional 

covariate indicator that captures SARS-CoV-2 infection prior to receiving dose 1, were 

estimated. Additional post hoc robustness analyses excluded patients with SARS-CoV-

2 infection prior to vaccination. 

To assess the plausibility of the hypothesis that differences in outcomes between 

the vaccines could be attributable to differential protective effects against SARS-CoV-2 

infection, the analyses were repeated with a more expansive definition of COVID-19+ 

deaths. Specifically, COVID-19+ deaths were defined as deaths with COVID-19 listed 

either as the primary or underlying cause of death on the death certificate, or decedents 

with documented SARS-CoV-2 infection after their first vaccine dose. Decedents 

without COVID-19 on their death certificates or a SARS-CoV-2 infection after the first 

dose were classified as non-COVID-19+ deaths.  

  Additional sensitivity analysis was conducted to assess the robustness of the 

matched cohort analysis to the presence of residual unobserved confounding 

covariates. The sensitivity analysis estimates thresholds on the association levels 

(quantified through odds ratio) between a potential unobserved confounder and the 

exposure and outcome, respectively, that would render the 95% CI interval of the 

BNT162b2 vs. Moderna mRNA-1273 vaccination covariate to include 1.  Upper bounds 

on the respective p-values were calculated using methods proposed by Rosenbaum for 

matched observational studies.[20] (See Supplement for more detailed description.) A 

post hoc analysis aimed to partially assess whether the results could be related to 

subsequent mRNA COVID-19 vaccine doses. It assessed the proportion of individuals 

who received a second dose, and the proportion who received a third dose within 6 
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Table 2 shows the number of deaths in the full and matched cohorts, and Table 3 

reports the respective mortality risk (per 100,000 persons) of BNT162b2 and mRNA-

1273 recipients in the matched cohort, as well as the risk ratio (RR), risk difference (RD) 

and the unadjusted and adjusted hazard ratios (HRs). BNT162b2 recipients had higher 

hazard of all-cause mortality compared to mRNA-1273 recipients (Hazard ratio, HR 

[95% CI]: 1.40 [1.36, 1.45]), with an excess of 221 deaths per 100,000 persons (95% 

CI: [198, 244]; Table 3). The corresponding risk ratio was 1.39 (95% CI: [1.35, 1.44]). 

Similarly, BNT162b2 recipients had a higher hazard ratio for cardiovascular mortality 

compared to mRNA-1273 recipients (HR [95% CI]: 1.57 [1.47, 1.68]), with an excess of 

80 deaths (95% CI: [68, 92]) per 100,000 persons. This corresponded with a risk ratio of 

1.55 (95% CI: [1.45, 1.66]). 

The COVID-19 mortality risk was higher in BNT162b2 recipients compared to 

mRNA-1273 recipients (HR [95% CI]: 1.91 [1.67, 2.19]), with an excess of 29 deaths 

(95% CI: [23, 35]) per 100,000 persons. The corresponding risk ratio was 1.90 (95% CI: 

[1.70, 2.18]). Non-COVID-19 mortality risk was also higher in BNT162b2 recipients 

compared to mRNA-1273 recipients (HR [95% CI]: 1.37 [1.32, 1.42]), with an excess of 

192 deaths (95% CI: [170, 214) per 100,000 persons. This corresponded with a risk 

ratio of 1.36 (95% CI: [1.32, 1.41]). 

Results of the mortality analysis stratified by age are shown in Supplement 

Tables 3 and 7. These stratified analyses demonstrated that increased cardiovascular 

and COVID-19 mortality among BNT162b2 recipients was primarily driven by outcomes 

in adults 60 years and older. However, all-cause mortality was higher among BNT162b2 
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recipients compared to mRNA-1273 recipients for all age groups. Analogous findings 

from the full cohort are shown in Supplement Table 4. 

Cumulative Mortality Incidence Curves 

 Cumulative incidence curves for all-cause, cardiovascular, COVID-19, and non-

COVID-19 mortality in the matched cohort are shown in Figure 2. For all-cause, 

cardiovascular, and non-COVID-19 deaths, the corresponding curves show clear 

separation starting 30-40 days post vaccination with dose 1. For COVID-19 mortality, 

there was a pronounced separation in incidence curves between recipients of 

BNT162b2 versus mRNA-1273 initially after vaccination and a second divergence that 

began approximately 200 days after vaccination. The latter period may correspond to 

the Delta wave which began in Florida around July 2021, when the Delta variant of 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) became the dominant 

variant in Florida. Results from the full cohort are shown in Supplement Figure 3. 

