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Introduction: COVID-19 vaccines are safe, effective, and widely available, but many adults in the
U.S. have not been vaccinated for COVID-19. This study examined the associations between behav-
ioral and social drivers of vaccination with COVID-19 vaccine uptake in the U.S. adults and their
prevalence by region.

Methods: A nationally representative sample of U.S. adults participated in a cross-sectional tele-
phone survey in August−November 2021; the analysis was conducted in January 2022. Survey
questions assessed self-reported COVID-19 vaccine initiation, demographics, and behavioral and
social drivers of vaccination.

Results: Among the 255,763 respondents, 76% received their first dose of COVID-19 vaccine.
Vaccine uptake was higher among respondents aged ≥75 years (94%), females (78%), and Asian
non-Hispanic people (94%). The drivers of vaccination most strongly associated with uptake
included higher anticipated regret from nonvaccination, risk perception, and confidence in vaccine
safety and importance, followed by work- or school-related vaccination requirements, social norms,
and provider recommendation (all p<0.05). The direction of association with uptake varied by
reported level of difficulty in accessing vaccines. The prevalence of all of these behavioral and social
drivers of vaccination was highest in the Northeast region and lowest in the Midwest and South.

Conclusions: This nationally representative survey found that COVID-19 vaccine uptake was
most strongly associated with greater anticipated regret, risk perception, and confidence in vaccine
safety and importance, followed by vaccination requirements and social norms. Interventions that
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leverage these social and behavioral drivers of vaccination have the potential to increase COVID-19
vaccine uptake and could be considered for other vaccine introductions.
Am J Prev Med 2023;64(6):865−876. Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine.
TAGGEDH1INTRODUCTION TAGGEDEND
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1x See e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. x241(d); 5 U.S.
C. x552a; 44 U.S.C. x3,501 et seq.
Vaccines are a crucial tool to mitigate both individ-
ual and community impacts of the COVID-19
pandemic. The Centers for Disease Control and

Prevention (CDC)’s Advisory Committee on Immuniza-
tion Practices first recommended the use of COVID-19
vaccines for priority groups in December 2020. Vaccine eli-
gibility in the U.S. expanded to all persons aged ≥5 years
by October 2021.1 Although overall COVID-19 vaccine
initiation exceeds 80% in adults, uptake differs by age, race,
insurance status, income, region, and rurality.2,3 Vaccine
hesitancy, defined as a motivational state of being con-
flicted about or opposed to getting vaccinated, has been
identified as a barrier to vaccine uptake.4−8 To address hes-
itancy and increase COVID-19 vaccine uptake, it is impor-
tant to identify the behavioral and social drivers of
vaccination and implement interventions that address
these drivers in diverse populations and regions in the U.S.
TaggedPThe Behavioral and Social Drivers of vaccination

framework,9,10 built on the Increasing Vaccination Model,
identifies thinking and feeling, social processes, and prac-
tical issues as the key domains associated with vaccine
uptake (Appendix 1, available online).10 The social pro-
cesses domain includes constructs such as a recommenda-
tion from a healthcare provider, which is consistently
associated with higher vaccine uptake across age, racial,
and ethnic groups for both COVID-19 vaccine and other
vaccines.11,12 Within the practical issues domain, diffi-
culty of access has been identified as a barrier to COVID-
19 vaccine uptake, whereas vaccination requirements
have been suggested to increase uptake.13−15TaggedEnd
TaggedPThe National Immunization Survey Adult COVID

Module (NIS-ACM) complements other COVID-19
vaccination surveys,16−18 providing nationally and
regionally representative weekly estimates of the behav-
ioral and social drivers of COVID-19 vaccination.19,20

Data from the NIS-ACM were analyzed to assess (1) the
proportion of respondents who initiated COVID-19 vac-
cination overall, by population subgroups and by behav-
ioral and social drivers; (2) the demographic
characteristics of access barriers by vaccination status;
(3) the prevalence of behavioral and social drivers in 4
regions of the U.S.; and (4) the associations between
each level increase in behavioral and social drivers of
vaccination and COVID-19 vaccine uptake. TaggedEnd
TAGGEDH1METHODS TAGGEDEND

