
1Agaku I, et al. Fam Med Com Health 2023;11:e001769. doi:10.1136/fmch-2022-001769

Open access 

Segmentation analysis of the 
unvaccinated US adult population 2 
years into the COVID- 19 pandemic, 1 
December 2021 to 7 February 2022

Israel Agaku    ,1,2 Caleb Adeoye,2 Naa Adjeley Anamor Krow,2 Theodore Long2

To cite: Agaku I, Adeoye C, 
Krow NAA, et al.  Segmentation 
analysis of the unvaccinated 
US adult population 2 years 
into the COVID- 19 pandemic, 1 
December 2021 to 7 February 
2022. Fam Med Com Health 
2023;11:e001769. doi:10.1136/
fmch-2022-001769

1Oral Health Policy and 
Epidemiology, Harvard School 
of Dental Medicine, Boston, 
Massachusetts, USA
2New York City Test & Trace 
Corps, New York City, New York, 
USA

Correspondence to
Dr Israel Agaku;  
 iagaku@ post. harvard. edu

Original research

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objective We performed a segmentation analysis 
of the unvaccinated adult US population to identify 
sociodemographic and psychographic characteristics of 
those who were vaccine accepting, vaccine unsure and 
vaccine averse.
Design Cross- sectional.
Setting Nationally representative, web- based survey.
Participants 211 303 participants aged ≥18 years were 
asked in the Household Pulse Survey conducted during 
1 December 2021 to 7 February 2022, whether they 
had ever received a COVID- 19 vaccine. Those answering 
‘No’ were asked their receptivity to the vaccine and their 
responses were categorised as vaccine averse, unsure 
and accepting. Adjusted prevalence ratios (APR) were 
calculated in separate multivariable Poisson regression 
models to evaluate the correlation of the three vaccine 
dispositions.
Results Overall, 15.2% of US adults were unvaccinated 
during 1 December 2021 to 7 February 2022, ranging 
from 5.8% in District of Columbia to 29.0% in Wyoming. 
Of the entire unvaccinated population nationwide, 51.0% 
were vaccine averse, 35.0% vaccine unsure and 14.0% 
vaccine accepting. The likelihood of vaccine aversion was 
higher among those self- employed (APR=1.11, 95% CI 
1.02 to 1.22) or working in a private company (APR=1.09, 
95% CI 1.01 to 1.17) than those unemployed; living 
in a detached, single- family house than in a multiunit 
apartment (APR=1.15, 95% CI 1.04 to 1.26); and insured 
by Veterans Affairs/Tricare than uninsured (APR=1.22, 95% 
CI 1.01 to 1.47). Reasons for having not yet received a 
vaccine differed among those vaccine accepting, unsure 
and averse. The percentage reporting logistical or access- 
related barriers to getting a vaccine (eg, difficulty getting 
a vaccine, or perceived cost of the vaccine) was relatively 
higher than those vaccine accepting. Those vaccine unsure 
reported the highest prevalence of barriers related to 
perceived safety/effectiveness, including wanting to ‘wait 
and see’ if the vaccines were safe (45.2%) and uncertainty 
whether the vaccines would be effective in protecting 
them from COVID- 19 (29.6%). Those vaccine averse 
reported the highest prevalence for barriers pertaining to 
lack of trust in the government or in the vaccines (50.1% 
and 57.5% respectively), the perception that COVID- 19 
was not that big of a threat (32.2%) and the perception 
that they did not need a vaccine (42.3%).

Conclusions The unvaccinated segment of the population 
is not a monolith, and a substantial segment may still 
get vaccinated if constraining factors are adequately 
addressed.

INTRODUCTION
The year 2022 marks a major turning point 
in the global fight against the COVID- 19 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ COVID- 19 vaccines are safe and effective at reduc-
ing the risk of COVID- 19 infection, serious illness 
and death. Yet, a substantial segment of the US 
adult population is yet to be vaccinated 1 year after 
the first COVID- 19 vaccine became available. We 
described the proportion of unvaccinated American 
adults who may still be open to getting vaccinated 
against COVID- 19.

WHAT THIS STUDY ADDS
 ⇒ Overall, 15.2% of US adults were unvaccinated 
during 1 December 2021 to 7 February 2022, as 
assessed in the Household Pulse Survey (pooled 
n=211 303). Of the unvaccinated, 51.0% were 
vaccine averse, 35.0% vaccine unsure and 14.0% 
vaccine accepting, with differing reasons for having 
not yet received a vaccine. Those vaccine accept-
ing reported the highest prevalence for logistical or 
access- related barriers such as difficulty getting a 
vaccine, or perceived cost. Those vaccine unsure 
reported the highest prevalence of barriers related 
to perceived safety/effectiveness. Conversely, those 
vaccine averse reported the highest prevalence for 
barriers pertaining to lack of trust in the govern-
ment or in the vaccines, coupled with low perceived 
susceptibility to and low perceived seriousness of 
COVID- 19.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The unvaccinated are not a monolith but vary in their 
underlying perceived barriers. These data could in-
form targeted efforts to increase COVID- 19 vaccine 
uptake. The ‘unsure’ and ‘accepting’ are potential 
targets, with different approaches for each.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5116-2961
http://crossmark.crossref.org/dialog/?doi=10.1136/fmch-2022-001769&domain=pdf&date_stamp=2023-02-17
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pandemic. Remarkable efforts have been made to over-
come logistical constraints in the supply chain,1 and in 
the USA, COVID- 19 vaccine supply has met and exceeded 
demand.2 3 Yet, non- trivial segments of the population are 
yet to receive a vaccine dose.4 5 Previous studies at the start 
of vaccine rollout characterised these individuals,6–8 but it 
is not clear how these characteristics may have changed 
over the course of the pandemic.

Targeted efforts to scale vaccine coverage to cover as 
much of the population as possible will involve targeting 
those who might be open to receiving a COVID- 19 vaccine 
if their reasons for concern are addressed. Recognising 
that potential differences in vaccine disposition might 
exist among the unvaccinated population, it is important 
to segment this population into those that are vaccine 
accepting, vaccine unsure and vaccine averse, as each of 
these subsegments might warrant unique interventions. 
Urgency for such targeted interventions is warranted 
as most COVID- 19 restrictions have been removed,9 
including several international travel restrictions. With a 
return to on- site work and increased social interaction, 
there may be a higher risk of exposure to susceptible 
individuals.10 Looking for ways to specifically target those 
who were unsure or accepting could inform future vacci-
nation efforts, especially in the light of the possibility of 
new emerging/re- emerging infectious diseases.

