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Background: The safety of COVID-19 vaccines plays an important role in addressing vaccine hesitancy.
We conducted a large cohort study to evaluate the risk of non-COVID-19 mortality after COVID-19 vac-
cination while adjusting for confounders including individual-level demographics, clinical risk factors,
health care utilization, and community-level socioeconomic risk factors.
Methods: The retrospective cohort study consisted of members from seven Vaccine Safety Datalink sites
from December 14, 2020 through August 31, 2021. We conducted three separate analyses for each of the
three COVID-19 vaccines used in the US. Crude non-COVID-19 mortality rates were reported by vaccine
type, age, sex, and race/ethnicity. The counting process model for survival analyses was used to analyze
non-COVID-19 mortality where a new observation period began when the vaccination status changed
upon receipt of the first dose and the second dose. We used calendar time as the basic time scale in sur-
vival analyses to implicitly adjust for season and other temporal trend factors. A propensity score
approach was used to adjust for the potential imbalance in confounders between the vaccinated and
comparison groups.
Results: For each vaccine type and across age, sex, and race/ethnicity groups, crude non-COVID-19 mor-
tality rates among COVID-19 vaccinees were lower than those among comparators. After adjusting for
confounders with the propensity score approach, the adjusted hazard ratios (aHRs) were 0.46 (95% con-
fidence interval [CI], 0.44-0.49) after dose 1 and 0.48 (95% CI, 0.46-0.50) after dose 2 of the BNT162b2
vaccine, 0.41 (95% CI, 0.39-0.44) after dose 1 and 0.38 (95% CI, 0.37-0.40) after dose 2 of the mRNA-
1273 vaccine, and 0.55 (95% CI, 0.51-0.59) after receipt of Ad26.COV2.S.
Conclusion: While residual confounding bias remained after adjusting for several individual-level and
community-level risk factors, no increased risk was found for non-COVID-19 mortality among recipients
of three COVID-19 vaccines used in the US.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Four COVID-19 vaccines have been authorized in the United
States since December 14, 2020. The two mRNA COVID-19 vacci-
nes, BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna),
have been widely used while the adenoviral vector vaccine,
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Ad26.COV2.S (Janssen), has been available but used more sparingly
compared to the mRNA vaccines. NVX-CoV2373 (Novavax) was
authorized in the United States in July 2022, after the study period.

BNT162b2 and mRNA-1273 were initially authorized as a 2-
dose primary series, and Ad26.COV2.S as a 1-dose primary series.
[1-4] Clinical trials showed that the three COVID-19 vaccines
(mRNA vaccines and Ad26.COV2.S) were well-tolerated with local
and systemic reactions such as injection site pain, fever, chills,
muscle aches, joint pain, and headache commonly noted.[5-7]
Post-emergency use authorization observational studies showed
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associations with some rare, clinically serious adverse events such
as myocarditis or pericarditis following mRNA COVID-19 vaccina-
tion, Guillain-Barré Syndrome following Ad26.COV2.S vaccina-
tion,[8-13] and thrombosis with thrombocytopenia syndrome
following Ad26.COV2.S vaccination.[7,14].

Several studies have examined mortality risk after COVID-19
vaccination, although they had limited sample size, were restricted
to specialized populations (e.g., nursing home residents), lacked a
comparison group, or did not comprehensively adjust for con-
founders. A moderate-sized cohort study of 21,222 nursing home
residents compared all-cause mortality between COVID-19 mRNA
vaccinees and unvaccinated residents and found that vaccinees
had lower all-cause mortality after adjusting for some con-
founders.[15] A longitudinal study compared mortality rates over
time among vaccinated patients in the U.S. Veterans Affairs health
system with no history of COVID-19 and found no evidence of
excess mortality associated with receipt of mRNA vaccines.[16]
Preliminary results in a large cohort study showed that COVID-
19 vaccine recipients had lower rates of non-COVID-19 mortality
than did unvaccinated comparators after adjusting for age, sex,
race/ethnicity, and study site,[17] suggesting possible effects of
unmeasured confounders and healthy vaccinee effects (i.e., vacci-
nated persons tend to be healthier than unvaccinated persons).
[18,19].

This study aimed to evaluate the risk of non-COVID-19 mortal-
ity after COVID-19 vaccination in a large cohort of individuals
using survival analyses and an improved inverse probability of
treatment weighting (IPTW) approach to adjust for confounders
including individual-level demographics, clinical risk factors,
health care utilization, and community-level socioeconomic risk
factors. We hypothesized that COVID-19 vaccines do not increase
the risk for non-COVID-19 mortality despite their association with
some rare severe adverse events.

2. Methods
2.1. Study design and population

We conducted a retrospective cohort study among health plan
members aged > 12 years enrolled in seven Vaccine Safety Data-
link (VSD) sites (Kaiser Permanente [KP] Southern California, KP
Northern California, KP Colorado, KP Northwest, KP Washington,
HealthPartners, and Marshfield Clinic). The VSD population is
socio-economically diverse and represents about 3% of the U.S.
population.[20] Vaccination status was assessed from December
14, 2020 through June 30, 2021, and deaths were assessed until
August 31, 2021 to allow at least two months of follow-up.
Follow-up was censored upon any COVID-19 vaccination between
July 1, 2021 and August 31, 2021.

2.2. Exposure

The exposure was vaccination with one of three authorized
COVID-19 vaccines: BNT162b2, mRNA-1273, and Ad26.COV2.S.
Three separate analyses were conducted for each of the three vac-
cines with separate comparator groups. We performed weekly fre-
quency matching on age and sex within each VSD site.[17] For a
given week and a pre-specified matching ratio, COVID-19 vaccine
recipients of dose 1 during the week were identified and their vac-
cination dates were used to assign index dates to comparators who
had not been vaccinated as of that date and were randomly
selected according to the matching ratio. We allowed those com-
parators who were matched in a previous week to switch to being
vaccinated upon receiving a COVID-19 vaccine. The matched “com-
parators” thus included both pre-vaccination person-time among

845

Vaccine 41 (2023) 844-854

COVID-19 vaccinees as well as unvaccinated person-time of indi-
viduals who did not receive any COVID-19 vaccines by June 30,
2021.