TaggedH2Study Sample TaggedEnd
TaggedPThe NIS-ACM generated a nationally representative sample of U.
S. adults using random-digit dialing of cell phone numbers.20 Par-
ticipants were from the 50 U.S. states, the District of Columbia,
and U.S. territories.20 The overall survey response rate ranged
from 20.9% in September to 23.4% in November 2021. TaggedEnd

TaggedPThe NIS-ACM conducted a telephone survey in English and
Spanish during August 1−November 27, 2021.21 Respondents
indicated their consent verbally; they could withdraw their con-
sent by hanging up the phone. Respondents did not receive incen-
tives for participation. The data set for this cross-sectional study
was deidentified; access to this data set can be obtained through
the NCHS Research Data Centers.22 This activity was reviewed by
CDC and conducted consistent with applicable federal law and
CDC policy.1 This study followed the STROBE reporting
guidelines.23TaggedEnd

TaggedH2Measures TaggedEnd
TaggedPThe survey assessed self-reported COVID-19 vaccine uptake or
initiation with the question, Have you received at least one dose of
a COVID-19 vaccine? with binary responses categorized as Yes
and No. Self-reported demographic factors included age (catego-
rized as 18−29, 30−39, 40−49, 50−64, 65−74, and ≥75 years),
gender (male or female), race and ethnicity (White non-Hispanic,
Black non-Hispanic, Hispanic, Asian non-Hispanic, American
Indian/Alaska Native non-Hispanic, Native Hawaiian/Pacific
Islander non-Hispanic, or other/multiple races), annual house-
hold income (below the federal poverty level for 202124; above the
federal poverty level but under $75,000; $75,000 and above; or
unknown), health insurance (not insured or insured), essential/
frontline worker status (essential healthcare, school and child
care, other frontline worker, other essential worker, or not a front-
line or essential worker), metropolitan statistical area (MSA)
(MSA principal city, MSA nonprincipal city, and non-MSA), and
U.S. Census region (Northeast, South, Midwest, and West). These
demographic factors were selected owing to disparities in vaccine
uptake between these subgroups. TaggedEnd

TaggedPIn the thinking and feeling domain, 4 questions assessed risk
perception, anticipated regret, confidence in vaccine importance,
and confidence in vaccine safety. Risk perception was assessed
with the question How concerned are you about getting COVID-
19? with ordinal responses categorized as Very concerned, Moder-
ately concerned, A little concerned, and Not at all concerned. Antic-
ipated regret if not vaccinated was assessed with the statement “If
I [do not get/had not gotten] a COVID-19 vaccine, I [will/would]
regret it,” with response options of Very strongly agree, Strongly
www.ajpmonline.org
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agree, Somewhat agree, and Do not agree. Confidence in vaccine
importance was assessed with the question, How important do
you think getting a COVID-19 vaccine is to protect yourself against
COVID-19? with response options of Very important, Somewhat
important, A little important, and Not at all important. Similarly,
confidence in vaccine safety was assessed with the question, How
safe do you think a COVID-19 vaccine is for you? with response
options of Completely safe, Very safe, Somewhat safe, and Not at
all safe. TaggedEnd

TaggedPIn the domain of social processes, 1 question assessed provider
recommendation, Has a doctor, nurse, or other health professional
ever recommended that you get a COVID-19 vaccine? with
responses of Yes or No, and another question assessed social
norms: If you had to guess, about how many of your family and
friends have received a COVID-19 vaccine? with response options
of Almost all, Many, Some, or None. TaggedEnd

TaggedPIn the domain of practical issues, 2 questions assessed the diffi-
culty of access and vaccine requirements. Difficulty of access was
assessed with the question How difficult [would it be for you/was it
for you] to get a COVID-19 vaccine? with ordinal response options
of Not at all difficult, A little difficult, Somewhat difficult, and Very
difficult. Vaccine requirement was assessed with the question Does
your work or school require you to get a COVID-19 vaccine? with
responses categorized as Yes, No, or Unemployed/not applicable. TaggedEnd
TaggedH2Statistical Analysis TaggedEnd
TaggedPVaccine uptake was weighted to represent the non-institutional-
ized U.S. population aged ≥18 years using population control
totals for age group, gender, MSA, and race/ethnicity, with further
calibration to cumulative COVID-19 vaccine administration in
September 2021 by gender and age group for each jurisdiction.
The unweighted number and weighted proportion of respondents
who self-reported COVID-19 vaccine uptake were assessed by
demographic characteristics and by responses to the behavioral
and social questions. The weighted proportion of respondents
who reported that it was very or somewhat difficult to get a
COVID-19 vaccine was calculated and stratified by vaccination
status. To examine geographic variability, the number and
weighted proportion of respondents was calculated in each of the
4 Census regions (Northeast, Midwest, South, and West). For
each region, the weighted proportion of respondents who were
very or moderately concerned about getting COVID-19, were
strongly or very strongly agreed that they would regret not getting
a COVID-19 vaccine, were confident that COVID-19 vaccines are
completely or very safe, were confident that COVID-19 vaccines
are very or somewhat important, had all or almost all friends and
family members who were vaccinated against COVID-19, had
received a provider recommendation to get a COVID-19 vaccine,
believed that it was very or somewhat difficult to get a COVID-19
vaccine, and were subject to a work or school COVID-19 vaccina-
tion requirement was reported. TaggedEnd