To provide novel insights to inform public health plan-
ning, programmes and policy in this rapidly evolving 
COVID- 19 landscape, we performed a segmentation 
analysis of the unvaccinated population to identify socio-
demographic and psychographic characteristics of those 
who were vaccine accepting, vaccine unsure and vaccine 
averse. This nuanced approach improves on several 
past studies that lumped all these three segments as 
one homogenous bloc of ‘vaccine hesitant’ individuals. 
As these vaccine- hesitant individuals comprise vaccine- 
averse individuals,11 a secondary objective of our study 
was to examine what ideological factors were the stron-
gest drivers of such aversion when comparing subgroups 
with the highest versus lowest prevalence of vaccine aver-
sion. In other words, how much of the gap in vaccine aver-
sion between the most and least vaccine- averse groups was 
explained by the differences in various vaccine- related 
attitudes and perceptions. From an equity perspective, we 
broke down these differences in vaccine aversion along 
the lines of several indicators associated with disparity, 
including indicators of socioeconomic position, race/
ethnicity, gender, mental health status and disability.

METHODS
Data source
Data were from the Household Pulse Survey conducted 
between 1 December 2021 and 7 February 2022. The 
Household Pulse Survey is an ongoing, biweekly survey 
of the civilian, non- institutionalised US population 
aged ≥18 years conducted by the US Census Bureau.12 
Participants were randomly selected to represent the 

nation, individual states and selected metropolitan areas. 
The Household Pulse Survey uses the Census Bureau’s 
Master Address File as the source of sampled housing 
units. The sample design was a systematic sample of all 
eligible housing units, with adjustments applied to the 
sampling intervals to select a large enough sample to 
create state- level estimates and estimates for the top 15 
metropolitan statistical areas. To field the survey, the 
US Census Bureau conducts this information collection 
online using Qualtrics as the data collection platform. 
All survey initiations for the Household Pulse Survey are 
distributed to sampled participants via email and short 
messaging service (SMS), and data collection occurs 
entirely on the web. The data collection platform is 
optimised for use on a mobile device, so may be used 
via any type of internet access. To increase sample size 
and generate smaller subsample estimates with greater 
precision, we combined data from three survey cycles 
conducted during 1 December 2021 to 7 February 2022 
(pooled n=211 303). Ethical review was not sought as the 
secondary data set was deidentified and lacked private 
information. Likewise, publicly available data set was 
deidentified and lacked private information.

Measures
Vaccine status and attitudes
To assess vaccination status, the survey asked participants 
whether they had ever ‘received a COVID- 19 vaccine’ 
(‘Yes’ or ‘No’). Those answering ‘No’ were asked reasons 
for having not yet received a COVID- 19 vaccine. Their 
receptivity to being vaccinated was assessed with the ques-
tion: ‘Once a vaccine to prevent COVID- 19 available to 
you would you…’ (1) ‘Definitely get a vaccine’; (2) ‘Prob-
ably get a vaccine’; (3) ‘Be unsure about getting a vaccine’; 
(4) ‘Probably NOT get a vaccine’; (5) ‘Definitely NOT 
get a vaccine’. We used participants’ responses to catego-
rise them as vaccine averse (a ‘definitely not’ response), 
vaccine unsure (a ‘probably not’ or an ‘unsure’ response) 
or vaccine accepting (everyone else).

Disability
Disability/limitation was defined based on self- reported 
presence of selected impairments, including vision, 
hearing, cognition and movement. Any disability/limita-
tion was defined as an affirmative response pertaining to 
at least one of the disabilities/limitations listed.

Mental health status
Participants were asked how often they had symptoms of 
anxiety, worry, anhedonia (lack of interest) and depres-
sion over the last 2 weeks. Potential response options for 
each question included ‘Not at all’, ‘Several days’, ‘More 
than half the days’ and ‘Nearly every day’. Each variable 
was dichotomised such that ‘Not at all’ indicated the 
absence of the symptom and ‘Several days’, ‘More than 
half the days’ and ‘Nearly every day’ indicated the pres-
ence of the symptom (ie, any days).
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Sociodemographic characteristics
These included gender, race/ethnicity, education, age 
group, household type (ie, multiple, or single adult 
household with or without children), dwelling (single 
or multiunit dwelling), employer (government, private, 
non- profit organisation, self- employed/family business, 
other) and occupational setting. Since numerous public 
health interventions and programmes have been deliv-
ered at the workplace (eg, employer- assisted housing, 
smoking cessation counselling, childcare and insurance, 
among others),13–16 we were interested in exploring how 
vaccine hesitancy varied by different settings and what 
opportunities could exist to leverage the workplace to 
better improve vaccine coverage.

Statistical analyses
Data were weighted to yield representative estimates; all 
percentages, including prevalence estimates and popu-
lation distributions, are weighted, whereas raw counts 
are unweighted. The percentage of unvaccinated adults 
was calculated nationally and by state (denominator 
comprising all US adults aged 18+ years). Among the 
unvaccinated (ie, denominator comprising US adults 
aged 18+ years who reported they had never received a 
COVID- 19 vaccine), reasons for not yet being vaccinated 
were compared by vaccine disposition (ie, vaccine averse, 
unsure and accepting).

Adjusted prevalence ratios (APR) were calculated in 
three multivariable Poisson regression models to evaluate 
binary indicators of COVID- 19 vaccine aversion, unsure-
ness and acceptance as functions of key explanatory vari-
ables and control covariates. Our null hypothesis was that 
these indicators had no association with key explanatory 
variables. Among the reasons cited as barriers to vacci-
nation, we used Blinder- Oaxaca decomposition analysis17 
to determine which reasons were the strongest drivers of 
vaccine aversion. Specifically, we measured how much of 
the gap in vaccine aversion between the most averse and 
the least averse sociodemographic groups (for indicators 
with at least 10 percentage points difference in vaccine 
aversion between the most and least averse) was explained 
by each of the stated reasons for non- vaccination individ-
ually and in groups of related reasons (perceived vaccine 
safety/effectiveness, social capital as measured by trust 
in government and in the vaccine, access to COVID- 19 
vaccines and perceived susceptibility towards COVID- 19). 
A two- sided alpha of 0.05 was used to determine statistical 
significance. All statistical analyses were performed using 
Stata V.15.