For the mRNA vaccines, individuals who received the vaccines
from December 14, 2020 through June 30, 2021 were included in
the vaccinated group. The weekly frequency matching ratio of vac-
cinated individuals and comparators was about 1:1. Exposure had
three levels: pre-vaccination, after dose 1 and after dose 2. For
Ad26.COV2.S recipients, individuals who received the vaccine from
February 27, 2021 through June 30, 2021 were included in the vac-
cinated group, and the matching ratio was 1:4. Exposure had two
levels: pre-vaccination and after dose 1.

Individuals were followed until death, disenrollment, receipt of
a COVID-19 vaccine for unvaccinated comparators, or the end of
follow-up (August 31, 2021), whichever occurred first. When indi-
viduals received different vaccine products for dose 1 versus dose
2, their follow-up was censored upon receipt of the second mis-
matched dose. To be included in this study, individuals were
required to have > 1 year enrollment in the health system before
their index dates for their confounders to be properly measured.
To increase comparability of health care-seeking behavior between
COVID-19 vaccinated and unvaccinated individuals, we required
that comparators had received > 1 dose of influenza vaccine in
the two years prior to the index date.

2.3. Outcomes

Since this was a safety study of COVID-19 vaccines, the primary
outcome was non-COVID-19-associated death during follow-up, as
COVID-19 vaccination was expected to be protective against
COVID-19-associated death. We first identified deaths through
VSD data files capturing hospital deaths and deaths reported to
health plans, and then excluded deaths occurring < 30 days follow-
ing a COVID-19 diagnosis or a positive SARS-CoV-2 test. Secondary
outcomes included 30-day non-COVID-19 mortality in which
follow-up was censored 30 days after the index date, and all-
cause mortality which included deaths from all causes including
COVID-19.

2.4. Confounders

We considered individual-level confounders including age, sex,
race/ethnicity, Medicaid status, history of COVID-19, number of
combined outpatient and virtual visits within one year prior to
the index date, inpatient visit (yes/no) within one year prior to
the index date, Emergency Department (ED) visit (yes/no) within
one year prior to the index date, inpatient or ED visit within 7 days
prior to the index date (yes/no), presence of frailty measured
within one year prior to the index date (yes if frailty
index > 0.11; no, otherwise),[21] Charlson Comorbidity Index
(CCI) within one year prior to the index date, receipt of another
vaccine within 14 days before or after the index date, neighbor-
hood median household income, and neighborhood education
level. Healthcare Common Procedure Coding System (HCPCS)
codes that were used in the development of frailty scores were
not available in this study, resulting in lower frailty scores. There-
fore, we chose a frailty score of 0.11 as the cut-off for the presence
of frailty. Neighborhood-level education was defined as < 50%
or > 50% of the neighborhood attaining > high school education.

2.5. Statistical analyses

For each vaccine type and dose and comparator group, crude
non-COVID-19 mortality rates per 100 person-years were calcu-
lated as (number of non-COVID-19 deaths/person-years) x 100.
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To reduce confounding bias in this observational study, we
employed a propensity score weighting approach to adjust for
the potential imbalance in confounders between the vaccinated
and the comparison groups.[22,23]| Separate propensity score
models were created for the three vaccine cohorts. For the two
mRNA vaccines, we fit a multinomial model because the depen-
dent variable in the propensity score model, COVID-19 vaccination,
had three levels.[24] For Ad26.COV2.S, we fit a logistic regression
model because the dependent variable, COVID-19 vaccination,
had two levels. Based on the propensity score models we calcu-
lated stabilized weights (SW),[25] an improved inverse probability
weighting approach in survival analyses. SWs not only reduce the
impact of some extreme weights but also preserve the original
sample size.[26] Balance in measured confounders between vacci-
nated and comparison groups was assessed with absolute stan-
dardized mean differences (SMD) before and after applying SWs.
An absolute standardized mean difference of <0.10 indicated good
confounder balance.[27].

The counting process model for survival analyses was used. A
new observation period began when the vaccination status chan-
ged upon receipt of the first dose and the second dose.[28,29]
We used calendar time as the basic time scale in survival analyses
to implicitly adjust for season and other temporal trend factors.
[30] We estimated both unadjusted and SW-adjusted hazard ratios
(aHR) and 95% confidence intervals (CI) of vaccination effects on
non-COVID-19 mortality, 30-day non-COVID-19 mortality, and
all-cause mortality.

To detect possible bias from inadequate confounding adjust-
ment, we also conducted exploratory negative control outcome
analyses [31] separately for each of the three COVID-19 vaccines
in which we replaced the outcome of death with first occurrence
of trauma or injury hospitalization during the exposure follow-
up period (i.e., vaccinated or unvaccinated). We hypothesize that
the negative control outcome, hospitalization for trauma or injury,
shares the same potential sources of bias with our primary out-
come (death) but cannot plausibly be related to COVID-19 vaccina-
tion.[18,32] Trauma or injury hospitalizations were identified with
the following ICD-10 codes: SO0-T88 for injury, poisoning and cer-
tain other consequences of external causes, and V00-Y99 for exter-
nal causes of morbidity.[33] A similar analytic approach as for the
primary outcome (death) was used in the negative control out-
come analyses. SWs were estimated from propensity score models
where the same covariates for the primary outcome were included,
and the receipt of COVID-19 vaccination was the dependent vari-
able. We analyzed time since the calendar date of receiving the
first dose among vaccinees or the corresponding index date among
comparators to an incident trauma or injury hospitalization during
the exposure follow-up period with and without applying SWs.