TaggedPFinally, the associations of COVID-19 vaccine initiation with
each behavioral and social driver of COVID-19 were evaluated
using separate ordinal logistic regressions and predictive margin-
als for each driver, controlling for demographic characteristics,
including age, gender, race, ethnicity, household income, health
insurance status, rurality, frontline/essential worker status, and
census region. The unadjusted prevalence differences were
reported in the results section because these models assume no
June 2023
interactions. The analyses used staircase coding for the predictors
that compared each level with the next higher level (i.e., for a 4-
level predictor: 1 vs 2, 2 vs 3, and 3 vs 4). Analyses used t-tests to
determine the differences between groups with statistical signifi-
cance at p<0.05. Analyses were performed using SAS (Version
9.4)25 and SUDAAN (Version 11.0.3).26 TaggedEnd
TAGGEDH1RESULTS TAGGEDEND

TaggedPAmong the 255,763 survey respondents, 20.9% were aged
18−29 years, 21.4% were aged ≥65 years, 51.6% were
female, 62.2% were White non-Hispanic, 11.9% were
Black non-Hispanic, and 17.2% were Hispanic (Table 1).
Self-reported vaccine uptake (≥1 dose of COVID-19 vac-
cine) was 76.1%. Over 75% of respondents in the follow-
ing categories reported receiving at least 1 dose of a
COVID-19 vaccine: respondents aged ≥50 years (82.2%
−94.1% by age band), females (78.2%), White non-His-
panic persons (76.6%), Asian non-Hispanic persons
(93.7%), Hispanic persons (76.9%), persons with insur-
ance (78.5%), college graduates (85.2%), persons with
advanced degrees (92.5%), school and childcare workers
(87.2%), healthcare workers (84.0%), and nonessential
workers (77.8%). The proportion of unvaccinated
respondents who reported difficulty in accessing COVID-
19 vaccines was greater among the younger age groups
(49.1%), Black non-Hispanic persons (34.6%), American
Indian or Alaska Native non-Hispanic persons (51.3%),
those with incomes below the federal poverty level
(46.3%), and rural residents (37.6%) (Table 2).TaggedEnd
TaggedPRisk perception varied by region, with 41.1% of

respondents in the Midwest and 49.1% of respondents
in the Northeast reporting being very or moderately con-
cerned about getting COVID-19 (Figure 1). In the Mid-
west, 75.7% reported confidence that COVID-19
vaccines are very or somewhat important, in contrast to
reports in the Northeast, where 86.4% reported confi-
dence that COVID-19 vaccines are very or somewhat
important. The proportion of respondents reporting
confidence that COVID-19 vaccines are completely or
very safe ranged from 60.0% in the South to 69.7% in
the Northeast. Only 39.6% of respondents in the West
reported receiving a provider recommendation com-
pared with 45.5% in the Northeast. The proportions of
respondents who reported having almost all or many
vaccinated family and friends ranged from 64.7% in the
Midwest to 79.3% in the Northeast. In the Midwest,
14.2% reported COVID-19 vaccine requirements for
work or school, whereas 25.5% of respondents in the
Northeast reported these requirements. In the Northeast,
81.3% reported that it was a little or not at all difficult to
get a COVID-19 vaccine compared with 86.2% of
respondents in the South and Midwest.TaggedEnd



TaggedEndTable 1. Demographics and COVID-19 Vaccination (≥1 Dose) Overall and Among Those Vaccinated, National Immunization
Survey Adult COVID Module, August−November 27, 2021