RESULTS
The unvaccinated US population and its segments
Overall, 15.2% of US adults were unvaccinated during 1 
December 2021 to 7 February 2022, ranging from 5.8% 
in District of Columbia (DC) to 29.0% in Wyoming 
(table 1, figure 1). By occupation type, the percentage 
of unvaccinated was lowest among those working in 

hospitals (4.0%) but highest among those working in 
agriculture, forestry, fishing or hunting (33.1%). Of the 
entire unvaccinated population nationwide, 51.0% were 
vaccine averse, 35.0% vaccine unsure and 14.0% vaccine 
accepting. Vaccine aversion among the unvaccinated was 
highest in Alaska (66.5%), adults with household income 
of 200 000 per annum, aged 65+ years, non- Hispanic 
white, insured by Veterans Affairs (VA)/Tricare and with 
a graduate degree (table 2). By gender, vaccine aversion 
among the unvaccinated was highest among those identi-
fying as transgender (67.2%) and other gender not other-
wise specified (69.5%). Other disparities in vaccination 
status existed by income, age and number of children in 
the household, as shown in table 2.

Among the unvaccinated, occupational differences 
existed in vaccine disposition. For example, unvaccinated 
deathcare workers (eg, mortuary home workers) were the 
least ambivalent regarding whether they would accept a 
COVID- 19 vaccine (ie, vaccine unsure). Specifically, only 
7.2% of unvaccinated deathcare workers reported being 
vaccine unsure, whereas 67% were vaccine averse and 
25.7% were vaccine accepting. In contrast, about one- third 
or higher of the unvaccinated in many other occupational 
settings reported being vaccine unsure, including those 
working in pharmacies (62.6%), social service workers 
(46.6%), US Postal Service workers (41.3%), people 
working in correctional facilities (37.4%), retailers in 
food or beverage stores (37.8%) and healthcare workers 
in ambulatory facilities (36.2%),

Factors associated with the different vaccine dispositions 
among the unvaccinated
Within adjusted analysis (table 3), vaccine accep-
tance was lower among those with an associate degree 
(APR=0.60, 95% CI 0.43 to 0.82), earning 200 000 per 
annum (APR=0.45, 95% CI 0.26 to 0.77), working in a 
private company (APR=0.74, 95% CI 0.61 to 0.91) or 
self- employed (APR=0.69, 95% CI 0.51 to 0.94), whereas 
Hispanics (APR=2.24, 95% CI 1.83 to 2.74) and blacks 
(APR=2.30, 95% CI 1.85 to 2.86) were twice as likely to 
be vaccine accepting than whites. The relationship with 
vaccine aversion was in the opposite direction for many of 
these subgroups. For example, lower likelihood of vaccine 
aversion was seen among Hispanics (APR=0.68, 95% 
CI 0.61 to 0.77) and blacks (APR=0.65, 95% CI 0.56 to 
0.74) than whites. The likelihood of vaccine aversion was 
further higher among those self- employed (APR=1.11, 
95% CI 1.02 to 1.22) or working in a private company 
(APR=1.09, 95% CI 1.01 to 1.17) than those unemployed; 
living in a detached, single- family house than in a multi-
unit apartment (APR=1.15, 95% CI 1.04 to 1.26), insured 
by VA/Tricare than uninsured (APR=1.22, 95% CI 1.01 to 
1.47), with an associate degree (APR=1.20, 95% CI 1.04 
to 1.38) or a graduate degree (APR=1.17, 95% CI 1.02 to 
1.35) than those with less than high school; with house-
hold income of 200 000+ per annum than less than 25 000 
(APR=1.15, 95% CI 1.01 to 1.30) and aged 25–44 years 
(APR=1.19, 95% CI 1.03 to 1.36), 45–64 years (APR=1.26, 



4 Agaku I, et al. Fam Med Com Health 2023;11:e001769. doi:10.1136/fmch-2022-001769

Open access 

Table 1 Vaccine disposition of unvaccinated US adults by state, Household Pulse Survey, 1 December 2021 to 7 February 
2022

Location

Overall population 
(n=211 303) Unvaccinated population (n=21 537)

Percentage of 
unvaccinated
% (95% CI)

Vaccine averse
% (95% CI)

Vaccine unsure
% (95% CI)

Vaccine accepting
% (95% CI)

Nationally 15.2 (14.8 to 15.6) 51.0 (49.6 to 52.3) 35.0 (33.8 to 36.3) 14.0 (13.0 to 15.0)

Alabama 22.7 (19.7 to 25.7) 48.5 (40.7 to 56.3) 40.0 (32.3 to 47.7) 11.5 (7.1 to 15.9)

Alaska 20.5 (17.1 to 24.0) 66.5 (58.6 to 74.5) 26.4 (19.3 to 33.4) 7.1 (3.5 to 10.7)

Arizona 20.0 (18.0 to 22.1) 44.0 (38.2 to 49.7) 37.5 (31.7 to 43.3) 18.5 (13.0 to 24.1)

Arkansas 22.7 (19.5 to 25.8) 57.7 (49.8 to 65.7) 29.6 (22.8 to 36.5) 12.6 (7.3 to 17.9)

California 9.7 (8.4 to 11.0) 46.8 (39.5 to 54.0) 30.2 (24.1 to 36.3) 23.0 (16.1 to 30.0)

Colorado 12.6 (11.0 to 14.2) 52.8 (45.8 to 59.9) 35.5 (28.5 to 42.5) 11.7 (7.2 to 16.2)

Connecticut 7.7 (6.4 to 9.1) 52.0 (43.0 to 61.1) 28.3 (20.5 to 36.1) 19.7 (12.5 to 26.8)

Delaware 9.5 (7.6 to 11.4) 43.3 (33.0 to 53.6) 41.5 (30.6 to 52.5) 15.1 (8.4 to 21.8)

District of Columbia 5.8 (3.8 to 7.7) 48.7 (31.1 to 66.4) 27.5 (13.5 to 41.5) 23.8 (10.5 to 37.0)

Florida 16.7 (14.8 to 18.5) 51.8 (45.5 to 58.0) 36.7 (30.5 to 42.9) 11.5 (7.3 to 15.7)

Georgia 21.0 (18.8 to 23.2) 50.4 (44.3 to 56.6) 38.6 (32.6 to 44.6) 11.0 (7.4 to 14.5)