Sensitivity Analysis 

Repeating the analysis with COVID-19+ and non-COVID-19+ deaths yielded 

results similar to the primary analysis with non-COVID-19+ deaths having a hazard ratio 

of 1.35 (95% CI: [1.30, 1.40) for BNT162b2 as compared to mRNA-1273 recipients in 

the matched cohort (Table 4 and Supplement Figure 4). Additional post hoc analysis 

excluding patients with prior SARS-CoV-2 infection showed results similar to the 

primary analysis (Supplement Table 5). Similarly, a post hoc analysis of mortality 

outcomes that adjusted for history of SARS-CoV-2 infection prior to vaccination (any 

infection before the first vaccine dose) showed similar results as the main analysis 
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comorbidities and behaviors, that are not directly controlled for in the matching 

algorithm. There are other studies that also used similar matching between Pfizer 

BNT162b2 and Moderna mRNA-1273 vaccine recipients, based on the data from 

Veteran Affairs (VA) System. These studies used matching based on coarser features 

than the current study but nevertheless, demonstrated that the matched cohorts were 

very similar (balanced) with respect to relevant comorbidities and health behaviors (e.g., 

historical vaccination frequencies), despite not being directly matched on these 

characteristics.[13, 14] This provides reassuring support that the matched Pfizer 

BNT162b2 and Moderna mRNA-1273 cohorts in this study have similar balance. In 

addition, results changed minimally when we adjusted for prior major cardiovascular 

disease hospitalization as a measure of pre-vaccination risk. 

 Additionally, the analysis of negative control outcomes did not demonstrate 

existence of meaningful residual bias, particularly compared to the observed effect size 

of increased mortality risk. In addition, in the current study, the prevalence of SARS-

CoV-2 infection prior to the start of the vaccination campaign was very balanced 

between BNT162b2 and mRNA-1273 recipients, although there was evidence of 

potential small residual imbalance among adults 60 years and older. Further, the 

robustness analysis indicated that only substantial unobserved confounding will undo 

the observed differences in mortality risk between the matched Pfizer BNT162b2 and 

Moderna mRNA-1273 vaccinees. 

Another potential source of confounding could relate to the potential impact of 

subsequent mRNA COVID-19 vaccines doses, including booster doses, and other 

changes in vaccine status. Regarding second doses, 94% of vaccine recipients (93% 
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analysis that considered COVID-19 death as any death that occurred after confirmed 

SARS-CoV-2 infections post first dose of vaccination suggests that protection against 

documented SARS-CoV-2 infections may provide only a partial explanation of the 

findings. While this study and others found that mRNA-1273 was more effective than 

BNT162b2 for COVID-19-related outcomes, it is important to note that other recent 

studies have found the vaccines to have similar effectiveness.[23, 24] However, 

potentially increased effectiveness of mRNA-1273 could explain both early and late 

separation in the curves of COVID-19 mortality. These time points may correspond to 

periods of higher community incidence of SARS-CoV-2 infections, specifically with 

respect to the Alpha variant at the end of 2020 and the Delta variant in the summer of 

2021.  

Different non-specific effects of Pfizer BNT162b2 and Moderna mRNA-1273 

vaccines. The biological mechanisms that may explain a potential difference in overall 

health outcomes after vaccination with BNT162b2 versus mRNA-1273 are still unclear. 

Prior studies that compared non-specific effects of vaccines included vaccines that were 

based on different technologies, for example live and inactivated vaccines. Notably, this 

study considers two vaccines that are based on similar technology, and consequently, 

potentially hypothesized mechanisms are likely to be more nuanced. The two vaccines 

include different quantities of mRNA but there are also differences in the mRNA 

sequences, quality control of the manufacturing process, delivery systems including 

type and quantity of lipid nanoparticles, temperature storage requirements, and 

schedule for administration, in terms of time between the first and second dose.[25, 26] 

There may also be differences related to biodistribution and other pharmacokinetic and 
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Limitations. Because the current study did not include an unvaccinated comparator 

cohort, conclusive interpretability of the findings is limited, as they may represent a 

higher rate of non-specific harm associated with BNT162b2 or a higher rate of non-

specific benefit associated with mRNA-1273. However, the sensitivity analysis that 

considered only deaths that occurred without prior documented infection suggests that if 

such a mechanism exists, it would have to involve a highly nontrivial impact of 

asymptomatic infections. 