3. Results

3.1. Characteristics of COVID-19 vaccine recipients and their
comparators

In total, 6,974,817 unique individuals (vaccinated and unvacci-
nated) were included in the study, with 5,107,262 unique individ-
uals for analyses of BNT162b2, 4,037,724 unique individuals for
analyses of mRNA-1273, and 1,510,652 unique individuals for
analyses of Ad26.COV2.S. Some comparators appeared in more
than one analytic cohort. By June 30, 2021, 3.3 million individuals
in the study received at least one dose of BNT162b2, and 93.4% of
them received two doses (Table 1); 2.4 million individuals received
at least one dose of mRNA-1273, and 95.0% of them received two
doses (Table 2). There were 331,282 individuals who received
Ad26.COV2.S by June 30, 2021 (Table 3). Across vaccine types
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and doses, vaccine recipients and their comparator groups were
comparable, with a few minor differences between groups
(SMD greater than 0.10). However, application of SWs to the
cohorts reduced the absolute SMD for all confounders to below
0.01 (Fig. 1).

The composition, sample sizes, and person-years of the study
population are presented in Supplemental Table 1 after allowing
unvaccinated comparators to switch to being vaccinated upon
receiving a COVID-19 vaccine. Compared to vaccinated individuals,
the average of follow-up among comparators was shorter mainly
due to censoring upon receipt of a COVID-19 vaccine. The ratios
of sample size of those who were ever vaccinated to those never
vaccinated as of June 30, 2021 were 3,281,777: 902,814 = 1:0.28
for BNT162b2, 2,393,784: 676,955 = 1:0.28 for mRNA-1273, and
331,282: 523,615 = 1:1.6 for Ad26.COV2.S.

3.2. Crude mortality rates

Across vaccine types and doses, the crude non-COVID-19 mor-
tality rates in vaccine recipients were lower than those in the cor-
responding comparator group. For BNT162b2, the crude non-
COVID-19 mortality rates were 0.76 and 0.66 per 100 person-
years for dose 1 and dose 2, respectively, while the comparator
group had a crude mortality rate of 1.76 per 100 person-years
(Table 4). For mRNA-1273, the crude non-COVID-19 mortality rates
were 0.76 and 0.67 per 100 person-years for dose 1 and dose 2,
respectively, versus 2.04 in the comparator group (Table 5).
Ad26.COV2.S recipients had a crude mortality rate of 0.82 per
100 person-years, versus 1.58 in the comparator group (Table 6).

3.3. Primary and secondary analyses

For each vaccine type, unadjusted HRs of non-COVID-19 mortal-
ity were significantly below 1, demonstrating reduced mortality in
the vaccinated group (Table 7). Adjusting for confounders with the
propensity score approach resulted in slight increases in the aHRs,
but no overall change in direction or magnitude of the effect. For
the BNT162b2 vaccine, the aHRs were 0.46 (95% CI, 0.44-0.49)
after dose 1 and 0.48 (95% CI, 0.46-0.50) after dose 2. For the
mRNA-1273 vaccine, the aHRs were 0.41 (95% CI, 0.39-0.44) after
dose 1 and 0.38 (95% CI, 0.37-0.40) after dose 2. The aHR was 0.55
(95% (I, 0.51-0.59) following receipt of Ad26.COV2.S.

Across vaccine types and doses, aHRs of 30-day non-COVID-19
mortality and of all-cause mortality were lower than those from
the analyses of non-COVID-19 mortality (Table 7).

3.4. Exploratory negative control outcome analyses

Compared to unvaccinated comparators, the aHR for trauma or
injury hospitalization after receipt of BNT162b2 and mRNA-1273
was 1.06 (95% CI, 1.02-1.10) and 1.08 (95% CI, 1.04-1.12), respec-
tively; the aHR for Ad26.COV2.S was 0.93 (95% CI, 0.85-1.00)
(Table 8).

4. Discussion

In this study of more than 6 million recipients of COVID-19 vac-
cines and their unvaccinated comparators, we found that recipi-
ents of BNT162b2, mRNA-1273, and Ad26.COV2.S vaccines had
lower non-COVID-19 mortality risk than their comparator groups.
For mRNA vaccines, the aHRs of dose 1 and dose 2 ranged from
0.38 to 0.48. These primary analysis findings of no increased mor-
tality risk among COVID-19 vaccine recipients are consistent with
existing knowledge about mortality risk after COVID-19 vaccina-
tion.[15-17] The aHRs of all-cause mortality were lower than those
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Table 1

Characteristics of BNT162b2 recipients and their comparators during the period from December 14, 2020 to June 30, 2021.

Vaccine 41 (2023) 844-854

BNT162b2 recipients, no. (%)

Comparison group”, no. (%)

Dose 1 Dose 2
Total 3,281,777 (100.0) 3,066,574 (100.0) 3,019,838 (100.0)
Age (years)"
12-17 364,257 (11.1) 307,340 (10.0) 325,120 (10.8)
18-44 1,176,050 (35.8) 1,089,035 (35.5) 1,093,983 (36.2)
45-64 1,016,110 (31.0) 963,741 (31.4) 905,385 (30.0)
65-74 428,127 (13.0) 415,983 (13.6) 407,341 (13.5)
75-84 218,071 (6.6) 213,569 (7.0) 210,658 (7.0)
85+ 79,162 (2.4) 76,906 (2.5) 77,351 (2.6)
Sex'
Female 1,776,526 (54.1) 1,663,975 (54.3) 1,672,856 (55.4)
Male 1,505,251 (45.9) 1,402,599 (45.7) 1,346,982 (44.6)
Race/ethnicity
Hispanic 732,464 (22.3) 667,054 (21.8) 769,843 (25.5)