Hawaii 7.2 (5.4 to 9.0) 45.4 (32.6 to 58.2) 45.4 (32.2 to 58.5) 9.3 (3.1 to 15.5)

Idaho 25.9 (23.1 to 28.7) 61.2 (55.3 to 67.2) 28.7 (23.4 to 34.0) 10.1 (6.6 to 13.6)

Illinois 12.5 (10.7 to 14.2) 52.1 (44.4 to 59.8) 35.8 (28.6 to 43.1) 12.1 (7.2 to 17.0)

Indiana 20.0 (17.9 to 22.1) 56.3 (50.1 to 62.6) 30.7 (25.0 to 36.3) 13.0 (8.2 to 17.8)

Iowa 18.8 (16.8 to 20.7) 47.3 (41.3 to 53.2) 41.4 (35.4 to 47.4) 11.3 (6.9 to 15.7)

Kansas 17.0 (15.1 to 18.9) 52.5 (46.1 to 58.9) 37.3 (31.1 to 43.5) 10.1 (6.2 to 14.1)

Kentucky 18.9 (16.5 to 21.4) 52.6 (45.1 to 60.1) 34.5 (27.5 to 41.6) 12.9 (8.2 to 17.6)

Louisiana 22.8 (19.9 to 25.8) 50.8 (43.3 to 58.4) 37.2 (29.6 to 44.8) 12.0 (7.4 to 16.6)

Maine 13.1 (10.5 to 15.7) 45.1 (34.0 to 56.1) 43.9 (32.9 to 55.0) 11.0 (4.3 to 17.7)

Maryland 8.6 (7.0 to 10.1) 42.8 (33.4 to 52.3) 40.5 (31.4 to 49.6) 16.7 (10.4 to 22.9)

Massachusetts 7.7 (6.3 to 9.0) 50.5 (41.2 to 59.7) 34.6 (25.8 to 43.5) 14.9 (9.0 to 20.8)

Michigan 17.6 (15.9 to 19.3) 44.8 (39.6 to 50.1) 39.3 (34.0 to 44.6) 15.9 (11.8 to 20.0)

Minnesota 13.0 (11.3 to 14.6) 51.5 (44.7 to 58.4) 38.7 (31.9 to 45.5) 9.8 (5.2 to 14.3)

Mississippi 23.9 (20.3 to 27.4) 49.2 (40.3 to 58.2) 36.4 (28.2 to 44.7) 14.3 (8.6 to 20.1)

Missouri 19.7 (17.3 to 22.1) 55.1 (48.2 to 62.0) 30.9 (24.9 to 36.9) 14.0 (8.2 to 19.8)

Montana 23.5 (20.6 to 26.3) 61.7 (55.0 to 68.4) 30.2 (24.1 to 36.3) 8.1 (4.3 to 11.9)

Nebraska 19.1 (16.9 to 21.2) 45.7 (39.5 to 51.9) 43.1 (36.8 to 49.3) 11.2 (7.5 to 14.9)

Nevada 14.8 (12.6 to 16.9) 54.7 (46.7 to 62.6) 31.7 (24.9 to 38.4) 13.7 (8.0 to 19.3)

New Hampshire 12.4 (10.4 to 14.4) 56.2 (47.6 to 64.8) 28.0 (20.3 to 35.7) 15.8 (9.5 to 22.1)

New Jersey 10.6 (9.0 to 12.2) 51.3 (43.5 to 59.1) 34.2 (27.0 to 41.4) 14.5 (9.6 to 19.4)

New Mexico 10.8 (8.8 to 12.8) 43.4 (33.6 to 53.1) 37.4 (28.7 to 46.1) 19.3 (11.5 to 27.0)

New York 8.2 (6.7 to 9.8) 54.2 (44.5 to 63.8) 33.6 (24.3 to 42.9) 12.2 (6.0 to 18.4)

North Carolina 16.0 (13.7 to 18.3) 48.3 (40.5 to 56.1) 38.4 (30.5 to 46.3) 13.3 (8.4 to 18.2)

North Dakota 25.1 (22.3 to 27.9) 55.2 (48.9 to 61.5) 34.7 (28.7 to 40.6) 10.1 (6.3 to 13.9)

Ohio 19.6 (17.3 to 21.9) 55.7 (49.0 to 62.4) 33.3 (27.0 to 39.7) 11.0 (7.2 to 14.8)

Oklahoma 22.8 (20.4 to 25.2) 52.3 (46.0 to 58.5) 39.0 (32.9 to 45.2) 8.7 (5.7 to 11.8)

Oregon 12.4 (11.0 to 13.8) 62.2 (56.4 to 67.9) 27.8 (22.6 to 33.0) 10.0 (6.3 to 13.8)

Pennsylvania 16.0 (13.9 to 18.1) 54.8 (47.6 to 62.1) 28.5 (21.8 to 35.1) 16.7 (10.8 to 22.6)

Rhode Island 8.4 (6.5 to 10.2) 51.5 (39.7 to 63.2) 28.0 (16.8 to 39.2) 20.5 (10.8 to 30.2)

South Carolina 19.7 (17.1 to 22.2) 49.4 (41.9 to 56.9) 35.5 (28.2 to 42.8) 15.1 (10.2 to 19.9)

Continued
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95% CI 1.10 to 1.36) and 65+ years (APR=1.40, 95% CI 
1.19 to 1.64) than 18–24 years. Women were less likely to 
endorse definitive pro- vaccine or antivaccine sentiments 
and more likely to report being vaccine unsure (table 3). 
Individuals with symptoms of mental illness were less 
likely to be vaccine averse and more likely to be either 
vaccine unsure or vaccine accepting.
Reasons for being unvaccinated and decomposition analysis 
of what accounts for the gap in vaccine aversion among 
subgroups
Reasons for having not yet received a vaccine differed 
among those vaccine accepting, unsure and averse 
(figure 1). The percentage reporting logistical or 
access- related barriers to getting a vaccine (eg, diffi-
culty getting a vaccine, or perceived cost of the vaccine) 

while low in the absolute context among the segment of 
the unvaccinated identifying as vaccine accepting was 
relatively higher than those vaccine unsure or averse. 
Those vaccine unsure reported the highest prevalence 
of barriers related to perceived safety/effectiveness, 
including wanting to ‘wait and see’ if the vaccines were 
safe (45.2%) and uncertainty as to whether the vaccines 
would be effective in protecting them from COVID- 19 
(29.6%). Those vaccine averse reported the highest 
prevalence for barriers pertaining to lack of trust in 
the government or in the vaccines (50.1% and 57.5%, 
respectively), the perception that COVID- 19 was not 
that big of a threat (32.2%) or perception that they did 
not need a vaccine (42.3%). Other barriers are shown 
in figure 2.