Demographics
Overall Received ≥1 dose of COVID-19 vaccine

n % (95% CI) n % (95% CI)

Overall 255,763 100.0 218,521 76.1 (75.7, 76.5)

Age (years)

18−29 43,176 20.9 (20.5, 21.2) 33,661 61.6 (60.7, 62.5)

30−39 41,312 17.4 (17.1, 17.7) 33,609 67.5 (66.6, 68.5)

40−49 38,817 16.0 (15.7, 16.3) 32,335 73.2 (72.2, −74.1)
50−64 70,529 24.4 (24.0, 24.7) 61,908 82.2 (81.5, 82.8)

65−74 39,541 12.6 (12.3, 12.8) 36,931 91.9 (91.3, 92.5)

75+ 17,993 8.8 (8.5, 9.0) 16,845 94.1 (93.4, 94.8)

Gender

Male 123,512 48.4 (48.0, 48.8) 103,501 74.1 (73.6, 74.7)

Female 130,142 51.6 (51.2, 52.0) 113,636 78.2 (77.7, 78.7)

Race/ethnicity

White, non-Hispanic 161,506 62.2 (61.8, 62.6) 139,038 76.6 (76.1, 77.0)

Black, non-Hispanic 29,123 11.9 (11.7, 12.2) 24,498 73.0 (71.9, 74.1)

Hispanic 32,062 17.2 (16.8, 17.5) 27,606 76.9 (75.9, 77.8)

Asian, non-Hispanic 11,630 4.2 (4.1, 4.4) 11,211 93.7 (92.5, 94.7)

American Indian/Alaska Native, non-Hispanic 3,233 1.0 (0.9, 1.0) 2,400 58.9 (54.5, 63.1)

Native Hawaiian/Pacific Islander, non-Hispanic 1,376 0.4 (0.3, 0.4) 1,088 73.6 (67.9, 78.6)

Other/multiracial 9,229 3.1 (3.0, 3.3) 7,004 64.3 (62.0, 66.5)

Household income

Below federal poverty level 23,087 10.7 (10.5, 11.0) 17,748 65.6 (64.3, 66.8)

Above FPL, <$75k annual income 79,885 32.1 (31.7, 32.4) 67,339 74.4 (73.7, 75.1)

Above FPL, ≥$75k annual income 96,807 33.0 (32.6, 33.3) 87,258 82.7 (82.1, 83.2)

Unknown income 55,984 24.3 (23.9, 24.6) 46,176 74.0 (73.2, 74.8)

Health insurance

No 19,439 10.0 (9.7, 10.2) 13,568 57.4 (56.0, 58.7)

Yes 228,709 90.0 (89.8, 90.3) 199,189 78.5 (78.1, 78.9)

Education

High school or less 62,378 39.0 (38.6, 39.4) 47,414 69.0 (68.3, 69.7)

Some college 71,183 30.5 (30.2, 30.9) 58,537 74.1 (73.5, 74.8)

College graduate 63,980 19.2 (18.9, 19.5) 58,389 85.2 (84.5, 85.9)

Advanced degree 50,571 11.2 (11.0, 11.4) 48,274 92.5 (91.9, 93.1)

Frontline and essential worker status

Essential healthcare 27,183 9.3 (9.1, 9.5) 24,755 84.0 (83.0, 85.0)

School and child care 9,526 2.9 (2.8, 3.0) 8,865 87.2 (85.6, 88.7)

Other frontline worker 16,550 7.4 (7.1, 7.6) 12,974 66.3 (64.8, 67.8)

Other essential worker 29,336 12.5 (12.2, 12.7) 22,909 66.2 (65.0, 67.3)

Not a frontline or essential worker 171,446 68.0 (67.6, 68.3) 148,110 77.8 (77.4, 78.2)

Rurality

MSA, principal city 89,931 33.0 (32.6, 33.3) 78,932 78.2 (77.5, 78.8)

MSA, nonprincipal city 117,845 53.2 (52.8,53.6) 102,002 77.3 (76.8, 77.8)

Non-MSA 47,987 13.8 (13.6, 14.1) 37,587 66.6 (65.5, 67.6)

Census region

Northeast 51,698 17.4 (17.2, 17.6) 46,457 84.5 (83.8, 85.1)

