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Abstract

Objective: To determine the effectiveness of booster vaccinations on the risk of hospitalization with
coronavirus disease 2019 (COVID-19) and how it varies by enrollee characteristics and interval from
the initial vaccination to receipt of a booster.
Patients and Methods: This cohort study used 100% Medicare claims from January 1, 2020, through
December 31, 2021, and matched 3,940,475 individuals who received boosters to 3,940,475 controls
based on week and type of original COVID-19 vaccine and demographic and clinical characteristics.
We compared the association of booster vs no booster with COVID-19 hospitalization using Cox
proportional hazards regression models controlling for patient characteristics. We also determined the
association of time from original vaccine to booster with COVID-19 hospitalization.
Results: Over a maximum of 130 days of follow-up, boosted enrollees had 8.20 (95% CI, 7.81 to 8.60)
COVID-19 hospitalizations per million days vs 43.70 (95% CI, 42.79 to 44.64) for controls (81%
effectiveness). Effectiveness varied by race, prior hospitalizations, and certain comorbidities,
for example, leukemia/lymphoma (53% effectiveness), autoimmune disease (73%), and dementia
(73%). Boosters received between 6 and 9 months after original vaccination varied between 81% and
85% effectiveness, while boosters received at 5 to 6 months (62%) or less than 5 months (58%) were
less effective.
Conclusion: Boosters are highly effective in the Medicare population. Approximately 69,225 hospi-
talizations would be prevented by boosters in the 15 million individuals aged 65 years or older
currently not boosted in a period similar to the September 2020 through January 2021 period studied.
Boosters provided the greatest benefits if they were received between 6 and 9 months following
original vaccinations. However, boosters were associated with substantial decreases in COVID-19
hospitalizations in all categories of enrollees.
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T o protect against the diminishing im-
munity from the coronavirus disease
2019 (COVID-19) primary vaccine,

the US Food and Drug Administration
(FDA) has authorized COVID-19 booster
vaccinations for individuals aged 18 and
older. As of June 2022, nearly half of all
adults and one-third of individuals aged 65
years or older have yet to receive a booster.1

Studies from Israel,2,3 England,4 Spain,5 and
the United States6,7 have found that boosters
were effective in reducing COVID-
19eassociated hospitalization, severe dis-
ease, and death.
Mayo Clin Proc. n October 2022;9
www.mayoclinicproceedings.org n
There is a little information on the
optimal interval between the original vaccine
and a booster. Originally, the FDA recom-
mended a minimum 6-month interval be-
tween the primary vaccine and a booster.8

However, in January 2022, the FDA-
recommended interval was reduced to a 5-
month minimum.9

The study had 2 objectives. First, we
determined the effectiveness of booster vac-
cinations on the risk of hospitalization with
COVID-19 among Medicare beneficiaries
and how it varied by demographic character-
istics and specific comorbidities. Second, we
7(10):1780-1793 n https://doi.org/10.1016/j.mayocp.2022.06.029
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COVID-19 BOOSTER AMONG MEDICARE BENEFICIARIES
assessed the risk of hospitalization with
COVID-19 as a function of interval between
primary vaccination and a booster dose.
PATIENTS AND METHODS

Study Design and Data Source
In this retrospective cohort study, we used
100% national Medicare claims from January
1, 2020, through December 31, 2021, last
updated on May 15, 2022. This study fol-
lowed the Strengthening the Reporting of
Observational Studies in Epidemiology
reporting guidelines.10
Study Cohort and Identification of Boosted
Individuals and Unboosted Controls
This cohort included fee-for-service Medicare
beneficiaries who received 2 doses of Pfizer or
2 doses of Moderna vaccine as the primary
vaccination series from December 11, 2020,
through December 31, 2021 (Supplemental
Figures 1 and 2, available online at http://
www.mayoclinicproceedings.org).

We emulated a target trial11 each week
and matched individuals who received a
booster to those who did not receive
boosters starting on August 12, 2021, the
date the Healthcare Common Procedure
Coding System/Current Procedural Termi-
nology code for the third dose of Pfizer
was approved.12 All individuals who did
not receive a booster that week or prior to
that date were eligible for matching. We
matched without replacement one
unboosted individual to one boosted individ-
ual based on the week and type of the orig-
inal vaccine, age (�2 years), sex, race
(non-Hispanic White, non-Hispanic Black,
Asian, Hispanic, and other), Medicaid eligi-
bility, number of prior COVID-19 hospitali-
zations, prior COVID-19 infection,
residence (community vs nursing facility),
and tertile of summary Elixhauser comorbid-
ity index score. Of 4,731,607 boosted indi-
viduals, 4,016,231 were matched to
controls for an 84.9% match rate. We
assigned the index date of the receipt of a
booster for the boosted individual to the
unboosted controls. Use of a target trial re-
duces the risk of selection bias and immortal
Mayo Clin Proc. n October 2022;97(10):1780-1793 n https://doi.org
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time bias, clearly assigns time zero, and
avoids common methodological pitfalls of
observational studies.11 The Supplemental
Methods section (available online at http://
www.mayoclinicproceedings.org) contains
additional details.

For sensitivity analyses, we used a tradi-
tional matching method. We identified indi-
viduals who received boosters from August
12, 2021, through November 30, 2021. Of
all the eligible individuals who did not
receive boosters from August 12, 2021, to
December 31, 2021, we identified one
unboosted control for each boosted individ-
ual matched on the week and type of the
original vaccination, age (�2 years), sex,
race (non-Hispanic White, non-Hispanic
Black, Asian, Hispanic, and other), Medicaid
eligibility, number of prior COVID-19 hospi-
talizations, prior COVID-19 infection, resi-
dence (community vs nursing facility), and
tertile of summary Elixhauser comorbidity
index score. The match rate was 48.5% (of
4,731,607 boosted individuals, 2,293,887
were matched to controls).