Location

Overall population 
(n=211 303) Unvaccinated population (n=21 537)

Percentage of 
unvaccinated
% (95% CI)

Vaccine averse
% (95% CI)

Vaccine unsure
% (95% CI)

Vaccine accepting
% (95% CI)

South Dakota 21.2 (18.2 to 24.2) 53.6 (45.9 to 61.3) 36.5 (29.2 to 43.8) 9.9 (5.5 to 14.3)

Tennessee 21.8 (19.3 to 24.2) 53.0 (46.5 to 59.5) 34.2 (28.3 to 40.2) 12.8 (8.8 to 16.8)

Texas 17.9 (16.1 to 19.6) 47.7 (42.1 to 53.2) 36.0 (30.4 to 41.6) 16.3 (12.0 to 20.6)

Utah 15.6 (13.8 to 17.5) 55.8 (49.3 to 62.2) 34.4 (28.2 to 40.7) 9.8 (6.7 to 12.8)

Vermont 8.5 (6.1 to 10.9) 56.8 (42.5 to 71.1) 38.0 (24.4 to 51.7) 5.2 (1.6 to 8.8)

Virginia 13.1 (11.1 to 15.0) 43.5 (35.6 to 51.4) 41.1 (32.9 to 49.3) 15.4 (10.2 to 20.5)

Washington 10.3 (9.1 to 11.6) 59.3 (53.1 to 65.6) 29.6 (23.9 to 35.3) 11.1 (7.6 to 14.6)

West Virginia 20.7 (17.5 to 23.8) 54.0 (45.4 to 62.6) 37.6 (29.4 to 45.9) 8.4 (4.6 to 12.1)

Wisconsin 18.0 (15.9 to 20.1) 53.1 (46.3 to 59.9) 34.6 (28.3 to 40.8) 12.3 (6.5 to 18.1)

Wyoming 29.0 (25.8 to 32.3) 59.4 (52.8 to 66.1) 32.0 (26.0 to 38.0) 8.5 (4.0 to 13.0)

Table 1 Continued

Figure 1 Percentage of US adults who reported they had never received a COVID- 19 vaccine, by state. Household Pulse 
Survey, 1 December 2021 to 7 February 2022.
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Table 2 Sociodemographic characteristics of unvaccinated US adults by vaccine disposition, Household Pulse Survey, 1 
December 2021 to 7 February 2022

Indicator Categories

Overall population 
(n=211 303) Unvaccinated population (n=21 537)

Percentage of 
unvaccinated
% (95% CI)

Vaccine averse 
(n=11 504)
% (95% CI)

Vaccine unsure 
(n=7480)
% (95% CI)

Vaccine accepting 
(n=2553)
% (95% CI)

Symptoms of 
mental illness

Absent 14.9 (14.2 to 15.5) 60.4 (58.0 to 62.8) 29.8 (27.5 to 32.1) 9.8 (8.3 to 11.3)

Present 13.0 (12.5 to 13.4) 45.9 (44.1 to 47.7) 38.5 (36.7 to 40.2) 15.6 (14.2 to 17.0)

Disability Absent 14.4 (13.8 to 15.0) 55.4 (53.0 to 57.8) 32.0 (29.7 to 34.2) 12.6 (10.8 to 14.5)

Present 12.7 (12.3 to 13.1) 48.8 (47.0 to 50.7) 37.4 (35.6 to 39.2) 13.8 (12.5 to 15.1)

Gender Male (cisgender) 15.5 (14.9 to 16.1) 53.4 (51.2 to 55.6) 33.0 (30.9 to 35.0) 13.6 (11.9 to 15.4)

Female (cisgender) 14.5 (14.1 to 15.0) 47.0 (45.4 to 48.6) 38.3 (36.7 to 39.9) 14.7 (13.5 to 15.9)

Transgender 26.5 (16.8 to 36.1) 67.2 (48.4 to 86.0) 17.6 (3.4 to 31.8) 15.2 (3.7 to 26.8)

Other gender 25.4 (21.0 to 29.7) 69.5 (59.7 to 79.4) 22.9 (13.3 to 32.6) 7.5 (3.8 to 11.3)

Education Less than high school 24.4 (22.2 to 26.5) 46.2 (41.0 to 51.3) 33.4 (28.6 to 38.1) 20.5 (16.3 to 24.7)

High school graduate 21.1 (20.3 to 22.0) 49.4 (47.0 to 51.7) 36.6 (34.3 to 38.9) 14.1 (12.3 to 15.8)

Some college, no degree 16.1 (15.5 to 16.7) 50.8 (48.7 to 52.9) 35.6 (33.6 to 37.6) 13.6 (12.0 to 15.2)

Associate degree 15.2 (14.3 to 16.0) 57.7 (54.9 to 60.5) 31.9 (29.3 to 34.4) 10.4 (8.5 to 12.4)

College degree 7.5 (7.2 to 7.9) 53.0 (50.5 to 55.5) 36.3 (33.9 to 38.8) 10.7 (8.9 to 12.4)

Doctoral/professional/master’s degree 4.8 (4.5 to 5.1) 63.3 (60.3 to 66.3) 27.0 (24.2 to 29.8) 9.7 (8.0 to 11.4)

Health insurance 
coverage

Uninsured 28.3 (26.2 to 30.5) 48.2 (43.8 to 52.7) 36.3 (31.8 to 40.8) 15.5 (12.5 to 18.4)

Private 10.4 (10.0 to 10.7) 55.8 (53.9 to 57.7) 33.0 (31.2 to 34.7) 11.2 (9.9 to 12.6)

Medicare, for people 65 or older, or 
people with certain disabilities

6.1 (5.4 to 6.7) 59.3 (54.0 to 64.6) 26.5 (22.1 to 30.8) 14.2 (9.8 to 18.7)

Medicaid, Medical Assistance, or any 
kind of government assistance plan for 
those with low income or a disability

21.6 (20.5 to 22.7) 43.5 (40.6 to 46.3) 41.6 (38.7 to 44.4) 15.0 (12.9 to 17.1)