Midwest 45,899 20.8 (20.5, 21.0) 38,535 70.4 (69.5, 71.3)

(continued on next page)
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Table 1. Demographics and COVID-19 Vaccination (≥1 Dose) Overall and Among Those Vaccinated, National Immunization
Survey Adult COVID Module, August−November 27, 2021 (continued)

Demographics
Overall Received ≥1 dose of COVID-19 vaccine

n % (95% CI) n % (95% CI)

South 91,715 38.0 (37.7, 38.3) 77,005 72.1 (71.5, 72.7)

West 55,277 23.8 (23.5, 24.0) 46,489 80.8 (80.1, 81.5)

Note: Table reports weighted percentages.
Census regions: West: Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Washington, and Wyoming.
South: Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Maryland, Mississippi, North Carolina, Louisiana, Oklahoma,
South Carolina, Tennessee, Texas, Virginia, and West Virginia. Northeast: Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New
York, Pennsylvania, Rhode Island, and Vermont. Midwest: Indiana, Illinois, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota,
Ohio, South Dakota, and Wisconsin.
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TaggedPEach higher level of the Behavioral and Social Drivers
of vaccination constructs was associated with a higher
likelihood of vaccine uptake, reported in marginal preva-
lence differences, where each level was compared with
the level preceding (Table 3). In the thinking and feeling
domain, anticipated regret of not receiving a vaccine and
then getting infected with COVID-19, confidence in vac-
cine safety, and confidence in vaccine importance were
most strongly associated with receiving a COVID-19
vaccine. Confidence that COVID-19 vaccines are some-
what safe was associated with an unadjusted 57.0 per-
centage point (95% CI=55.9, 58.1) higher uptake than a
lack of such confidence (Table 3). For each level of confi-
dence in vaccine importance, the likelihood of vaccine
uptake was 25.2 (95% CI=23.2, 27.1) to 29.8 (95%
CI=28.0, 31.6) percentage points higher. For the social
norms construct, reporting some family and friends vac-
cinated was associated with a 28.1 (95% CI=26.2, 30.0)
percentage point higher likelihood of uptake than
reporting having no family or friends who were vacci-
nated. Provider recommendation and vaccination
requirements were associated with 11.6 (95% CI=10.9,
12.3) percentage points and 21.8 (95% CI=21.1, 22.6)
percentage points higher vaccination likelihood, respec-
tively. Those who reported that it was a little difficult to
get a vaccine were 12.9 (95% CI=12.0, 13.9) percentage
points more likely to be vaccinated than those who
reported that it was not at all difficult. Adjusted rates
were similar to the likelihood of vaccine uptake in the
unadjusted model. TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND

TaggedPThis nationally representative survey of over 200,000 U.
S. adults identified the behavioral and social drivers asso-
ciated with COVID-19 vaccination nationally and
regionally. Vaccine uptake was most strongly associated
with anticipated regret if not vaccinated, risk perception,
confidence in vaccine safety, and confidence in vaccine
importance, followed by a smaller magnitude of
June 2023
association with social norms, vaccination requirements,
ease of access, and provider recommendation. In con-
trast to reports from earlier studies in the COVID-19
vaccination roll out,27,28 the analysis did not find self-
reported difficulty uniformly associated with lower
receipt of vaccine. This unexpected finding might be
attributable to extensive efforts to reduce access barriers,
including mobile vaccination sites, removing an insur-
ance or identification requirement, and substantial com-
munity-led outreach.29−31 Alternatively, the impact of
access barriers on uptake could be modified by other
contextual or community-level environmental factors.32
−34 In addition, this finding might be ascribed to a limi-
tation in the survey question, given the heterogeneity
between overall rates of difficulty in accessing the vac-
cine and those rates among the unvaccinated between
demographic strata. TaggedEnd
TaggedPRespondents in the Northeast reported the highest

prevalence of confidence in vaccine safety and impor-
tance, risk perception, social norms, and provider rec-
ommendations, whereas respondents in the Midwest
and South consistently reported the lowest prevalence of
these drivers. The lower prevalence of these behavioral
and social drivers in the Midwest and South might con-
tribute to the lower COVID-19 vaccine uptake in these
regions than in the Northeast and West. TaggedEnd
TaggedPAlthough the thinking and feeling constructs were

associated with uptake, few effective, evidence-based
interventions that act upon these constructs to increase
vaccination rates have been identified.10 That is,
although anticipated regret in not being vaccinated, con-
fidence in vaccine safety, and confidence in vaccine
importance are associated with vaccine uptake, it is not
clear how to use persuasive or educational techniques to
reliably change these perceptions. More innovative
approaches are needed to improve vaccine confidence in
a manner that achieves improvements in vaccine uptake. TaggedEnd
TaggedPIn the social processes domain, strong associations were

identified between the proportion of family and friends
vaccinated (social norms) and vaccination uptake. These