Identification of Interval Between Original
Vaccine and Booster
We classified the interval between primary
vaccination and a booster dose as 4 to less
than 5, 5 to less than 6, 6 to less than 7, 7
to less than 8, 8 to less than 9, and 9 months
or longer.

Study Outcome
We identified a COVID-19 hospitalization if
the International Classification of Diseases,
Tenth Revision, Clinical Modification code of
U07.1 was listed as the primary admission
or first or second discharge diagnosis.13 In
a sensitivity analysis, we limited the outcome
to those with a primary admission diagnosis
of COVID-19.14

Covariates
Age, sex, race (non-Hispanic White, non-
Hispanic Black, Asian, Hispanic, and other),
and Medicaid eligibility were from Medi-
care’s Master Beneficiary Summary File; the
type of primary vaccine from the Carrier
File; the number of prior hospitalizations
/10.1016/j.mayocp.2022.06.029 1781
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TABLE 1. Characteristics of the Study Cohorta,b,c

Variable
Total cohort

(N¼7,880,950 [100%])
Boosted individuals

(n¼3,940,475 [50.0%])
Unboosted controls

(n¼3,940,475 [50.0%])
Standardized
difference

Follow-up (d)
Median (p25-p75) [min-max]

49 (29-67) [10-141] 49 (29-67) [10-141] 49 (29-66) [10-141] 0.0091

Age (y), median (p25-p75) 74 (70-80) 74 (70-80) 74 (70-80) �0.0235

COVID-19 original vaccine 0

Pfizer 4,035,158 (51.2) 2,017,579 (50.0) 2,017,579 (50.0)

Moderna 3,845,792 (48.8) 1,922,896 (50.0) 1,922,896 (50.0)

Age group (y) 0

66-70 2,248,536 (28.5) 1,142,336 (50.8) 1,106,200 (49.2)

71-75 2,169,531 (27.5) 1,087,005 (50.1) 1,082,526 (49.9)

76-80 1,526,810 (19.4) 757,068 (49.6) 769,742 (50.4)

81-85 1,006,481 (12.8) 496,829 (49.4) 509,652 (50.6)

�86 929,592 (11.8) 457,237 (49.2) 472,355 (50.8)

Sex 0

Male 3,285,584 (41.7) 1,642,792 (50.0) 1,642,792 (50.0)

Female 4,595,366 (58.3) 2,297,683 (50.0) 2,297,683 (50.0)

Race 0

Non-Hispanic White 6,807,760 (86.4) 3,403,880 (50.0) 3,403,880 (50.0)

Non-Hispanic Black 337,824 (4.3) 168,912 (50.0) 168,912 (50.0)

Asian 225,590 (2.9) 112,795 (50.0) 112,795 (50.0)

Hispanic 218,912 (2.8) 109,456 (50.0) 109,456 (50.0)

Otherd 290,864 (3.7) 145,432 (50.0) 145,432 (50.0)

Medicaid eligibility 0

No 7,388,256 (93.7) 3,694,128 (50.0) 3,694,128 (50.0)

Yes 492,694 (6.3) 246,347 (50.0) 246,347 (50.0)

No. of prior hospitalizations 0

0 6,986,464 (88.6) 3,493,232 (50.0) 3,493,232 (50.0)

1 675,388 (8.6) 337,694 (50.0) 337,694 (50.0)

�2 219,098 (2.8) 109,549 (50.0) 109,549 (50.0)

Prior COVID-19 0

No 7,398,502 (93.9) 3,699,251 (50.0) 3,699,251 (50.0)

Yes 482,448 (6.1) 241,224 (50.0) 241,224 (50.0)

Residence prior to original
vaccination

0

Community 7,754,612 (98.4) 3,877,306 (50.0) 3,877,306 (50.0)

Nursing facility 126,338 (1.6) 63,169 (50.0) 63,169 (50.0)

Elixhauser comorbidity summary
scoree

0

<0 2,126,332 (27.0) 1,063,166 (50.0) 1,063,166 (50.0)

0 3,235,364 (41.0) 1,617,682 (50.0) 1,617,682 (50.0)

>0 2,519,254 (32.0) 1,259,627 (50.0) 1,259,627 (50.0)

Comorbidity

AIDS/HIV 8855 (0.1) 5291 (59.8) 3564 (40.2) 0.0131

Alcohol abuse 54,863 (0.7) 26,185 (47.7) 28,678 (52.2) �0.0076

Deficiency anemia 828,691 (10.5) 412,475 (49.8) 416,216 (50.2) �0.0031

Continued on next page
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TABLE 1. Continued