Like any observational study, there is always a concern regarding the existence 

of unobserved confounding that could bias the results, such as differences in 

unobserved health-seeking behaviors or clinical status. The study would be 

strengthened by linking to claims data or electronic health records, which could provide 

details about risk factors such as smoking, obesity, and comorbidities, but these data 

were not available. Matching also necessarily reduced the size of the studied 

population, particularly because of the large number of characteristics used to match. It 

is therefore possible that, similar to clinical trials and cohort studies using matching 

procedures, the findings may not generalize to segments of the excluded population. 

While it is possible that the results are generalizable outside of Florida, particularly due 

to their general congruence with findings from Dickerman et al which assessed patients 

in the U.S. Veterans Affairs, a conclusion cannot be reached without analysis of other 

U.S. state-level databases. Some of the health outcomes, such as COVID-19 deaths 

and cardiovascular deaths, could be subject to misclassification due to errors on death 

certificates. In addition, in some clinical scenarios, it may be unclear whether COVID-19 

was the immediate cause of death or exacerbated an underlying condition, and some 





Jo
urn

al 
Pr

e-p
roo

f

Journal Pre-proof 

 

Ethics Approval 

This study was reviewed by the Florida Department of Health institutional review board 

and deemed exempt as public health practice. Data were stored in secure systems in 

accordance with departmental and statutory regulations. 

 

Contributor statement 

RL and JL conceived and designed the study, identified the study population, and 

defined the outcomes, MJ and FM obtained the data. RL, JL, and FM designed the 

study methods. FM conducted the statistical analyses. RL and JL drafted the 

manuscript, which was subsequently reviewed, revised and approved by all authors. RL 

and JL are the guarantors. The corresponding author attests that all listed authors meet 

authorship criteria and that no others meeting the criteria have been omitted.  

 

Funding  

The authors declared no financial support was received for this work 

 

Competing interests  

All authors have completed the ICMJE uniform disclosure form at  

www.icmje.org/coi_disclosure.pdf and declare: MJ, FM, and JL were supported by the 

Florida Department of Health and JL serves as State Surgeon General; RL was a 

member of the Advisory Committee on Immunization Practices (ACIP) and has a 

financial relationship with Bluebell Foundation/Chicago Community Trust; there are no 

other relationships or activities that could appear to have influenced the submitted work. 



Jo
urn

al 
Pr

e-p
roo

f

Journal Pre-proof 

 

'This paper has been uploaded to Medrxiv as a preprint:  

https://www.medrxiv.org/content/10.1101/2025.04.25.25326460v2 

 

Acknowledgement 

We thank Tracy Beth Høeg, MD, PhD for assistance with study method development 

and writing during the early stage of this research. No generative artificial intelligence 

was used in any portion of this manuscript.  





Jo
urn

al 
Pr

e-p
roo

f

Journal Pre-proof   
 

27 
 
 

8. Remschmidt C, Wichmann O, Harder T. Frequency and impact of confounding by 

indication and healthy vaccinee bias in observational studies assessing influenza vaccine 

effectiveness: a systematic review. BMC Infect Dis. 2015 Oct 17;15:429. PMID: 26474974. doi: 

10.1186/s12879-015-1154-y. 

9. Chemaitelly H, Ayoub HH, Coyle P, Tang P, Hasan MR, Yassine HM, et al. Assessing 

healthy vaccinee effect in COVID-19 vaccine effectiveness studies: a national cohort study in 

Qatar. Elife. 2025 Jun 9;14. PMID: 40488740. doi: 10.7554/eLife.103690. 

10. Furst T, Bazalova A, Frycak T, Janosek J. Does the healthy vaccinee bias rule them all? 

Association of COVID-19 vaccination status and all-cause mortality from an analysis of data 

from 2.2 million individual health records. Int J Infect Dis. 2024 May;142:106976. PMID: 

38401782. doi: 10.1016/j.ijid.2024.02.019. 

11. Semenzato L, Le Vu S, Botton J, Bertrand M, Jabagi MJ, Drouin J, et al. COVID-19 

mRNA Vaccination and 4-Year All-Cause Mortality Among Adults Aged 18 to 59 Years in 

France. JAMA Netw Open. 2025 Dec 1;8(12):e2546822. PMID: 41343214. doi: 

10.1001/jamanetworkopen.2025.46822. 