Veterans Affairs/Tricare 19.5 (14.5 to 24.6) 66.1 (53.8 to 78.5) 26.0 (15.2 to 36.9) 7.9 (1.9 to 13.8)

Other insurance 26.2 (21.3 to 31.1) 51.1 (39.8 to 62.3) 35.2 (24.6 to 45.7) 13.8 (7.3 to 20.3)

Unknown 24.8 (23.6 to 26.1) 48.8 (45.7 to 51.9) 34.2 (31.2 to 37.1) 17.0 (14.4 to 19.7)

Annual 
household 
income

Less than 25 000 20.9 (19.7 to 22.2) 44.3 (40.9 to 47.7) 39.0 (35.6 to 42.4) 16.7 (14.1 to 19.3)

25 000–49 999 15.6 (14.8 to 16.4) 48.0 (45.2 to 50.8) 36.8 (34.1 to 39.5) 15.2 (13.1 to 17.3)

50 000–99 999 12.6 (11.9 to 13.2) 55.6 (53.0 to 58.2) 33.4 (31.0 to 35.8) 11.0 (9.0 to 13.0)

100 000–199 999 8.7 (8.1 to 9.3) 60.7 (57.0 to 64.5) 33.2 (29.5 to 36.9) 6.1 (4.4 to 7.8)

200 000 or higher 5.9 (5.1 to 6.7) 71.9 (66.2 to 77.6) 23.1 (17.8 to 28.5) 5.0 (2.8 to 7.2)

Unknown income 21.6 (20.6 to 22.6) 49.1 (46.4 to 51.7) 34.3 (31.7 to 36.8) 16.7 (14.5 to 18.8)

US Census 
region

Northeast 10.5 (9.7 to 11.3) 53.3 (49.3 to 57.2) 31.9 (28.1 to 35.6) 14.9 (12.0 to 17.7)

South 18.0 (17.3 to 18.6) 49.8 (47.7 to 51.9) 36.9 (34.9 to 39.0) 13.3 (11.9 to 14.7)

Midwest 17.3 (16.6 to 18.0) 52.2 (49.9 to 54.5) 35.4 (33.2 to 37.6) 12.4 (10.8 to 14.0)

West 12.3 (11.6 to 13.1) 51.0 (47.8 to 54.2) 32.1 (29.3 to 34.8) 16.9 (13.9 to 19.9)

Race/ethnicity Hispanic 15.3 (14.1 to 16.4) 38.7 (34.7 to 42.8) 36.1 (32.0 to 40.3) 25.1 (21.1 to 29.1)

White, non- Hispanic 15.5 (15.1 to 15.9) 57.5 (56.1 to 58.9) 33.4 (32.0 to 34.8) 9.1 (8.3 to 9.9)

Black, non- Hispanic 17.2 (16.0 to 18.4) 33.3 (29.7 to 36.9) 43.0 (39.1 to 47.0) 23.7 (20.3 to 27.0)

Asian, non- Hispanic 2.9 (2.2 to 3.6) 42.1 (30.6 to 53.6) 34.4 (23.7 to 45.0) 23.5 (13.8 to 33.2)

Other, non- Hispanic 23.0 (20.6 to 25.4) 56.8 (50.9 to 62.8) 32.1 (26.9 to 37.2) 11.1 (8.0 to 14.1)

Marital status Married 13.0 (12.6 to 13.4) 56.0 (54.2 to 57.7) 32.2 (30.6 to 33.9) 11.8 (10.5 to 13.0)

Divorced/widowed/separated 15.7 (14.8 to 16.5) 52.0 (49.1 to 55.0) 34.6 (31.6 to 37.6) 13.4 (11.5 to 15.3)

Single, never married 19.4 (18.5 to 20.3) 43.2 (40.6 to 45.8) 39.3 (36.8 to 41.9) 17.5 (15.2 to 19.7)

Unknown marital status 16.1 (11.3 to 20.9) 58.1 (43.7 to 72.5) 30.1 (15.0 to 45.2) 11.8 (4.7 to 19.0)

Age (years) 18–24 21.6 (19.7 to 23.4) 39.3 (34.5 to 44.0) 41.3 (36.4 to 46.2) 19.4 (14.8 to 24.0)

25–44 21.1 (20.4 to 21.8) 49.5 (47.6 to 51.3) 36.3 (34.5 to 38.0) 14.3 (12.9 to 15.7)

45–64 12.8 (12.3 to 13.4) 54.7 (52.5 to 56.9) 33.5 (31.4 to 35.7) 11.8 (10.5 to 13.1)

65 or older 6.1 (5.5 to 6.7) 64.3 (60.3 to 68.3) 23.9 (20.6 to 27.3) 11.8 (9.3 to 14.2)

Continued
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Indicator Categories

Overall population 
(n=211 303) Unvaccinated population (n=21 537)

Percentage of 
unvaccinated
% (95% CI)

Vaccine averse 
(n=11 504)
% (95% CI)

Vaccine unsure 
(n=7480)
% (95% CI)

Vaccine accepting 
(n=2553)
% (95% CI)

Sexual 
orientation

Gay 6.2 (4.8 to 7.5) 45.3 (33.9 to 56.7) 38.5 (26.5 to 50.4) 16.2 (9.1 to 23.3)

Straight 15.3 (14.9 to 15.7) 51.0 (49.6 to 52.4) 35.7 (34.3 to 37.0) 13.3 (12.3 to 14.4)

Bisexual 13.0 (11.1 to 14.8) 39.9 (32.1 to 47.8) 38.4 (30.9 to 45.9) 21.7 (15.1 to 28.3)

Other sexual orientation 23.5 (19.0 to 28.1) 57.8 (46.5 to 69.0) 25.9 (15.9 to 35.8) 16.4 (9.4 to 23.4)

Missing 22.6 (18.7 to 26.5) 63.9 (55.2 to 72.6) 21.5 (14.6 to 28.4) 14.6 (9.4 to 19.8)

Type of dwelling Mobile housing 27.2 (25.1 to 29.4) 56.2 (51.6 to 60.8) 32.2 (27.8 to 36.5) 11.7 (8.9 to 14.4)

A one- family house detached from any 
other house

12.5 (12.1 to 13.0) 55.2 (53.4 to 57.0) 33.4 (31.8 to 35.1) 11.4 (10.1 to 12.7)

A one- family house attached to one or 
more houses

10.6 (9.3 to 12.0) 47.2 (40.2 to 54.2) 37.3 (30.3 to 44.2) 15.5 (11.0 to 20.0)