Variable
Total cohort

(N¼7,880,950 [100%])
Boosted individuals

(n¼3,940,475 [50.0%])
Unboosted controls

(n¼3,940,475 [50.0%])
Standardized
difference

Comorbidity, continued

Autoimmune 320,615 (4.1) 172,836 (53.9) 147,779 (46.1) 0.0322

Blood loss anemia 61,522 (0.8) 30,784 (50.0) 30,738 (50.0) 0.0001

Leukemia 50,294 (0.6) 28,846 (57.4) 21,448 (42.6) 0.0326

Lymphoma 84,920 (1.1) 48,371 (57.0) 36,549 (43.0) 0.0291

Metastatic cancer 86,287 (1.1) 46,931 (54.4) 39,356 (45.6) 0.0185

Solid tumor without metastasis,
malignant

643,506 (8.2) 336,386 (52.3) 307,120 (47.7) 0.0271

Solid tumor without metastasis,
in situ

65,541 (0.8) 34,878 (53.2) 30,663 (46.8) 0.0118

Cerebrovascular disease 450,634 (5.7) 218,597 (48.5) 232,037 (51.5) �0.0147

Congestive heart failure 542,345 (6.9) 259,542 (47.9) 282,803 (52.1) �0.0233

Coagulopathy 182,966 (2.3) 95,037 (51.9) 87,929 (48.1) 0.0120

Dementia 384,887 (4.9) 164,584 (42.8) 220,303 (57.2) �0.0656

Depression 707,782 (9.0) 340,174 (48.1) 367,608 (51.9) �0.0244

Diabetes, complicated 1,008,282 (12.8) 488,161 (48.4) 520,121 (51.6) �0.0243

Diabetes, uncomplicated 666,844 (8.5) 326,880 (49.0) 339,964 (51.0) �0.0119

Drug abuse 45,357 (0.6) 21,245 (46.8) 24,112 (53.2) �0.0096

Hypertension, complicated 768,245 (9.8) 377,091 (49.1) 391,154 (50.9) �0.0120

Hypertension, uncomplicated 3,602,908 (45.7) 1,793,937 (49.8) 1,808,971 (50.2) �0.0077

Liver disease, mild 162,274 (2.1) 83,002 (51.1) 79,272 (48.8) 0.0069

Liver disease, moderate to
severe

22,436 (0.3) 12,046 (53.7) 10,390 (46.3) 0.0079

Chronic pulmonary disease 859,326 (10.9) 423,950 (49.3) 435,376 (50.7) �0.0093

Neurologic disorders affecting
movement

207,529 (2.6) 95,499 (46.0) 109,030 (52.5) �0.0167

Seizures and epilepsy 102,966 (1.3) 48,370 (47.0) 54,596 (53.0) �0.0139

Other neurologic disorders 156,293 (2.0) 73,808 (47.2) 82,485 (52.8) �0.0158

Obesity 844,919 (10.7) 415,172 (49.1) 429,747 (50.9) �0.0120

Paralysis 88,903 (1.1) 40,611 (45.7) 48,292 (54.3) �0.0185

Peripheral vascular disease 813,238 (10.3) 400,660 (49.3) 412,578 (50.7) �0.0099

Psychoses 217,295 (2.8) 105,050 (48.3) 112,245 (51.7) �0.0112

Pulmonary circulation disease 123,823 (1.6) 61,804 (49.9) 62,019 (50.1) �0.0004

Renal failure, moderate 676,910 (8.6) 333,376 (49.2) 343,534 (50.8) �0.0092

Renal failure, severe 148,570 (1.9) 75,428 (50.8) 73,142 (49.2) 0.0043

Hypothyroidism 1,256,574 (15.9) 631,890 (50.3%) 624,684 (49.7) 0.0050

Other thyroid disorders 224,160 (2.8) 116,517 (52.0) 107,643 (48.0) 0.0135

Peptic ulcer with bleeding 40,476 (0.5) 20,084 (49.6) 20,392 (50.4) �0.0011

Valvular disease 543,637 (6.9) 276,922 (50.9) 266,715 (49.1) 0.0102

Weight loss 166,927 (2.1) 80,917 (48.5) 86,010 (51.5) �0.0090
aCOVID-19, coronavirus disease 2019; max, maximum; min, minimum.
bData are presented as No. (percentage) of patients unless indicated otherwise. Percentages may not equal 100 because of rounding.
cValues in parentheses in the first column are column percentages; values in the second, and third columns are row percentages.
dOther race includes Pacific Islander, American Native, and all other races and ethnicities.
eWe applied weights to 38 Elixhauser conditions to calculate Elixhauser summary score.17
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TABLE 2. Unadjusted COVID-19 Hospitalization Rates and Adjusted Hazards of Hospitalization From a Cox
Proportional Hazards Regression Model Including Receipt of Booster and All Patient Characteristicsa,b

Variable
No. (%) of patients
(N¼7,880,950)

Hospitalization
rate per 1,000,000

person-days
Adjusted HR
(95% CI)

Boosterc

No 3,940,475 (50.0) 43.70 (42.79-44.64) Reference

Yes 3,940,475 (50.0) 8.20 (7.81-8.60) 0.19 (0.18-0.20)

COVID-19 original vaccine

Pfizer 4,035,158 (51.2) 29.85 (29.14-30.58) Reference

Moderna 3,845,792 (48.8) 20.90 (20.23-21.59) 0.81 (0.77-0.84)

Age group

66-70 2,248,536 (28.5) 13.44 (12.78-14.14) Reference

71-75 2,169,531 (27.5) 19.48 (18.67-20.32) 1.31 (1.23-1.40)

76-80 1,526,810 (19.4) 29.50 (28.31-30.74) 1.78 (1.67-1.91)

81-85 1,006,481 (12.8) 39.14 (37.46-40.91) 2.28 (2.13-2.44)

�86 929,592 (11.8) 50.60 (48.60-52.69) 3.06 (2.85-3.29)

Sex

Male 3,285,584 (41.7) 30.69 (29.86-31.54) Reference

Female 4,595,366 (58.3) 22.45 (21.84-23.07) 0.73 (0.70-0.76)

Race

Non-Hispanic White 6,807,760 (86.4) 26.75 (26.20-27.30) Reference

Non-Hispanic Black 337,824 (4.3) 27.64 (25.24-30.25) 0.85 (0.77-0.94)

Asian 225,590 (2.9) 10.83 (9.06-12.94) 0.37 (0.31-0.45)

Hispanic 218,912 (2.8) 24.03 (21.34-27.07) 0.77 (0.68-0.88)

Other 290,864 (3.7) 17.22 (15.22-19.47) 0.83 (0.73-0.94)

Medicaid eligibility

No 7,388,256 (93.8) 24.88 (24.38-25.39) Reference

Yes 492,694 (6.3) 41.01 (38.59-43.59) 1.49 (1.39-1.60)

No. of prior hospitalizations

0 6,986,464 (88.6) 21.21 (20.73-21.70) Reference

1 675,388 (8.6) 50.82 (48.52-53.23) 1.16 (1.09-1.23)