12. Yoshida K, Solomon DH, Kim SC. Active-comparator design and new-user design in 

observational studies. Nat Rev Rheumatol. 2015 Jul;11(7):437-41. PMID: 25800216. doi: 

10.1038/nrrheum.2015.30. 

13. Dickerman BA, Madenci AL, Gerlovin H, Kurgansky KE, Wise JK, Figueroa Muniz MJ, et 

al. Comparative Safety of BNT162b2 and mRNA-1273 Vaccines in a Nationwide Cohort of US 

Veterans. JAMA Intern Med. 2022 Jul 1;182(7):739-46. PMID: 35696161. doi: 

10.1001/jamainternmed.2022.2109. 

14. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito BR, Figueroa Muniz 

MJ, et al. Comparative Effectiveness of BNT162b2 and mRNA-1273 Vaccines in U.S. Veterans. 

N Engl J Med. 2022 Jan 13;386(2):105-15. PMID: 34942066. doi: 10.1056/NEJMoa2115463. 



Jo
urn

al 
Pr

e-p
roo

f

Journal Pre-proof   
 

28 
 
 

15. About Florida SHOTS | Florida SHOTS. Available from: https://flshotsusers.com/about. 

16. Confidential Data Requests for Research | Florida Department of Health. Available from: 

https://www.floridahealth.gov/statistics-and-data/data-and-statistics/index.html. 

17. Thomas SJ, Moreira ED, Jr., Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety 

and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine through 6 Months. N Engl J Med. 2021 

Nov 4;385(19):1761-73. PMID: 34525277. doi: 10.1056/NEJMoa2110345. 

18. El Sahly HM, Baden LR, Essink B, Doblecki-Lewis S, Martin JM, Anderson EJ, et al. 

Efficacy of the mRNA-1273 SARS-CoV-2 Vaccine at Completion of Blinded Phase. N Engl J 

Med. 2021 Nov 4;385(19):1774-85. PMID: 34551225. doi: 10.1056/NEJMoa2113017. 

19. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for detecting 

confounding and bias in observational studies. Epidemiology. 2010 May;21(3):383-8. PMID: 

20335814. doi: 10.1097/EDE.0b013e3181d61eeb. 

20. Liu W, Kuramoto SJ, Stuart EA. An introduction to sensitivity analysis for unobserved 

confounding in nonexperimental prevention research. Prev Sci. 2013 Dec;14(6):570-80. PMID: 

23408282. doi: 10.1007/s11121-012-0339-5. 

21. Fast HE, Zell E, Murthy BP, Murthy N, Meng L, Scharf LG, et al. Booster and Additional 

Primary Dose COVID-19 Vaccinations Among Adults Aged >/=65 Years - United States, August 

13, 2021-November 19, 2021. MMWR Morb Mortal Wkly Rep. 2021 Dec 17;70(50):1735-9. 

PMID: 34914672. doi: 10.15585/mmwr.mm7050e2. 

22. Mbaeyi S, Oliver SE, Collins JP, Godfrey M, Goswami ND, Hadler SC, et al. The 

Advisory Committee on Immunization Practices' Interim Recommendations for Additional 

Primary and Booster Doses of COVID-19 Vaccines - United States, 2021. MMWR Morb Mortal 

Wkly Rep. 2021 Nov 5;70(44):1545-52. PMID: 34735422. doi: 10.15585/mmwr.mm7044e2. 



Jo
urn

al 
Pr

e-p
roo

f

Journal Pre-proof   
 

29 
 
 

23. Abdul Aziz N, Kirsebom FCM, Allen A, Andrews N. Effectiveness of spring 2024 

(XBB.1.5) and autumn 2024 (JN.1) COVID-19 vaccination against hospitalisation in England. 

Vaccine. 2025 Nov 20;67:127870. PMID: 41135289. doi: 10.1016/j.vaccine.2025.127870. 

24. Syed AA, Eqbal F, Shamsi HR, Syed ARS, Zakir SJ, Fawzy M, et al. Comparative 

effectiveness of three common SARS-COV-2 vaccines: A network meta-analysis of randomized 

trials. Semergen. 2025 Mar;51(2):102343. PMID: 39615116. doi: 

10.1016/j.semerg.2024.102343. 

25. Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC. COVID-19 vaccines: comparison of 

biological, pharmacological characteristics and adverse effects of Pfizer/BioNTech and Moderna 

Vaccines. Eur Rev Med Pharmacol Sci. 2021 Feb;25(3):1663-9. PMID: 33629336. doi: 

10.26355/eurrev_202102_24877. 