TaggedEndTable 2. Self-Reported Difficulty in Getting a COVID-19 Vaccine Overall and Among Those Unvaccinated, National Immuniza-
tion Survey Adult COVID Module, August 1−November 27, 2021

It was very or somewhat difficult to get a COVID-19 vaccine

Overall
Not vaccinated

Demographics n % (95% CI) % (95% CI)

Age (years)

18−29 4,627 11.5 (10.9, 12.1) 49.1 (46.5, 51.8)

30−39 5,353 12.1 (11.5, 12.7) 31.6 (28.9, 34.3)

40−49 5,076 13.9 (13.2, 14.6) 22.7 (20.5, 25.2)

50−64 9,867 14.8 (14.2, 15.3) 14.3 (12.8, 15.9)

65−74 7,359 20.6 (19.7, 21.4) 5.5 (4.3, 6.9)

75+ 3,035 20.3 (19.1, 21.5) 4.9 (3.7, 6.4)

Gender

Male 15,687 13.3 (13.0, 13.7) 24.2 (22.8, 25.7)

Female 20,021 16.0 (15.6, 16.4) 18.2 (17.0, 19.4)

Race/ethnicity

White, non-Hispanic 3,903 15.8 (15.4, 16.1) 17.0 (16.0, 18.1)

Black, non-Hispanic 24,008 12.4 (11.6, 13.1) 34.6 (31.3, 38.1)

Hispanic 3,486 12.3 (11.6. 13.0) 27.6 (24.8, 30.7)

Asian, non-Hispanic 1,692 15.3 (14.0, 16.7) 6.0 (3.8, 9.4)

American Indian/Alaska Native, non-
Hispanic

410 12.3 (10.1, 14.9) 51.3 (41.4, 61.1)

Native Hawaiian/Pacific Islander non-
Hispanic

162 13.2 (9.7, 17.8) 28.3 (17.3, 42.9)

Other/multiracial 1,237 16.1 (14.4, 17.8) 37.0 (31.2, 43.1)

Income

Below FPL 2,913 13.8 (13.0, 14.7) 46.3 (42.9, 49.8)

Above FPL, <$75K annual income 9,901 13.2 (12.7, 13.7) 23.7 (22.0, 25.6)

Above FPL, ≥$75K annual income 15,069 15.9 (15.5, 16.4) 9.3 (8.3, 10.4)

Unknown income 8,147 15.7 (15.1, 16.3) 24.2 (22.3, 26.2)

Health insurance

No 2,200 12.2 (11.3, 13.1) 17.9 (17.0, 18.8)

Yes 32,847 15.0 (14.7, 15.3) 51.1 (47.2, 55.0)

Education

High school or less 7,106 12.7 (12.2, 13.2) 27.1 (25.2, 29.1)

Some college 8,779 13.7 (13.2, 14.3) 18.2 (17.2, 19.3)

College graduate 9,456 16.9 (16.3, 17.5) 36.4 (34.5, 38.4)

Advanced degree 9,629 20.5 (19.8, 21.3) 21.8 (20.2, 23.6)

Essential/frontline worker

No 26,269 15.7 (15.4, 16.1) 6.9 (5.9, 8.1)

Yes 9,234 12.6 (12.1, 13.1) 4.0 (3.0, 5.3)

Rurality

MSA, principal city 13,101 14.5 (14.0, 14.9) 21.5 (20.0, 23.2)

MSA, nonprincipal city 18,128 15.8 (15.4, 16.2) 17.6 (16.4, 18.8)

Non-MSA 4,801 11.3 (10.6, 11.9) 37.6 (34.7, 40.6)

Census region

Northeast 8,498 18.7 (18.1, 19.4) 10.7 (9.4, 12.2)

Midwest 5,954 13.8 (13.2, 14.4) 26.3 (24.1, 28.6)