�2 219,098 (2.8) 91.19 (85.88-96.81) 1.23 (1.12-1.34)

Prior COVID-19

No 7,398,502 (93.9) 26.31 (25.80-26.84) Reference

Yes 482,448 (6.1) 19.92 (18.25-21.74) 0.43 (0.39-0.48)

Residence prior to original vaccination

Community 7,754,612 (98.4) 25.80 (25.30-26.31) Reference

Nursing facility 126,338 (1.6) 31.72 (27.79-36.21) 0.51 (0.44-0.60)

Comorbidity status

AIDS/HIV 8855 (0.1) 17.50 (9.10-33.63) 0.72 (0.37-1.39)

Alcohol abuse 54,863 (0.7) 39.81 (32.60-47.21) 0.84 (0.70-1.02)

Deficiency anemia 828,691 (10.5) 61.62 (59.32-64.01) 1.20 (1.13-1.26)

Autoimmune 320,615 (4.1) 47.95 (44.79-51.33) 1.72 (1.60-1.85)

Blood loss anemia 61,552 (0.8) 71.85 (63.16-81.74) 1.07 (0.93-1.22)

Leukemia 50,294 (0.6) 91.56 (81.14-103.33) 2.70 (2.38-3.07)

Lymphoma 84,920 (1.1) 65.36 (58.52-73.01) 1.91 (1.70-2.15)

Continued on next page
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TABLE 2. Continued

Variable
No. (%) of patients
(N¼7,880,950)

Hospitalization
rate per 1,000,000

person-days
Adjusted HR
(95% CI)

Comorbidity status, continued

Metastatic cancer 86,287 (1.1) 46.07 (40.43-52.50) 1.39 (1.21-1.59)

Solid tumor without metastasis, malignant 643,506 (8.2) 32.23 (30.37-34.21) 1.01 (0.95-1.08)

Solid tumor without metastasis, in situ 65,541 (0.8) 33.77 (28.09-40.61) 1.12 (0.93-1.35)

Cerebrovascular disease 450,634 (5.7) 24.33 (23.84-54.01) 1.05 (0.98-1.12)

Congestive heart failure 542,345 (6.9) 79.97 (76.74-93.34) 1.35 (1.27-1.44)

Coagulopathy 182,966 (2.3) 68.65 (63.65-70.05) 1.14 (1.05-1.25)

Dementia 384,887 (4.9) 61.68 (58.36-65.19) 1.29 (1.20-1.39)

Depression 707,782 (9.0) 45.52 (43.39-47.76) 1.13 (1.06-1.19)

Diabetes, complicated 1,008,282 (12.8) 58.42 (56.37-60.54) 1.66 (1.58-1.75)

Diabetes, uncomplicated 666,844 (8.5) 29.95 (28.15-31.86) 1.37 (1.28-1.47)

Drug abuse 45,357 (0.6) 43.55 (35.90-52.83) 0.97 (0.79-1.17)

Hypertension, complicated 768,245 (9.8) 68.88 (66.35-71.51) 1.16 (1.07-1.25)

Hypertension, uncomplicated 3,602,908 (45.7) 27.33 (26.58-28.10) 1.21 (1.15-1.28)

Liver disease, mild 162,274 (2.1) 44.25 (39.99-48.97) 1.22 (1.10-1.36)

Liver disease, moderate to severe 22,436 (0.3) 75.65 (62.13-92.13) 1.74 (1.41-2.13)

Chronic pulmonary disease 859,326 (10.9) 57.10 (54.93-59.37) 1.61 (1.53-1.69)

Neurologic disorders affecting movement 207,529 (2.6) 50.14 (46.07-54.55) 1.18 (1.08-1.29)

Seizures and epilepsy 102,966 (1.3) 57.89 (51.81-64.68) 1.35 (1.20-1.51)

Other neurologic disorders 156,293 (2.0) 73.02 (67.45-79.04) 1.08 (0.98-1.18)

Obesity 844,919 (10.7) 46.59 (44.58-48.67) 1.31 (1.24-1.39)

Paralysis 88,903 (1.1) 59.34 (52.78-66.72) 1.02 (0.89-1.17)

Peripheral vascular disease 813,238 (10.3) 54.33 (52.15-56.61) 1.23 (1.17-1.29)

Psychoses 217,295 (2.8) 45.39 (41.63-49.49) 1.23 (1.20-1.35)

Pulmonary circulation disease 123,823 (1.6) 91.30 (84.21-98.99) 1.30 (1.19-1.43)

Renal failure, moderate 676,910 (8.6) 58.13 (55.64-60.72) 1.35 (1.28-1.44)

Renal failure, severe 148,570 (1.9) 115.82 (108.53-123.60) 2.32 (2.13-2.52)

Hypothyroidism 1,256,574 (15.9) 34.58 (33.17-36.05) 1.01 (0.97-1.07)

Other thyroid disorders 224,160 (2.8) 28.24 (35.32-31.50) 0.95 (0.85-1.07)

Peptic ulcer with bleeding 40,476 (0.5) 53.72 (44.68-64.60) 0.90 (0.75-1.09)

Valvular disease 543,637 (6.9) 48.40 (45.89-51.06) 0.94 (0.88-1.00)

Weight loss 166,927 (2.1) 55.46 (50.77-60.59) 0.93 (0.85-1.03)
aCOVID-19, coronavirus disease 2019; HR, hazard ratio.
bThe hazard ratio and 95% CI for booster was identical in a model that combined some comorbidities as in Table 3.
cBooster vaccine effectiveness was 82% (95% CI, 81%-83%), computed as (1 � HR) � 100.
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from the hospital Standard Analytic File;
residence (community vs nursing facility/
institution) prior to vaccination date from
the skilled nursing facility Standard Analytic
File and the Minimum Data Set15; and prior
COVID-19 diagnosis from all claims files.16