Multiunit apartment 12.8 (12.0 to 13.7) 39.6 (36.1 to 43.1) 41.1 (37.4 to 44.8) 19.3 (16.1 to 22.4)

Unknown housing 23.5 (22.4 to 24.6) 48.8 (45.9 to 51.7) 35.2 (32.4 to 37.9) 16.0 (13.7 to 18.3)

Occupation No work outside home 13.8 (13.3 to 14.2) 46.6 (44.7 to 48.4) 37.0 (35.2 to 38.8) 16.4 (14.9 to 17.9)

Hospital 4.0 (3.1 to 5.0) 63.3 (52.6 to 74.0) 26.1 (16.5 to 35.7) 10.6 (4.3 to 16.9)

Nursing and residential healthcare facility 8.2 (5.9 to 10.6) 61.4 (48.5 to 74.3) 21.4 (12.5 to 30.2) 17.3 (7.7 to 26.8)

Pharmacy 6.0 (2.2 to 9.8) 33.0 (7.3 to 58.7) 62.6 (35.7 to 89.5) 4.3 (0.0 to 11.3)

Ambulatory healthcare (eg, doctor, 
dentist or mental health specialist 
office, outpatient facility, medical and 
diagnostic laboratory, home healthcare)

5.8 (4.6 to 6.9) 46.4 (36.5 to 56.3) 36.2 (26.2 to 46.2) 17.4 (9.9 to 24.9)

Social service 10.7 (8.3 to 13.1) 39.9 (29.1 to 50.7) 46.6 (34.4 to 58.7) 13.5 (5.8 to 21.2)

Preschool or day care 13.1 (8.9 to 17.4) 54.5 (37.3 to 71.7) 32.0 (18.6 to 45.4) 13.4 (0.0 to 31.3)

K- 12 school 9.0 (7.5 to 10.5) 63.5 (56.2 to 70.8) 27.8 (21.6 to 33.9) 8.8 (4.7 to 12.8)

Postsecondary education 6.7 (4.9 to 8.5) 60.7 (47.4 to 74.1) 33.3 (20.2 to 46.4) 5.9 (2.1 to 9.8)

First responder 22.9 (18.4 to 27.4) 63.3 (52.2 to 74.4) 26.0 (16.8 to 35.2) 10.7 (1.6 to 19.9)

Deathcare (eg, funeral home) 14.5 (6.3 to 22.6) 67.0 (37.5 to 96.6) 7.2 (0.0 to 16.2) 25.7 (0.0 to 55.3)

Correctional facility 24.6 (15.1 to 34.1) 58.0 (36.0 to 80.1) 37.4 (15.7 to 59.1) 4.5 (0.0 to 10.7)

Food/beverage store 17.1 (14.7 to 19.5) 47.2 (39.7 to 54.7) 37.8 (31.0 to 44.6) 15.0 (10.0 to 20.0)

Agriculture, forestry, fishing or hunting 33.1 (27.4 to 38.8) 63.7 (52.8 to 74.6) 29.1 (18.5 to 39.7) 7.2 (2.1 to 12.4)

Food manufacturing facility (eg, meat 
processing)

25.0 (18.6 to 31.4) 60.2 (46.1 to 74.2) 31.6 (18.2 to 45.1) 8.2 (2.2 to 14.2)

Non- food manufacturing facility (eg, 
metals)

23.5 (19.9 to 27.1) 59.7 (50.3 to 69.1) 28.8 (21.4 to 36.1) 11.6 (2.2 to 21.0)

Public transit (eg, bus, commuter rail, 
subway, school bus)

16.7 (10.2 to 23.3) 64.4 (44.7 to 84.0) 26.0 (7.5 to 44.6) 9.6 (0.3 to 18.9)

US Postal Service 22.4 (13.4 to 31.5) 55.0 (33.3 to 76.6) 41.3 (19.9 to 62.7) 3.7 (0.0 to 7.6)

Other job deemed ‘essential’ during the 
COVID- 19 pandemic

19.5 (18.2 to 20.9) 59.2 (55.3 to 63.0) 30.0 (26.5 to 33.5) 10.8 (8.0 to 13.7)

Other 15.8 (14.7 to 16.9) 61.2 (57.6 to 64.8) 31.1 (27.7 to 34.5) 7.7 (5.9 to 9.5)

Work setting Not working currently 14.7 (14.1 to 15.3) 46.4 (44.2 to 48.5) 35.9 (33.8 to 38.0) 17.8 (16.0 to 19.6)

Government 10.5 (9.4 to 11.6) 52.3 (46.7 to 57.8) 37.3 (31.7 to 42.8) 10.5 (6.9 to 14.1)

Private company 14.8 (14.2 to 15.4) 53.9 (51.7 to 56.1) 34.8 (32.7 to 37.0) 11.3 (9.8 to 12.8)

Non- profit organisation including tax- 
exempt and charitable organisations

6.3 (5.4 to 7.2) 47.9 (40.6 to 55.2) 34.3 (27.6 to 40.9) 17.9 (10.4 to 25.3)

Self- employed 19.7 (18.1 to 21.2) 59.9 (55.6 to 64.2) 30.6 (26.6 to 34.6) 9.5 (6.6 to 12.3)

Working in family business 23.6 (19.3 to 27.8) 53.7 (42.8 to 64.6) 34.3 (24.8 to 43.8) 12.0 (2.9 to 21.2)

Table 2 Continued

Continued
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Decomposition analysis revealed wide variability in 
what accounted for the gap in vaccine aversion among 
subgroups, with the dominant explanatory variables being 
differences in perceived safety/effectiveness and suscep-
tibility/seriousness (table 4). The gap in vaccine aversion 
between extremes of various sociodemographic charac-
teristics is visualised in figure 3. Of the gap in vaccine 
aversion at the extremes of age, for example, the largest 
amount of this gap, 43.6%, was explained by differences 
in ‘wait and see’ sentiments (indicating that the gap in 
vaccine aversion would be reduced by 43.6% if the more 
vaccine- averse older adults were more willing to take a 
softer ‘wait and see’ stance towards COVID- 19 vaccines 
as were younger adults). Differences in the perception 
by respondents that they did not need the COVID- 19 
vaccine explained the 22.3% of the vaccine aversion gap 
across the extremes of age (indicating that the gap in 
vaccine aversion would have even been wider by 22.3% 
if older adults aged 65+ years endorsed this sentiment 
to the same high level as 18–24 year- olds). Differences in 
perceived susceptibility/seriousness of COVID- 19 vaccine 
were the most important explanatory variable for the gap 
in vaccine aversion along the lines of education, sexual 
orientation, gender, state, income and race/ethnicity. 
For example, when comparing white- black differences in 
vaccine aversion, 31.3% of this gap was explained by more 
whites endorsing low perceived susceptibility and low 
perceived seriousness of COVID- 19; 18.7% of the gap was 
attributable to greater distrust of government and of the 
vaccine among whites; and 12.6% of the gap was attribut-
able to differences in perceived safety/efficacy. Further-
more, a small but statistically significant portion of this 
gap (2.1%) was attributable to more whites than blacks 
reporting that their doctor failed to offer the vaccine to 
them. Other results are shown in table 4.