South 13,553 13.8 (13.4, 14.3) 26.1 (24.5, 27.8)

West 7,126 14.4 (13.8, 15.1) 18.3 (16.4, 20.4)

FPL, federal poverty level.

www.ajpmonline.org

TaggedEnd870 Bonner et al / Am J Prev Med 2023;64(6):865−876
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Figure 1. Prevalence (and 95% CI) of BeSDs of vaccination among adults by Census region, August 1−November 27, 2021.
BeSD, behavioral and social driver.
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findings underscore the critical role of social processes in
increasing vaccination, particularly because individuals
tend to underestimate the proportion of their social net-
works that are vaccinated.27,35,36 However, it is also impor-
tant to note that simply communicating descriptive norms
has not been effective in increasing vaccine uptake.37 Tai-
lored and community-led interventions, including ZIP
code�level vaccination access planning and community
engagement, have been shown to reduce inequities in
COVID-19 vaccination by race and ethnicity.38−40 One
particularly promising intervention could be encouraging
vaccinated people to be peer ambassadors and disclose
their vaccination status to family and friends. After 1 vac-
cine ambassador training in Los Angeles County, CA, 83%
of community vaccine ambassadors reported motivating at
least 1 person, and 19% reported motivating at least 6
unvaccinated people to get a COVID-19 vaccine.41 Given
the disparities in vaccination rates by race and ethnicity as
well as the disproportionate burden of COVID-19 in these
communities,42,43 it is important to strengthen commu-
nity-led interventions from trusted individuals among
these groups.44,45TaggedEnd
June 2023
TaggedPProvider recommendation remains a key component
to increasing vaccine uptake, even for those who
describe themselves as vaccine hesitant.46 Providers,
pharmacists, and nurses are consistently listed as one of
the most trusted sources of health information28,47 and
are frequently cited as the reason their patients opt to
receive a vaccine.48,49 The impact of provider recom-
mendations extends to health professionals in other con-
texts, including mental health.50 The association of
provider recommendation and vaccine uptake might be
somewhat attenuated in these findings owing to the
underuse of primary care services during the COVID-19
pandemic and the high proportion of adults in the U.S.
without a primary care provider,51 limiting opportuni-
ties for providers to convey recommendations. Actions
should be taken to encourage providers to actively reach
out to patients and encourage vaccination and to ensure
the quality of providers’ recommendations.52−55 TaggedEnd
TaggedPInterventions in the practical issues domain have con-

sistently been associated with increased uptake, even
without trying to change risk perception or vaccine
confidence.14,56,57 Although practical issues encompass



TaggedEndTable 3. Association Between Behavioral and Social Drivers and COVID-19 Vaccination (≥1 Dose), National Immunization Survey Adult COVID Module, August 1−Novem-
ber 27, 2021

Unadjusted Adjusted for demographics

Behavioral and social drivers of vaccination Vaccinated %a (95% CI) Marginal prevalence differenceb (95% CI) Marginal prevalence differenceb (95% CI)

Thinking and feeling

Concerned about getting COVID-19

Not at all concerned 53.5 (52.7, 54.4) — —
A little concerned 78.9 (78.2, 79.6) 25.2** (24.1, 26.3) 21.6** (20.5, 22.6)

Moderately concerned 85.5 (84.9, 86.1) 6.6** (5.7, 7.5) 5.5** (4.6, 6.4)

Very concerned 89.5 (88.9, 90.1) 4.0** (3.1, 4.9) 3.1** (2.2, 4.0)

Anticipated regret if not vaccinated

Do not agree 32.0 (31.2, 32.7) — —
Somewhat agree 79.2 (78.3, 80.0) 47.2** (46.0, 48.3) 42.3** (41.1, 43.5)

Strongly agree 95.2 (94.8, 95.6) 16.0** (15.1, 16.9) 14.0** (13.0, 14.9)

Very strongly agree 97.3 (97.0, 97.6) 2.0** (1.6, 2.5) 2.1** (1.7, 2.7)

Thinks that a COVID-19 vaccine is important

Not at all important 11.1 (10.4, 11.8) — —
A little important 40.8 (39.2, 42.5) 29.8** (28.0, 31.6) 31.8** (30.0, 33.7)

Somewhat important 65.9 (64.8, 67.0) 25.2** (23.2, 27.1) 23.5** (21.6, 25.5)