We used Elixhauser comorbidities and com-
bined comorbidities in some analyses.17
Mayo Clin Proc. n October 2022;97(10):1780-1793 n https://doi.org
www.mayoclinicproceedings.org
Statistical Analyses
We used descriptive statistics to characterize
the boosted individuals and unboosted con-
trols and Kaplan-Meier estimator to generate
cumulative incidence curves for COVID-19
hospitalization for boosted and unboosted
exposure groups18 using joinpoint regres-
sion to identify any inflection point.19 We
/10.1016/j.mayocp.2022.06.029 1785
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used standardized differences to evaluate
balance of covariates among boosted and
unboosted exposure groups, where a stan-
dardized difference of less than 0.10 suggests
acceptable balance.20 Incidence rates and
95% CIs of COVID-19 hospitalizations
were expressed as hospitalizations per 1
million person-days. We constructed Cox
proportional hazards regression models to
determine the association of booster receipt
with the risk of COVID-19 hospitalization,
controlling for the prior vaccine and patient
characteristics. Individuals were censored if
they died, dropped out of fee-for-service
Medicare, or on December 31, 2021. We per-
formed symmetric censoring and censored
both the unboosted and boosted individuals
of the matched pair at the same date when
the unboosted individual received a
booster.11 Residual plots and the supremum
test for all covariates suggested that the pro-
portional hazard assumption was not
violated.21 We tested for an interaction of
each patient characteristic with booster and
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found no significant changes in slope (P>0.30).

Mayo Clin Proc. n October 2022;9
performed stratified analyses where signifi-
cant. We computed vaccine effectiveness as
(1 � hazard ratio) � 100. We multiplied
risk difference per 1 million person-days
with 130 to calculate risk difference over
130 days per 1 million persons and again
multiplied this with 15 to estimate the num-
ber of COVID-19 hospitalizations prevented
by boosters in approximately 15 million
currently unboosted persons aged 65 years
or older (also see Supplemental Methods
section).22,23

For the analysis of the optimal interval
between original vaccination and booster,
we used the Cox regression model to esti-
mate the risk of hospitalization for boosted
individuals compared with unboosted con-
trols for different intervals between vaccina-
tion and receipt of boosters, controlling for
all patient characteristics, original vaccina-
tion type, and the type of booster. We used
cohorts from the target trial method for the
main analysis and the traditional matched
cohorts for a sensitivity analysis.
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TABLE 3. Unadjusted COVID-19 Hospitalization Rates and Adjusted Booster Vaccine Effectiveness, Stratified by Patient Characteristicsa

Variable

No. (%) of
patients

(N¼7,880,950)

Hospitalization rate
per 1,000,000

person-days among
boosted individuals

Hospitalization rate
per 1,000,000

person-days among
unboosted individuals

Hospitalization rate
difference (95% CI),
boosted individuals

vs unboosted individuals

Booster vaccine
effectiveness, %

(95% CI)b

All patients 7,880,950 8.20 (7.81-8.60) 43.70 (42.79-44.64) 35.51 (24.50-36.51) 81 (80-82)

COVID-19 original vaccine

Pfizer 4,035,158 (51.2%) 9.69 (9.13-10.29) 50.14 (48.83-51.47) 40.44 (39.00-41.88) 81 (79-82)

Moderna 3,845,792 (48.8%) 6.30 (5.79-6.84) 35.56 (34.33-36.83) 29.26 (27.91-30.62) 82 (81-83)

Age group (y)

66-70 2,248,536 (28.53) 4.89 (4.35-5.50) 22.27 (21.06-23.55) 17.38 (16.01-18.75) 79 (76-81)

71-75 2,169,531 (27.5) 6.21 (5.59-6.91) 32.83 (31.35-34.39) 26.62 (24.96-28.27) 81 (79-83)

76-80 1,526,810 (19.4) 8.36 (7.50-9.33) 50.42 (48.24-52.70) 42.06 (39.65-44.47) 83 (81-85)

81-85 1,006,481 (12.8) 12.38 (11.07-13.83) 65.49 (62.43-68.71) 53.11 (49.69-56.54) 81 (79-83)

�86 929,592 (11.8) 16.22 (14.66-17.95) 84.50 (80.86-88.30) 68.28 (64.21-72.35) 81 (79-83)

Race

Non-Hispanic White 6,807,760 (86.4) 8.21 (7.80-8.65) 45.37 (44.37-46.40) 37.16 (36.06-38.26) 82 (81-83)

Non-Hispanic Black 337,824 (4.3) 10.94 (8.92-13.41) 44.39 (40.12-49.11) 33.45 (28.44-38.46) 76 (70-81)

Asian 225,590 (2.9) 3.96 (2.61-6.02) 17.71 (14.53-21.59) 13.75 (9.87-17.63) 79 (66-87)

Hispanic 218,912 (2.8) 10.80 (8.40-13.88) 37.31 (32.59-42.71) 26.51 (20.78-32.24) 72 (63-79)

Other 290,864 (3.7) 5.82 (4.31-7.85) 28.65 (25.03-32.79) 22.83 (18.59-27.07) 80 (72-85)

Medicaid eligibility

No 7,388,256 (93.8) 7.66 (7.28-8.07) 42.18 (41.25-43.12) 34.52 (33.50-35.53) 82 (81-83)

Yes 492,694 (6.2) 16.03 (13.97-18.40) 66.16 (61.81-70.81) 50.12 (45.12-55.13) 76 (72-79)

No. of prior
hospitalizations

0 6,986,464 (88.6) 6.05 (5.70-6.43) 36.43 (35.54-37.34) 30.38 (29.41-31.35) 83 (82-84)

1 675,388 (8.6) 19.39 (17.44-21.56) 82.57 (78.41-86.94) 63.18 (58.45-67.91) 76 (73-79)