Non-Hispanic White

Non-Hispanic Asian

Non-Hispanic Black

Missing

Multiple/Other

Number of outpatient and virtual visits in 1 year prior to index date
0

1-4

5-9

10+

Had inpatient visit in 1 year prior to index date

No

Yes

Had Emergency Department visit in 1 year prior to index date
No

Yes

Had inpatient or Emergency Department visit within 7 days prior to index date
No

Yes

Medicaid enrollment in 2019

No

Yes

Receipt of another vaccine within 14 days before or after index date
No

Yes

Neighborhood median household income

<$40,000

$40,000-$59,999

$60,000-$79,999

$80,000-$99,999

$100,000+

Missing

Charlson Comorbidity Index in 1 year prior to index date
0

1-2

3+

Frailty score in 1 year prior to index date

<0.11

>0.11

Incident COVID-19 diagnosis/lab test before index date
No

Yes

Neighborhood-level education

<high school

>high school

Missing

1,419,254 (43.2)
553,048 (16.9)
175,110 (5.3)
252,620 (7.7)
149,281 (4.5)

569,221 (17.3)
1,294,871 (39.5)
763,240 (23.3)
654,445 (19.9)

3,075,590 (93.7)
206,187 (6.3)

2,866,722 (87.4)
415,055 (12.6)

3,265,317 (99.5)
16,460 (0.5)

3,075,661 (93.7)
206,116 (6.3)

3,262,268 (99.4)
19,509 (0.6)

141,861 (4.3)
563,553 (17.2)
775,073 (23.6)
686,974 (20.9)
1,071,901 (32.7)
42,415 (1.3)

2,446,561 (74.5)
564,342 (17.2)
270,874 (8.3)

3,208,658 (97.8)
73,119 (2.2)

3,069,217 (93.5)
212,560 (6.5)

562,993 (17.2)
2,676,180 (81.5)
42,604 (1.3)

1,347,867 (44.0)
522,556 (17.0)
159,656 (5.2)
230,718 (7.5)
138,723 (4.5)

410,690 (13.4)
1,246,752 (40.7)
756,151 (24.7)
652,981 (21.3)

2,874,205 (93.7)
192,369 (6.3)

2,677,917 (87.3)
388,657 (12.7)

3,050,558 (99.5)
16,016 (0.5)

2,884,031 (94.0)
182,543 (6.0)

3,051,535 (99.5)
15,039 (0.5)

128,552 (4.2)
517,023 (16.9)
720,936 (23.5)
643,751 (21.0)
1,016,800 (33.2)
39,512 (1.3)

2,269,703 (74.0)
535,881 (17.5)
260,990 (8.5)

2,997,403 (97.7)
69,171 (2.3)

2,867,240 (93.5)
199,334 (6.5)

510,978 (16.7)
2,515,919 (82.0)
39,677 (1.3)

1,333,749 (44.2)
437,603 (14.5)
172,106 (5.7)
173,204 (5.7)
133,333 (44)
391,313 (13.0)
1,183,465 (39.2)
797,355 (26.4)
647,705 (21.4)

2,776,341 (91.9)
243,497 (8.1)

2,562,418 (84.9)
457,420 (15.1)

2,992,835 (99.1)
27,003 (0.9)

2,747,252 (91.0)
272,586 (9.0)

2,958,648 (98.0)
61,190 (2.0)

157,358 (5.2)
588,752 (19.5)
745,303 (24.7)
620,156 (20.5)
864,108 (28.6)
44,161 (1.5)

2,160,227 (71.5)
569,323 (18.9)
290,288 (9.6)

2,943,815 (97.5)
76,023 (2.5)

2,772,957 (91.8)
246,881 (8.2)

614,676 (20.4)
2,360,727 (78.2)
44,435 (1.5)

¥ The matched comparators included both pre-vaccination person-time among COVID-19 vaccinees as well as unvaccinated person-time of individuals who did not receive

any COVID-19 vaccines by June 30, 2021.
€ Frequency matching variable.

from the analyses of non-COVID-19 mortality, likely due to the
protection of COVID-19 vaccines against COVID-19 infection, sev-
ere illness, and deaths. The findings suggested some all-cause mor-
tality benefit of COVID-19 vaccines for unknown causes in addition
to their known protection against COVID-19 infection, severity of
the disease and death. While previous studies have suggested that
live attenuated vaccines may be associated with lower risk of non-
vaccine-targeted infections,[34-36] it is unclear whether trained
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immunity might also be induced by mRNA and adenoviral vector
COVID-19 vaccines. If so, such non-specific protection against
heterologous infection could lead to decreased mortality due to
non-COVID-19 causes.

A recent study in Hungary demonstrated the effectiveness of
COVID-19 vaccination in reducing all-cause mortality after adjust-
ing for measured confounders and potential healthy vaccinee effect
when compared to unvaccinated individuals.[37] A VSD study
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Table 2

Vaccine 41 (2023) 844-854

Characteristics of mRNA-1273 recipients and their comparators during the study from December 14, 2020 to June 30, 2021.

mRNA-1273 recipients, no. (%) Comparison group”, no. (%)

Dose 1

Dose 2

Total
Age (years)"
18-44
45-64
65-74
75-84
85+
Sex®

Female

Male

Race/ethnicity

Hispanic

Non-Hispanic White

Non-Hispanic Asian

Non-Hispanic Black

Missing

Multiple/Other

Number of outpatient and virtual visits in 1 year prior to index date

0

1-4

5-9

10+

Had inpatient visit in 1 year prior to index date

No

Yes

Had Emergency Department visit in 1 year prior to index date

No

Yes

Had inpatient or Emergency Department visit within 7 days prior to index date
No

Yes

Medicaid enrollment in 2019

No

Yes

Receipt of another vaccine within 14 days before or after index date

No

Yes

Neighborhood median household income

<$40,000

$40,000-$59,999

$60,000-$79,999

$80,000-$99,999

$100,000+

Missing

Charlson Comorbidity Index in 1 year prior to index date

0

1-2

3+

Frailty score in 1 year prior to index date

<0.11

>0.11

Incident COVID-19 diagnosis/lab test before index date

No

Yes

Neighborhood-level education

<high school

>high school

Missing

2,393,784 (100.0)

825,774
849,745

(34.5)

(
437,465 (

(8.