26. Buschmann MD, Carrasco MJ, Alishetty S, Paige M, Alameh MG, Weissman D. 

Nanomaterial Delivery Systems for mRNA Vaccines. Vaccines (Basel). 2021 Jan 19;9(1). PMID: 

33478109. doi: 10.3390/vaccines9010065. 

27. Canada H. Moderna Spikevax COVID-19 vaccine. [education and awareness] 2020 

[updated 2020/12/23/]; Available from: https://www.canada.ca/en/health-canada/services/drugs-

health-products/covid19-industry/drugs-vaccines-treatments/vaccines/moderna.html. 

28. Canada H. Pfizer-BioNTech Comirnaty COVID-19 vaccine. [education and awareness] 

2020 [updated 2020/12/09/]; Available from: https://www.canada.ca/en/health-

canada/services/drugs-health-products/covid19-industry/drugs-vaccines-

treatments/vaccines/pfizer-biontech.html. 

29. Ioannou GN, Locke ER, Green PK, Berry K. Comparison of Moderna versus Pfizer-

BioNTech COVID-19 vaccine outcomes: A target trial emulation study in the U.S. Veterans 

Affairs healthcare system. EClinicalMedicine. 2022 Mar;45:101326. PMID: 35261970. doi: 

10.1016/j.eclinm.2022.101326. 







Jo
urn

al 
Pr

e-p
roo

f

Journal Pre-proof   
 

32 
 
 

receiving a first dose of either the BNT162b2 or mRNA-1273 COVID-19 vaccine between 
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Figure 2. Cumulative incidence of all-cause, cardiovascular, COVID-19, and non-COVID-19 mortality in matched 

cohort. 
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 Note: The cumulative incidence up to 365 days after the First dose of vaccine for all cause, cardiovascular, COVID-19, 

and non-COVID-19 are shown in the top left, top right, bottom left, and bottom right panels, respectively. Cumulative 

incidence was calculated using Kaplan Meier method and the follow-up ended either at the date of death or end of study 

observation period (365 days from first dose of vaccine). For cause-specific cumulative incidence, deaths from all other 

causes were censored at the time of death.   
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 Full cohort  Matched cohort  

Variables 
BNT162

b2 
 N (%) 

mRNA-
1273 N 

(%) 
Total N 

(%) 

Stand
ardize

d 
Differe

nce 

BNT162
b2 

 N (%) 

mRNA-
1273 
N (%) 

Total N 
(%) 

Stand
ardize

d 
Differe

nce 

CHD OR DOH 
1,049,2

92 
(16.0) 

826,335 
(17.5) 

1,875,62
7 (16.6)   115,927 

(11.8) 
115,927 

(11.8) 
231,854 

(11.8)  

Doctor's clinic 
1,235,1

08 
(18.8) 

469,804 
(10.0) 

1,704,91
2 (15.1)   158,314 

(16.1) 
158,314 

(16.1) 
316,628 

(16.1)  

Fire Rescue Or EMS 347,376 
(5.3) 

104,593 
(2.2) 

451,969 
(4.0)   16,350 

(1.7) 
16,350 

(1.7) 
32,700 

(1.7)  

FQHC OR RHC OR 
CHC 

237,351 
(3.6) 

186,131 
(4.0) 

423,482 
(3.8)   13,488 

(1.4) 
13,488 

(1.4) 
26,976 

(1.4)  

Hospital Clinic 446,202 
(6.8) 

366,792 
(7.8) 

812,994 
(7.2)   52,674 

(5.4) 
52,674 

(5.4) 
105,348 

(5.4)  

Hospital ER 42,689 
(0.7) 

83,983 
(1.8) 

126,672 
(1.1)   2,945 

(0.3) 
2,945 
(0.3) 

5,890 
(0.3)  

Other Pharmacies 188,232 
(2.9) 

556,815 
(11.8) 

745,047 
(6.6)   40,756 

(4.2) 
40,756 

(4.2) 
81,512 

(4.2)  

Others Or Misc. 388,330 
(5.9) 

335,533 
(7.1) 

723,863 
(6.4)   91,400 

(9.3) 
91,400 

(9.3) 
182,800 

(9.3)  

Publix, CVS, or 
Walgreens 

2,640,6
26 

(40.2) 

1,783,14
1 (37.8) 