�2 219,098 (2.8) 38.34 (33.66-43.66) 144.92 (135.46-155.03) 106.60 (95.61-117.60) 73 (69-77)

Prior COVID-19

No 7,398,502 (93.9) 8.07 (7.67-8.49) 44.64 (43.96-33.02) 36.57 (35.53-37.62) 82 (81-83)

Yes 482,448 (6.1) 10.07 (8.46-11.98) 29.84 (26.96-33.02) 19.77 (16.28-23.27) 67 (60-73)

Residence prior to
original vaccination

Community 7,754,612 (98.4) 8.03 (7.64-8.44) 43.66 (42.74-44.60) 35.63 (34.62-36.64) 82 (81-82)

Nursing facility 126,338 (1.6) 17.59 (13.68-22.60) 45.99 (39.36-53.76) 28.41 (19.99-36.83) 62 (49-72)

Comorbidity status

Anemia

No 7,052,259 (89.5) 6.23 (5.87-6.61) 36.91 (36.03-37.82) 30.68 (29.71-31.65) 83 (82-84)

Yes 828,691 (10.5) 24.20 (22.22-26.36) 99.59 (95.45-103.91) 75.39 (70.68-80.10) 76 (74-78)

Autoimmune

No 7,560,335 (95.9) 7.49 (7.11-7.89) 42.21 (41.30-43.14) 34.72 (33.71-35.72) 82 (81-83)

Yes 320,615 (4.1) 21.93 (19.17-25.09) 81.16 (74.99-87.83) 59.23 (52.17-66.29) 73 (68-77)

Leukemia/lymphoma

No 7,750,947 (98.4) 7.17 (6.81-7.56) 42.76 (41.85-43.69) 35.59 (34.59-36.58) 83 (82-84)

Yes 130,003 (1.6) 52.95 (46.60-60.17) 106.59 (95.39-119.10) 53.64 (40.01-67.26) 53 (44-61)

Cancer

No 7,151,157 (90.7) 7.58 (7.19-8.00) 42.31 (41.37-43.28) 34.73 (33.70-35.77) 82 (81-83)

Continued on next page
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TABLE 3. Continued

Variable

No. (%) of
patients

(N¼7,880,950)

Hospitalization rate
per 1,000,000

person-days among
boosted individuals

Hospitalization rate
per 1,000,000

person-days among
unboosted individuals

Hospitalization rate
difference (95% CI),
boosted individuals

vs unboosted individuals

Booster vaccine
effectiveness, %

(95% CI)b

Comorbidity status, continued

Yes 729,793 (9.3) 13.50 (12.01-15.18) 57.70 (54.28-61.34) 44.20 (40.34-48.06) 77 (74-80)

Congestive heart failure

No 7,338,605 (93.1) 6.83 (6.47-7.22) 36.88 (36.01-37.77) 30.05 (29.09, 31.00) 82 (80, 83)

Yes 542,345 (6.9) 26.94 (24.31-29.86) 128.50 (122.83-134.42) 101.60 (95.13-108.01) 79 (77-81)

Dementia

No 7,496,063 (95.1) 7.55 (7.17-7.95) 40.79 (39.88-41.72) 33.24 (32.24-34.24) 82 (81-83)

Yes 384,887 (4.9) 22.81 (19.81-26.27) 89.41 (84.19-94.96) 66.60 (60.33-72.87) 73 (68-77)

Depression

No 7,173,168 (91.0) 7.46 (7.08-7.87) 40.57 (39.65-41.52) 33.11 (32.09-34.12) 82 (81-83)

Yes 707,782 (9.0) 15.74 (13.99-17.70) 72.97 (69.24-76.90) 57.23 (52.98-61.49) 78 (75-81)

Diabetes

No 6,205,824 (78.7) 6.28 (5.90-6.68) 34.20 (33.29-35.13) 27.92 (26.92-28.93) 82 (81-83)

Yes 1,675,126 (21.3) 15.50 (14.35-16.75) 77.13 (74.58-79.78) 61.63 (58.76-64.50) 80 (78-82)

Hypertension

No 3,509,797 (44.5) 4.39 (3.97-4.85) 25.12 (24.09-26.20) 20.73 (19.59-21.88) 83 (81-84)

Yes 4,371,153 (55.5) 11.25 (10.64-11.89) 58.13 (56.73-59.56) 46.88 (45.33-48.43) 81 (79-82)

Renal failure

No 7,055,470 (89.5) 5.92 (5.57-6.29) 35.66 (34.79-36.55) 29.74 (28.79-30.69) 83 (81-84)

Yes 825,480 (10.5) 27.18 (25.05-29.49) 110.20 (105.83-114.74) 83.01 (78.04-87.99) 76 (73-78)
aCOVID-19, coronavirus disease 2019; HR, hazard ratio.
bWe derived HRs for COVID-19 hospitalization for each subcohort, adjusted for all the other patient characteristics. Vaccine effectiveness was computed as (1 � HR) � 10.
In this analysis, we combined some patient characteristics. Supplemental Table 1 shows vaccine effectiveness for all individual patient characteristics.
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All analyses were performed with SAS
Enterprise Guide statistical software, version
7.1 (SAS Institute) at the Centers for Medi-
care and Medicaid Services Virtual Research
Data Center. The study was approved by
the University of Texas Medical Branch Insti-
tutional Review Board, which waived the
need for informed consent because of the
use of deidentified data.
RESULTS

Characteristics of the Study Cohort
Table 1 presents the characteristics of
3,940,475 enrollees who received boosters
between August 12, 2021, and November
30, 2021, and 3,940,475 matched controls.
The mean age of the cohort was 74 years
(interquartile range, 70 to 80 years), and
the majority were female (4,595,366 of the
Mayo Clin Proc. n October 2022;9
7,880,950 patients [58.3%]) and non-
Hispanic White (6,807,760 of the
7,880,950 patients [86.4%]). In the target
trial approach, all covariates were well
balanced across boosted and unboosted
exposure groups (all standardized differ-
ences were <0.03 or 3%). The median
follow-up duration was identical in boosted
and unboosted groups (49 days).