2

345
35.5)
18.3)
213,918 (8.9)
66,882 (2.8)

1,305,698 (54.5)
1,088,086 (45.5)

560,236 (23.4)
1,085,612 (45.4)
343,451 (14.3)
137,479 (5.7)
163,089 (6.8)
103,917 (4.3)

349,156
881,265
647,182
516,181

14.6)
36.8)
27.0)
21.6)

2,224,639 (92.9)
169,145 (7.1)

2,058,786 (86.0)
334,998 (14.0)

2,381,537 (99.5)
12,247 (0.5)

2,264,951 (94.6)
128,833 (5.4)

2,382,043 (99.5)
11,741 (0.5)

120,048 (5.0)
460,540 (19.2)
593,354 (24.8)
505,885 (21.1)
682,916 (28.5)
31,041 (1.3)

1,633,820 (68.3)
496,513 (20.7)
263,451 (11.0)

2,329,733 (97.3)
64,051 (2.7)

2,226,925 (93.0)
166,859 (7.0)

462,407 (19.3)
1,900,073 (79.4)
31,304 (1.3)

2,274,079 (100.0)

764,853 (33.6)
809,990 (35.6)
424,837 (18.7)
209,339 (9.2)
65,060 (2.9)

1,244,432 (54.7)
1,029,647 (45.3)

525,531 (23.1)
1,040,255 (45.7)
329,430 (14.5)
128,875 (5.7)
151,443 (6.7)
98,545 (4.3)

234,730 (10.3)
862,508 (37.9)
653,009 (28.7)
523,832 (23.0)

2,114,772 (93.0)
159,307 (7.0)

1,956,838 (86.0)
317,241 (14.0)

2,261,038 (99.4)
13,041 (0.6)

2,154,562 (94.7)
119,517 (5.3)

2,266,083 (99.6)
7,996 (0.4)

111,980 (4.9)
433,884 (19.1)
562,006 (24.7)
481,953 (21.2)
654,963 (28.8)
29,293 (1.3)

1,544,175 (67.9)
475,844 (20.9)
254,060 (11.2)

2,213,223 (97.3)
60,856 (2.7)

2,113,743 (92.9)
160,336 (7.1)

433,417 (19.1)
1,811,117 (79.6)
29,545 (1.3)

2,360,007 (100.0)

823,644 (34.9)
845,919 (35.8)
413,925 (17.5)
209,650 (8.9)
66,869 (2.8)

1,287,818 (54.6)
1,072,189 (45.4)

594,930 (25.2)
1,072,255 (45.4)
322,237 (13.7)
139,891 (5.9)
130,782 (5.5)
99,912 (4.2)

283,802 (12.0)
871,239 (36.9)
677,812 (28.7)
527,154 (22.3)

2,154,089 (91.3)
205,918 (8.7)

1,974,117 (83.6)
385,890 (16.4)

2,337,408 (99.0)
22,599 (1.0)

2,184,722 (92.6)
175,285 (7.4)

2,312,634 (98.0)
47,373 (2.0)

127,576 (5.4)
471,255 (20.0)
590,812 (25.0)
487,902 (20.7)
650,839 (27.6)
31,623 (1.3)

1,584,300 (67.1)
496,275 (21.0)
279,432 (11.8)

2,292,285 (97.1)
67,722 (2.9)

2,156,274 (91.4)
203,733 (8.6)

498,099 (21.1)
1,830,037 (77.5)
31,871 (1.4)

¥ The matched comparators included both pre-vaccination person-time among COVID-19 vaccinees as well as unvaccinated person-time of individuals who did not receive

any COVID-19 vaccines by June 30, 2021.
€ Frequency matching variable.

found that the mortality rates were lower in the days immediately
following vaccination in a cohort of adults and children between
January 1, 2005 and December 31, 2008, indicating a healthy vac-
cinee effect.[38] Another VSD study included individuals aged 9 to
26 years with deaths between January 1, 2005 and December 31,
2011. A case-centered method was used to estimate a relative risk
(RR) for death in days 0 to 30 after vaccination. It was shown that
RRs after any vaccination and influenza vaccination were signifi-
cantly lower for deaths due to nonexternal causes and all causes.
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The authors suggested that vaccination would be less probable in
individuals whose death was imminent. Also, since the population
was relatively unhealthy, this bias might not be from the tradi-
tional healthy vaccinee effect, but rather from unmeasured con-
founding related to the timing of vaccination by indication or
disease severity.[39].

Jackson et al [18] used trauma or injury hospitalization as a neg-
ative control outcome in investigating the protective effect of influ-
enza vaccination against influenza hospitalization and all-cause
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Table 3

Vaccine 41 (2023) 844-854

Characteristics of Ad26.COV2.S recipients and their comparators during the period from December 14, 2020 to June 30, 2021.