Very important 95.3 (95.1, 95.6) 29.3** (28.2, 30.4) 24.5** (23.5, 25.6)

Thinks that a COVID-19 vaccine is safe

Not at all safe 10.2 (9.5, 10.9) — —
Somewhat safe 67.1 (66.3, 68.0) 57.0** (55.9, 58.1) 55.1** (53.8−56.4)

Very safe 94.9 (94.5, 95.2) 27.7** (26.7, 28.6) 24.6** (23.7−25.5)

Completely safe 96.8 (96.5, 97.1) 1.9** (1.5, 2.3) 2.2** (1.7, 2.7)

Social processes

Healthcare provider recommended vaccine

No 71.1 (70.6, 71.6) — —
Yes 82.9 (82.4, 83.4) 11.6** (10.9, 12.3) 8.6** (7.9, 9.3)

Friends and family vaccinated

None 18.5 (16.8, 20.3) — —
Some 46.5 (45.7, 47.3) 28.1** (26.2, 30.0) 26.5** (24.2, 28.8)

Many 82.0 (81.3, 82.7) 35.5** (34.4, 36.6) 30.5** (29.4, 31.6)

Almost all 94.1 (93.8, 94.4) 12.0** (11.2, 12.8) 10.2** (9.4, 11.0)

Practical issues

Difficulty in getting a COVID-19 vaccine

Not at all difficult 74.3 (73.8, 74.7) — —
A little difficult 87.3 (86.4, 88.1) 12.9** (12.0, 13.9) 10.7** (9.7, 11.6)

(continued on next page)
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an array of challenges, including patient experiences,
transport costs, and overall difficulty in accessing vacci-
nation,4 this survey explores only 2 facets: self-reported
access difficulties and vaccination requirements. These
findings illustrate a strong and positive association
between vaccination requirements and vaccine uptake.
Vaccination requirements have been associated with
reductions in ethnic and racial disparities in vaccination
coverage41 and higher levels of vaccine confidence
among healthcare workers.58 That said, the implementa-
tion of vaccination requirements requires care. Because
the effectiveness of vaccination requirements depends
on the context in which requirements are implemented,
best practices include provisions for stable access to vac-
cines, multiple interventions in addition to requirements
that encourage uptake, and fair and equitable adminis-
tration of vaccination requirements.59 Other promising
interventions in the practical issues domain include vac-
cination incentives (when incentives are delivered
immediately, with certainty, and valued by recipients),
onsite vaccination, and reminders.60 TaggedEnd

TaggedH2Limitations TaggedEnd
TaggedPThis study has 4 main limitations. First, as a random-
digit-dial survey, institutionalized individuals or those
without a phone or only a landline telephone would not
be eligible for inclusion in this survey. Second, the
response rate ranged from 20.9% in September to 23.4%
in November, although it is consistent with other
nationally representative surveys.20 To address potential
bias from incomplete sample frame and nonresponse,
the National Immunization Surveys weigh responses to
the non-institutionalized U.S. adult population.61 Third,
vaccine status was self-reported rather than verified.
Although a limitation, assessments have found self-
report to be 98% accurate when compared with vaccina-
tion attestation.62 In addition, the NIS-ACM survey
weights included calibration to regional COVID-19 vac-
cine administration data, mitigating systematic errors in
vaccine uptake from incomplete sample frame, nonre-
sponse, and errors in self-reported vaccination status.
Fourth, it was assumed that the relationships between
behavioral and social drivers and COVID-19 vaccine
uptake remained constant over the 4-month data collec-
tion period, as reported elsewhere.63TaggedEnd
TAGGEDH1CONCLUSIONSTAGGEDEND

TaggedPThis study identifies risk perception, confidence in vac-
cine safety and importance, and anticipated regret as the
leading behavioral and social drivers associated with
COVID-19 vaccine uptake, followed by smaller associa-
tions between social norms, vaccination requirements,
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and provider recommendations on vaccine uptake. The
findings from this study provide data that can be used to
design interventions to increase COVID-19 vaccine
uptake: leveraging social norms to equip individuals to
be vaccine ambassadors to family and friends, support-
ing healthcare workers to make effective vaccine recom-
mendations, researching ways to change risk
perceptions and confidence in vaccine safety and impor-
tance, and implementing vaccination requirements in an
equitable manner. TaggedEnd
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