COVID-19 Hospitalization in Boosted
Enrollees vs Nonboosted Controls
Table 2 presents unadjusted hospitalization
rates and adjusted hazard ratios for
COVID-19 hospitalization as a function of
vaccine and enrollee characteristics. Boosted
enrollees had 8.20 (95% CI, 7.81 to 8.60)
COVID-19 hospitalizations per million days
vs 43.70 (95% CI, 42.79 to 44.64) for con-
trols. In the adjusted analyses, boosted
7(10):1780-1793 n https://doi.org/10.1016/j.mayocp.2022.06.029
www.mayoclinicproceedings.org
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individuals had a hazard of COVID-19 hos-
pitalization of 0.19 (95% CI, 0.18 to 0.20)
compared with unboosted controls. The
booster effectiveness for COVID-19 hospital-
ization was 81% (95% CI, 80% to 82%).
Figure 1 presents the cumulative incidence
of hospitalization in the boosted and non-
boosted groups, showing a divergence of
the 2 curves throughout the 130 days of
follow-up. We estimated that approximately
69,225 hospitalizations (risk difference of
35.50 per 1 million person-days x130 x 15)
would be prevented by boosters over 130
days of follow-up among 15 million individ-
uals aged 65 years or older currently not
boosted in a period similar to the September
2020 through January 2021 period studied.
with those not boosted as a function of the months between primary
vaccine and receipt of booster. The highest effectiveness was in boosters
received 6 to 7, 7 to 8, or 8 to 9 months after the original vaccination, while
intervals of less than 6 months or greater than 9 months had lower
effectiveness. Error bars indicate 95% CIs. The number of enrollees, hos-
pitalizations, hospitalization rates, and adjusted hazard ratios for each interval
are given in Supplemental Table 2.
Association of Booster With COVID-19
Hospitalization, Stratified by Patient
Characteristics
We repeated the analyses in Table 2 and
added interaction terms between receipt of
booster and the different enrollee characteris-
tics, conducting stratified analyses in which
the interactions were significant. Table 3 pre-
sents the key stratified analyses; complete re-
sults are shown in Supplemental Table 1
(available online at http://www.mayoclinicp
roceedings.org). The booster effectiveness
ranged from 79% to 83% for different age
groups. The absolute impact of boosters,
assessed by the difference in COVID-19 hos-
pitalization rates between the boosted and
nonboosted cohorts, increased substantially
with age in those over 65, from 17.4 fewer
hospitalizations per million person-days in
those aged 66 to 70 years to 68.3 fewer hos-
pitalizations in those older than 85. Both the
relative (vaccine effectiveness) and absolute
impact of booster shots were more pro-
nounced among White enrollees (vaccine
effectiveness, 82% [95% CI, 81% to 83%]
and 37.2 fewer hospitalizations per million
patient-days) than in Black enrollees (vaccine
effectiveness, 76% [95% CI, 70% to 81%] and
33.5 fewer hospitalizations) or Hispanic
enrollees (vaccine effectiveness, 72% [95%
CI, 63% to 79%] and 26.5 fewer
Mayo Clin Proc. n October 2022;97(10):1780-1793 n https://doi.org
www.mayoclinicproceedings.org
hospitalizations). Booster effectiveness was
greater among individuals with no prior
COVID-19 infection (vaccine effectiveness,
82% [95% CI, 81% to 83%] and 36.6 fewer
hospitalizations) than those with prior infec-
tion (vaccine effectiveness, 67% [95% CI,
60% to 73%] and 19.8 fewer
hospitalizations).

Comorbidities found to be associated
with greater hospitalizations from COVID-
19 tended to have lower relative but greater
absolute booster effects. For example, the
vaccine effectiveness was only 53% (95%
CI, 44% to 61%) in enrollees with leuke-
mia/lymphoma compared with 83% (95%
CI, 82% to 84%) for those without. However,
the estimated absolute decrease in hospitali-
zations was 53.6 (95% CI, 40.0 to 67.3) in
the leukemia/lymphoma group vs 35.6
(95% CI, 34.6 to 36.6) in the controls. A
similar pattern was seen for enrollees with
anemia, cancer, heart failure, autoimmune
disease, dementia, depression, diabetes, and
renal failure (Table 3).
/10.1016/j.mayocp.2022.06.029 1789
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Association of Booster Interval With COVID-
19 Hospitalization
We assessed the effectiveness of the booster
vaccination compared with unboosted con-
trols stratified by the number of months be-
tween the original vaccination and the
booster. The unadjusted rate of hospitaliza-
tion per 1 million person-days was 26.2
(95% CI, 20.7 to 33.2) for those who
received boosters before 5 months, 17.1
(95% CI, 14.6 to 20.0) for those who
received boosters between 5 to 6 months,
and 6.1 to 8.4 for those who received
boosters between 6 to 7, 7 to 8, and 8 to 9
months (Supplemental Table 2, available on-
line at http://www.mayoclinicproceedings.
org). Figure 2 illustrates the booster effec-
tiveness by months between original vacci-
nation and booster, generated from a Cox
proportional model adjusting for enrollee
characteristics. Boosters received between 6
and 9 months after original vaccination var-
ied between 81% and 85% effectiveness,
while boosters received at 5 to 6 months
(62%) or less than 5 months (58%) were
less effective.