Ad26.COV2.S recipients, no. (%) Comparison group”, no. (%)

Total
Age (years)"
18-44
45-64
65-74
75-84
85+
Sex“

Female

Male

Race/ethnicity

Hispanic

Non-Hispanic White

Non-Hispanic Asian

Non-Hispanic Black

Missing

Multiple/Other

Number of outpatient and virtual visits in 1 year prior to index date
0

1-4

5-9

10+

Had inpatient visit in 1 year prior to index date

No

Yes

Had Emergency Department visit in 1 year prior to index date
No

Yes

Had inpatient or Emergency Department visit within 7 days prior to index date

No

Yes

Medicaid enrollment in 2019

No

Yes

Receipt of another vaccine within 14 days before or after index date
No

Yes

Neighborhood median household income

<$40,000

$40,000-$59,999

$60,000-$79,999

$80,000-$99,999

$100,000+

Missing

Charlson Comorbidity Index in 1 year prior to index date
0

1-2

3+

Frailty score in 1 year prior to index date

<0.11

>0.11

Incident COVID-19 diagnosis/lab test before index date
No

Yes

Neighborhood-level education

<high school

>high school

Missing

331,282 (100.0)

131,599 (39.7)
155,104 (46.8)
29,468 (8.9)
10,617 (3.2)
4,494 (1.4)

157,429 (47.5)
173,853 (52.5)

68,961 (20.8)
155,004 (46.8)
43,545 (13.1)
20,991 (6.3)
29,517 (8.9)
13,264 (4.0)
67,668 (20.4)
125,334 (37.8)
75,508 (22.8)
62,772 (18.9)

309,083 (93.3)
22,199 (6.7)

286,692 (86.5)
44,590 (13.5)

327,438 (98.8)
3,844 (1.2)

311,840 (94.1)
19,442 (5.9)

329,640 (99.5)
1,642 (0.5)

255,939 (77.3)
52,807 (15.9)
22,536 (6.8)

322,938 (97.5)
8,344 (2.5)

304,817 (92.0)
26,465 (8.0)

61,554 (18.6)
263,771 (79.6)
5,957 (1.8)

1,258,599 (100.0)

511,250 (40.6)
577,371 (45.9)
112,122 (8.9)
40,310 (3.2)
17,546 (1.4)

612,728 (48.7)
645,871 (51.3)

314,622 (25.0)
556,914 (44.2)
181,479 (14.4)
71,427 (5.7)
81,437 (6.5)
52,720 (4.2)

189,753
477,118
328,337
263,391

15.1)
37.9)
26.1)
20.9)

1,157,824 (92.0)
100,775 (8.0)

1,060,411 (84.3)
198,188 (15.7)

1,246,839 (99.1)
11,760 (0.9)

1,150,608 (91.4)
107,991 (8.6)

1,238,863 (98.4)
19,736 (1.6)

66,153 (5.3)
250,320 (19.9)
311,262 (24.7)
256,366 (20.4)
351,414 (27.9)
23,084 (1.8)

941,713 (74.8)
222,535 (17.7)
94,351 (7.5)

1,224,293 (97.3)
34,306 (2.7)

1,136,111 (90.3)
122,488 (9.7)

258,423 (
976,978 (
23,198 (1

20.5)
77.6)
8)

¥ The matched comparators included both pre-vaccination person-time among COVID-19 vaccinees as well as unvaccinated person-time of individuals who did not receive

any COVID-19 vaccines by June 30, 2021.
€ Frequency matching variable.

mortality in the elderly. They found that influenza vaccination
appeared to be associated with a lower risk for both influenza hos-
pitalization and all-cause mortality as well as trauma or injury hos-
pitalization, indicating inadequate confounding adjustment. In our
negative control outcome analyses, the aHR for trauma or injury
hospitalization was close to the null for the three COVID-19 vacci-
nes, suggesting that the negative association between COVID-19
vaccines and non-COVID-19 mortality was not likely biased by
the pathways examined through the negative control outcome.
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The associations that we found between COVID-19 vaccination
and non-COVID-19 mortality are stronger than can plausibly be
attributed to any real protective effect of vaccination. A more con-
vincing explanation is selection bias as has been reported in stud-
ies of influenza vaccination and mortality.[18,19,40,41] Selection
bias can arise as patients who anticipate that they are near death
“give up” on vaccinations as they are near death and they tend
to become less willing and able to seek vaccinations and other pre-
ventive services. Although we have extensive data on diagnoses,
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BNT162b2 mRNA-1273 Ad26.COV2.S
Dose 1 Dose 1 Dose 1
Number of outpatients and virtual visits in 1 year prior to index date { e A ° A ° A
Receipt of another vaccine within 14 days before or after index date 4 e A ° A . A
Race/ethnicity 4 e A . A . A
Neighborhood median household income 4 @ "y e A . A
Medicaid enroliment in 2019 - @ A L] A e A
Neighborhood-level education—4 e A L] A . A
Had Emergency Department visit in 1 year prior to index date | @ A L] A [} A
Charlson Comorbidity Index in 1 year prior to index date { @ A e A L A
Had inpatient visit in 1 year prior to index date { e A ° A ° A
Incident COVID-19 Diagnosis/lab test before index date | @ A L] A L] A
Had inpatient or Emergency Department visit in 7 days prior to index date | @ A L] A e A
Age ® A e A ® A
Sex—-| ® A » ® A
Frailty score in 1 year prior to index date | ® 4 oA oA
T T T 7 L T 3 1 = L T T T T Lo
000 005 010 015 000 005 010 015 000 005 010 0.15
Absolute standardized mean difference
BNT162b2 mRNA-1273
Dose 2 Dose 2
Number of outpatients and virtual visits in 1 year prior to index date { A ° A
Receipt of another vaccine within 14 days before or after index date { @ A L] A
Race/ethnicity { e A . A
Neighborhood median household income 4 @ A ° A
Medicaid enrollment in 20191 A L] A
Neighborhood-level education4 @ 4 L] A
Had Emergency Department visit in 1 year prior to index date | @ A ° A
A Without SWs
Charlson Comorbidity Index in 1 year prior to index date | e A A @ With SWs
Had inpatient visit in 1 year prior to index date { A o A
Incident COVID-19 Diagnosis/lab test before index date { e A . A
Had inpatient or Emergency Department visit in 7 days prior to index date | @ A L4 A
Age- @ A . A
Sex—-| ® A a
Frailty score in 1 year prior to index date { ® A oA
T = L1 T 1 T T 7 T
000 005 010 015000 005 010 0.5