4,423,76
7 (39.2)   489,557 

(49.9) 
489,557 

(49.9) 
979,114 

(49.9)  

Month of receiving 
COVID-19 Vaccine 

Dose 1 
   0.28    0.0 

Dec 127,641 
(1.9) 

118,059 
(2.5) 

245,700 
(2.2)   9,920 

(1.0) 
9,920 
(1.0) 

19,840 
(1.0)  

Jan 
736,922 

(11.2) 
797,497 

(16.9) 
1,534,41
9 (13.6)   143,684 

(14.6) 
143,684 

(14.6) 
287,368 

(14.6)  

Feb 
628,580 

(9.6) 
648,219 

(13.8) 
1,276,79
9 (11.3)   87,037 

(8.9) 
87,037 

(8.9) 
174,074 

(8.9)  

Mar 

1,609,5
63 

(24.5) 

1,195,63
8 (25.4) 

2,805,20
1 (24.9)   295,057 

(30.1) 
295,057 

(30.1) 
590,114 

(30.1)  

Apr 

1,463,6
65 

(22.3) 

900,505 
(19.1) 

2,364,17
0 (20.9)   211,246 

(21.5) 
211,246 

(21.5) 
422,492 

(21.5)  

May 
585,561 

(8.9) 
349,067 

(7.4) 
934,628 

(8.3)   66,581 
(6.8) 

66,581 
(6.8) 

133,162 
(6.8)  

Jun 
359,369 

(5.5) 
138,060 

(2.9) 
497,429 

(4.4)   24,830 
(2.5) 

24,830 
(2.5) 

49,660 
(2.5)  

Jul 
454,750 

(6.9) 
215,792 

(4.6) 
670,542 

(5.9)   48,517 
(4.9) 

48,517 
(4.9) 

97,034 
(4.9)  

Aug 
609,155 

(9.3) 
350,290 

(7.4) 
959,445 

(8.5)   94,539 
(9.6) 

94,539 
(9.6) 

189,078 
(9.6)  

SVI Score          

Overall (Median (IQR)) 

46.9 
(25.0, 
71.8) 

43 (20.6, 
66.4) 

 46.3 
(23.3, 
69.6) 

0.15 
42.4 

(20.3, 
62.6) 

42.4 
(20.3, 
62.6) 

42.4 
(20.3, 
62.6) 

0.0 

Socioeconomic status 
(Median (IQR)) 

45.3 
(22.8, 
68.9) 

42.9 
(20.6, 
65.8) 

44.4 
(21.8, 
67.6) 

0.07 
41.2 

(19.1, 
60.5) 

41.2 
(19.1, 
60.5) 

41.2 
(19.1, 
60.5) 

0.0 
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 Full cohort  Matched cohort  

Variables 
BNT162

b2 
 N (%) 

mRNA-
1273 N 

(%) 
Total N 

(%) 

Stand
ardize

d 
Differe

nce 

BNT162
b2 

 N (%) 

mRNA-
1273 
N (%) 

Total N 
(%) 

Stand
ardize

d 
Differe

nce 
Housing and 
transportation (Median 
(IQR)) 

47.4 
(24.3, 
72.5) 

44.1 (21, 
69.2) 

47.1 
(22.9, 
71.8) 

0.11 
44.3 

(20.4, 
65.9) 

44.3 
(20.4, 
65.9) 

44.3 
(20.4, 
65.9) 

0.0 

Notes: Q1= 25th percentile, Q3= 75th percentile, CHD = County Health Department, DOH = Department of Health, 
EMS= Emergency Medical Services, Hospital ER = Hospital Emergency Room, FQHC = Federally Qualified Health 
Center, CHC = Community health Center, RHC = Rural Health Clinic    
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Table 2. All-cause, Cardiovascular (CV), COVID-19, non-COVID-19, Suicide or 

Homicide, and Cancer mortality in matched and full cohorts over 12 months.  

 All-causes Cardiovascul
ar COVID-19 non-COVID-

19 
Suicide or 
Homicide 

Canc
er 

 N (%) N (%) N (%) N (%) N (%) N (%) 

Full cohort 114,265 
(1.01) 34,918 (0.31) 8,455 

(0.07) 
105,810 
(0.94) 1,514 (0.01) 

24,02
1 

(0.21) 
Matched 
cohort 

13,209 
(0.67) 3,639 (0.19) 921 (0.05) 12,288 

(0.63) 224 (0.01) 3,204 
(0.16) 
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