Sensitivity Analyses
In sensitivity analyses, we analyzed cohorts
using a traditional matching method rather
than the target trial approach
(Supplemental Figure 2). In this method,
boosted and unboosted enrollees were well
balanced, and the median follow-up was 64
days (Supplemental Table 3, available online
at http://www.mayoclinicproceedings.org).
Booster effectiveness results were similar to
the main analysis (Supplemental Figure 3
and Supplemental Table 4, available online
at http://www.mayoclinicproceedings.org).
Because the outcome measure might include
those hospitalized with COVID-19 in addi-
tion to those hospitalized because of
COVID-19,14 in sensitivity analyses we
restricted the outcome to those hospitalized
with an admitting diagnosis of COVID-19
(Supplemental Tables 5 and 6, available on-
line at http://www.mayoclinicproceedings.
org). We also added analyses of the optimal
interval between vaccination and booster us-
ing cohorts generated by traditional
Mayo Clin Proc. n October 2022;9
matching methods (Supplemental Table 7,
available online at http://www.mayoclinicp
roceedings.org) and by comparing the hospi-
talization rates within the boosted enrollees
stratified by length of the interval between
vaccination and receipt of booster
(Supplemental Table 8, available online at
http://www.mayoclinicproceedings.org). All
sensitivity analyses produced results similar
to the main analyses.

DISCUSSION
Using national Medicare claims data, we
studied over 7 million previously vaccinated
enrollees and estimated that boosters were
81% effective in further reducing the risk
of COVID-19 hospitalizations. The effective-
ness of boosters varied by individuals’ demo-
graphic and clinical characteristics, ranging
from 50% to 83%. Receipt of boosters within
6 to 9 months from the original vaccination
was associated with the largest reductions in
risk of COVID-19 hospitalizations.

Our study findings contribute to the
growing body of literature documenting the
effectiveness of COVID-19 boosters. Studies
from Israel and England found that boosters
were 85% to 95% effective against symptom-
atic COVID-19, 93% to 97% against hospital-
ization, and 81% to 99% against death
during a Delta variantedominant period.2-4

A Centers for Disease Control and Preven-
tion analysis assessed the effectiveness of
the third dose of messenger RNA booster
as 90% to 94% in preventing COVID-
19eassociated hospitalization during both
the Delta variante and Omicron
variantedominant period.7 Our estimates
of effectiveness were lower. The sensitivity
of Medicare claims data to capture booster
administration may be low, as was found
with initial vaccinations.24 This factor would
bias our estimates of effectiveness toward
the null.

Although relative effectiveness of
boosters was similar across different age
groups over 65 years of age, the absolute
number of hospitalizations prevented due
to boosters increased substantially with age.
Lower effectiveness of boosters among Black
and Hispanic patients compared with White
7(10):1780-1793 n https://doi.org/10.1016/j.mayocp.2022.06.029
www.mayoclinicproceedings.org
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patients may be due to differences in genetic
makeup and how immunogenicity is built up
among different racial/ethnic groups.25,26

Consistent with prior studies, individuals
with immunocompromised conditions had
lower relative vaccine effectiveness, but the
absolute number of hospitalizations pre-
vented was greater, underscoring the role
of vaccines in reducing the risk of hospitali-
zation among high-risk people.27

In January 2022, the FDA-recommended
interval between primary vaccination and
booster was reduced from 6 months to a 5-
month minimum.9 Our findings of reduced
effectiveness of boosters received before 6
months from the original vaccination sup-
port the original FDA recommendation. A
recent study also noted higher effectiveness
of boosters if received after 6 months
compared with before 6 months.5 A longer
duration between the first 2 doses of the
original vaccination also produced greater
antibody response.28 The effectiveness of
the first 2-dose of vaccine against COVID-
19 hospitalization and death remained
high, at approximately 89% to 93%, until 6
months after the vaccine receipt and started
declining after 7 months.29,30 Receiving a
booster between 6 to 9 months may have
extended this immunity for a longer time
and offered the greatest protection against
COVID-19 hospitalizations. In contrast, if a
booster was received before 6 months, indi-
viduals may not have benefited as much
due to the greater immunity offered by orig-
inal vaccine and booster.

This study has some limitations. As
noted previously, there may be underrecord-
ing of COVID-19 boosters in Medicare
claims data. The sensitivity of claims to iden-
tify boosters may also vary across patient
characteristics, which would affect estimates
of vaccine effectiveness for subgroups. Some
individuals are hospitalized for other condi-
tions and are incidentally diagnosed with
COVID-19.14 To address this issue, we
restricted the outcome to those with a pri-
mary admitting diagnosis of COVID-19.
Use of this strict definition of COVID-19
hospitalization resulted in findings that
were similar to the main analyses, indicating
Mayo Clin Proc. n October 2022;97(10):1780-1793 n https://doi.org
www.mayoclinicproceedings.org
the robustness of our study findings. Our es-
timates of vaccine effectiveness among indi-
viduals 65 years and older cannot be
generalized to younger people. Most of our
data came from a period when the Delta
variant of COVID-19 was dominant.31 Ana-
lyses of more recent data are needed to deter-
mine the effectiveness of boosters during the
Omicron variantedominant period. We
monitored patients for a maximum follow-
up of 4 months. Longer follow-up is needed
to determine boosters’ duration of effective-
ness against COVID-19 hospitalizations.
We did not estimate booster effectiveness
against COVID-19 diagnosis because of
poor sensitivity of claims in identifying
COVID-19 diagnosis.32
CONCLUSION
This real-world study found that boosters are
highly effective in reducing the risk of
COVID-19eassociated hospitalizations.
Boosters provided the greatest benefits if
they were received between 6 and 9 months
following original vaccinations. As per the
most recent Centers for Disease Control
and Prevention data, nearly 15 million indi-
viduals aged 65 years or older have not yet
received a booster.22 Our results suggest
that approximately 69,225 COVID-19 hospi-
talizations could be prevented by boosters in
that population in a 4-month period similar
to the one studied. Evidence from this study
and others may help improve people’s confi-
dence in boosters’ effectiveness and increase
booster uptake to combat the COVID-19
pandemic.
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