Absolute standardized mean difference

Fig. 1. Absolute standardized mean difference in characteristics among BNT162b2, mRNA-1273, and Ad26.COV2.S recipients and their comparators before and after applying

stabilized weights.

demographics, and use of health services in the study population,
this source of bias is not well measured, and we have not been able
to adequately adjust for it. In the context of widespread sugges-
tions on social media that COVID-19 vaccines are unsafe, it is reas-
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suring that we found no evidence of any association of COVID-19
vaccination with increased risk of death. We think our analyses
would yield more convincing hazard ratio estimates if we could
better adjust for selection bias. Future analyses using a modified
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Table 4

Vaccine 41 (2023) 844-854

Number of non-COVID-19 deaths and crude mortality rates, overall and by age, sex, and race/ethnicity among BNT162b2 recipients and their comparators during the period from

December 14, 2020 to August 31, 2021.

Dose 1 Dose 2 Comparators
Number 100 Crude Number of 100 Crude Number of 100 person- Crude
of person- mortality deaths person- mortality deaths years mortality
deaths years rate per 100 years rate per 100 rate per 100
person-years person-years person-years
Overall 1,674 2,210 0.76 7,809 11,900 0.66 7,852 4465 1.76
Age (in years)
12-17 3 233 0.01 5 771 0.01 8 474 0.02
18-44 27 814 0.03 97 4,042 0.02 173 1,856 0.09
45-64 141 687 0.21 570 3,803 0.15 974 1,339 0.73
65-74 317 281 1.13 1,504 1,903 0.79 1,600 482 3.32
75-84 528 141 3.75 2,458 1,014 242 2,229 218 10.20
85+ 658 54 12.08 3,175 367 8.66 2,868 95 30.22
Sex
Female 830 1,193 0.70 3,866 6,602 0.59 4,061 2,504 1.62
Male 844 1,017 0.83 3,943 5,298 0.74 3,791 1,961 1.93
Race/ethnicity
Hispanic 199 510 0.39 951 2,485 0.38 1,319 1,345 0.98
Non-Hispanic 1,138 942 1.21 5311 5,402 0.98 4,775 1,872 2.55
White
Non-Hispanic 124 363 0.34 667 2,036 0.33 621 496 1.25
Asian
Non-Hispanic 123 120 1.03 459 615 0.75 707 293 241
Black
Missing 26 175 0.15 133 827 0.16 105 262 0.40
Multiple/Other 64 101 0.64 288 534 0.54 325 197 1.65
Table 5

Number of non-COVID-19 deaths and crude mortality rates, overall and by age, sex, and race/ethnicity among mRNA-1273 recipients and

from December 14, 2020 to August 31, 2021.

their comparators during the period

Dose 1 Dose 2 Comparators
Number 100 person- Crude Number 100 person- Crude Number of 100 person- Crude
of years mortality of years mortality deaths years mortality
deaths rate per 100  deaths rate per 100 rate per 100
person-years person-years person-years
Overall 1,577 2077 0.76 6,152 9132 0.67 7,732 3800 2.04
Age (in years)
18-44 19 732 0.03 74 2839 0.03 122 1662 0.07
45-64 151 729 0.21 549 3124 0.18 907 1286 0.71
65-74 325 374 0.87 1,363 1895 0.72 1,672 528 3.16
75-84 486 183 2.66 2,019 975 2.07 2,287 232 9.85
85+ 596 59 10.08 2,147 298 7.19 2,744 92 29.87
Sex
Female 736 1129 0.65 2,837 5094 0.56 3,977 2134 1.86
Male 841 948 0.89 3,315 4038 0.82 3,755 1666 2.25
Race/ethnicity
Hispanic 244 497 0.49 943 2032 0.46 1,354 1106 1.22
Non-Hispanic 967 931 1.04 3,932 4281 0.92 4,682 1638 2.86
White
Non-Hispanic 117 293 0.40 490 1342 0.37 591 425 1.39
Asian
Non-Hispanic 155 121 1.28 455 511 0.89 713 250 2.85
Black
Missing 29 144 0.20 113 569 0.20 102 217 0.47
Multiple/Other 65 91 0.72 219 396 0.55 290 163 1.78

self-controlled case series design might be able to mitigate the
healthy vaccinee effect by controlling for unmeasured fixed risk
factors through within-person comparisons.[42].

In addition to unmeasured confounding, this study had at least
two additional limitations. First, causes of death were not available
and were not included in the analyses. A temporal relationship
between a COVID-19 diagnosis or a positive SARS-CoV-2 test and
death was used as a proxy for defining COVID-19-related death.
We could have missed COVID-19 related diagnoses and misclassi-
fied some non-COVID-19 deaths, especially among unvaccinated
individuals because they were more likely to be infected with
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COVID-19. The potential differential misclassification of non-
COVID-19 deaths may have overestimated the non-COVID-19 mor-
tality rates among unvaccinated individuals, leading to lower haz-
ard ratios for vaccinees. Further, without knowing causes of death,
we could not estimate and compare the proportions of deaths due
to various causes. Second, the VSD population is an insured popu-
lation and the findings in the current study may not be generaliz-
able to the general population.

Our study had several strengths. First, individual-level and
community-level socioeconomic confounders were adjusted for
in the survival analyses for estimating the association between
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Table 6

Vaccine 41 (2023) 844-854

Number of non-COVID-19 deaths and crude mortality rates, overall and by age, sex, and race/ethnicity among Ad26.COV2.S recipients and their comparators during the period

from December 14, 2020 to August 31, 2021.

After Ad26.COV2.S vaccination

Comparators

Number 100 person-years Crude mortality Number of deaths 100 person-years Crude mortality rate per
of deaths rate per 100 100 person-years
person-years
Overall 1,048 1272 0.82 3,339 2112 1.58
Age (in years)
18-44 28 491 0.06 73 936 0.08
45-64 187 604 0.31 620 841 0.74
65-74 227 118 1.92 695 215 3.24
75-84 278 42 6.70 824 82 10.02
85+ 328 17 19.26 1,127 38 30.00
Sex
Female 544 617 0.88 1,719 1093 1.57
Male 504 655 0.77 1,620 1019 1.59
Race/ethnicity
Hispanic 147 267 0.55 510 603 0.85
Non-Hispanic White 658 592 1.11 2,097 923 227
Non-Hispanic Asian 78 173 0.45 253 226 1.12
Non-Hispanic Black 108 81 1.34 269 139 1.93
Missing 15 109 0.14 66 131 0.51
Multiple/Other 42 51 0.83 144 90 1.60
Table 7

Unadjusted and adjusted hazard ratios (95%CI) of non-COVID-19 mortality, 30-day non-COVID-19 mortality, and all-cause mortality during the period from December 14, 2020 to

August 31, 2021.

Unadjusted hazard ratios (95% CI)

Adjusted hazard ratios (95% CI) ¥

Outcome Vaccines Dose 1 Dose 2 Dose 1 Dose 2

Non-COVID-19 mortality BNT162b2 0.38 (0.36-0.40) 0.41 (0.40-0.43) 0.46 (0.44-0.49) 0.48 (0.46-0.50)
mRNA-1273 0.35 (0.33-0.37) 0.35 (0.33-0.36) 0.41 (0.39-0.44) 0.38 (0.37-0.40)
Ad26.COV2.S 0.53 (0.50-0.57) N/A 0.55 (0.51-0.59) N/A

30-day non-COVID-19 mortality BNT162b2 0.21 (0.20-0.23) 0.23 (0.22-0.25) 0.27 (0.25-0.29) 0.30 (0.28-0.33)
mRNA-1273 0.16 (0.15-0.17) 0.21 (0.19-0.22) 0.19 (0.18-0.21) 0.25 (0.23-0.27)
Ad26.COV2.S 0.44 (0.37-0.51) N/A 0.43 (0.37-0.50) N/A

All-cause mortality BNT162b2 0.36 (0.34-0.38) 0.38 (0.37-0.40) 0.45 (0.43-0.47) 0.45 (0.43-0.46)
mRNA-1273 0.32 (0.30-0.34) 0.32 (0.31-0.33) 0.38 (0.37-0.41) 0.36 (0.34-0.37)
Ad26.COV2.S 0.50 (0.47,0.54) N/A 0.52 (0.49-0.56) N/A

¥ Hazard ratios were adjusted using stabilized weights for age, sex, race/ethnicity, Medicaid status, history of COVID-19, number of combined outpatient and virtual visits in
one year prior to index date, inpatient visit (yes/no) in one year prior to index date, Emergency Department visit (yes/no) in one year prior to index date, inpatient or
Emergency Department visit within 7 days prior to index date (yes/no), presence of frailty measured in one year prior to index date (yes if frailty index > 0.11; no, otherwise),
Charlson Comorbidity Index measured in one year prior to index date, receipt of another vaccine within 14 days before or after index date, neighborhood median household

income, and neighborhood education level.

Table 8
Unadjusted and adjusted hazard ratios (95% CI) of trauma or injury hospitalization
during the period from December 14, 2020 to August 31, 2021.

Vaccine Unadjusted hazard Adjusted hazard
ratios (95% CI) ratios (95% CI)*
BNT162b2 0.91 (0.88-0.94) 1.06 (1.02-1.10)
mRNA-1273 0.95 (0.92-0.99) 1.08 (1.04-1.12)
Ad26.COV2.S 0.86 (0.79-0.93) 0.93 (0.85-1.00)

2 Hazard ratios were adjusted using stabilized weights for age, sex, race/ethnicity,
Medicaid status, history of COVID-19, number of combined outpatient and virtual
visits in one year prior to index date, inpatient visit (yes/no) in one year prior to
index date, Emergency Department visit (yes/no) in one year prior to index date,
inpatient or Emergency Department visit within 7 days prior to index date (yes/no),
presence of frailty measured in one year prior to index date (yes if frailty
index > 0.11; no, otherwise), Charlson Comorbidity Index measured in one year
prior to index date, receipt of another vaccine within 14 days before or after index
date, neighborhood median household income, and neighborhood education level.

COVID-19 vaccination and non-COVID-19 mortality and all-cause
mortality. In particular, we included inpatient and ED visits within
7 days prior to the index date (yes/no) and a frailty score in the
propensity score models to control for healthy vaccinee effects.
Second, we used a rigorous propensity score approach to adjust
for the measured confounders. After applying stabilized weights
to the cohorts, all measured confounders were well balanced
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between recipients of COVID-19 vaccines and their comparator
groups. Third, the frequency matching of vaccinated individuals
during a given week with comparators who had not been vacci-
nated yet aligned the start of the comparators’ follow-up with that
of vaccinated individuals. Because of the proper alignment of start
of follow-up, the frequency matching helped to mitigate immortal
time bias. [43-45] Fourth, the assignment of index dates for unvac-
cinated comparators that corresponded to the vaccination dates of
their matched vaccinees, and the use of calendar time as the basic
time scale in survival analyses ensured control for temporal fac-
tors. Finally, the study had a large, demographically diverse study
population with up to 8 months of follow-up.

We conclude that, while residual confounding bias remained
after adjusting for several individual-level and community-level
risk factors, no increased risk was found for non-COVID-19 mortal-
ity and all-cause mortality among recipients of three widely used
COVID-19 vaccines in the US. The findings in this study of individ-
uals 12 years and older support CDC’s recommendation of COVID-
19 vaccination for this age group. Future studies will include chil-
dren<12 years of age.
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