DISCUSSION
We found systematic differences in the sociodemographic 
and psychographic characteristics of individuals who were 
vaccine averse, unsure or accepting. Vaccine- accepting 
individuals were more likely to be racial minorities (black, 

Hispanic or other race), have unknown health insurance, 
have unknown income and report symptoms of mental 
illness. Conversely, vaccine- averse individuals were mostly 
white, older, wealthy, highly educated and self- employed 
or private sector- employed adults. Vaccine- accepting 
adults reported the highest percentage for logistical 
challenges as a barrier to vaccination; those vaccine 
unsure reported the highest percentage for uncertainty 
around safety/effectiveness, whereas those vaccine averse 
reported the highest percentage for ideological reasons 
for non- vaccination (eg, perceived low susceptibility and 
low perceived seriousness of COVID- 19). The psycho-
graphic and sociodemographic characteristics of these 
three different segments (averse, unsure or accepting), 
including their identified barriers/motivators, can 
inform tailored interventions to overcome impeding 
constraints to vaccination. For example, to increase the 
vaccine coverage among the vaccine accepting in current 
or future vaccination campaigns, it would be helpful to 
consider expanding access to include non- traditional 
settings, including barber shops, religious centres, fitness 
centres and home vaccinations. For the vaccine unsure, 
lessons can be drawn from the normalisation of certain 
other preventive public health interventions, such as the 
use of social media by the Centers for Disease Control 
and Prevention to rightly inform people about public 
health issues.18 The use of famous individuals who were 
previously hesitant but are now vaccinated as COVID- 19 
vaccine ambassadors may also help overcome certain 
objections to receiving vaccines.19 While it is possible that 
there are some vaccine- averse individuals who might still 
be swayed at this point, that population is likely quite 
small due to ideological beliefs about vaccines and distrust 
of the government which, while it is not impossible, are 
unlikely to be remediated by the medical/public health 
community. Nevertheless, there is value in characterising 
the unvaccinated population by adverse, unsure and 
accepting, as we have done in this manuscript, to form a 
more nuanced picture of barriers to vaccination among 
these groups. This characterisation is valuable, particu-
larly when viewed through the lens of future vaccination 

Indicator Categories

Overall population 
(n=211 303) Unvaccinated population (n=21 537)

Percentage of 
unvaccinated
% (95% CI)

Vaccine averse 
(n=11 504)
% (95% CI)

Vaccine unsure 
(n=7480)
% (95% CI)

Vaccine accepting 
(n=2553)
% (95% CI)

Number of 
children living in 
the household

None 10.9 (10.5 to 11.3) 51.6 (49.6 to 53.5) 34.1 (32.3 to 35.9) 14.3 (12.7 to 16.0)

1 child, aged less than 5 years 21.3 (19.3 to 23.4) 46.6 (41.2 to 52.1) 34.6 (29.3 to 39.9) 18.8 (13.7 to 24.0)

1 child, aged 5–11 years 18.5 (16.7 to 20.4) 46.8 (41.3 to 52.4) 42.2 (36.7 to 47.8) 10.9 (8.0 to 13.9)

1 child, aged 12–17 years 17.9 (16.4 to 19.4) 49.7 (45.0 to 54.4) 36.6 (32.0 to 41.2) 13.7 (10.0 to 17.4)

≥2 children, youngest aged less than 5 
years

29.6 (27.9 to 31.3) 51.1 (47.5 to 54.7) 35.7 (32.2 to 39.2) 13.2 (10.9 to 15.4)

≥2 children, youngest aged 5–11 years 23.2 (21.7 to 24.7) 51.9 (48.1 to 55.7) 34.7 (31.3 to 38.2) 13.3 (10.8 to 15.9)

≥2 children, youngest aged 12–17 years 18.6 (16.7 to 20.6) 53.0 (47.1 to 58.9) 35.3 (29.6 to 41.1) 11.7 (8.0 to 15.4)

Table 2 Continued
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Table 3 Adjusted prevalence ratios (APR) for factors associated with various vaccine dispositions among unvaccinated US 
adults, Household Pulse Survey, 1 December 2021 to 7 February 2022

Indicator
Categories Vaccine averse (n=11 504) Vaccine unsure (n=7480) Vaccine accepting (n=2553)

APR (95% CI) P value APR (95% CI) P value APR (95% CI) P value

Symptoms of 
mental illness

Absent (reference)             

Present 0.82 (0.77 to 0.87) <0.001 1.18 (1.08 to 1.30) 0.001 1.53 (1.25 to 1.87) <0.001

Disability Absent (reference)     

Present 0.95 (0.90 to 1.01) 0.131 1.10 (1.01 to 1.21) 0.033 0.96 (0.81 to 1.14) 0.647

Gender Male (cisgender) (reference)         

Female (cisgender) 0.93 (0.88 to 0.98) 0.011 1.19 (1.09 to 1.29) <0.001 0.84 (0.72 to 0.99) 0.039

Transgender 1.20 (0.85 to 1.67) 0.299 0.44 (0.20 to 0.93) 0.032 1.55 (0.73 to 3.29) 0.257

Other gender not specified 1.25 (1.05 to 1.49) 0.011 0.79 (0.50 to 1.25) 0.318 0.63 (0.36 to 1.11) 0.112

Education Less than high school 
(reference)

        

High school graduate 1.07 (0.93 to 1.22) 0.343 1.00 (0.83 to 1.19) 0.961 0.81 (0.63 to 1.04) 0.102

Some college, no degree 1.08 (0.95 to 1.24) 0.253 0.99 (0.83 to 1.19) 0.936 0.78 (0.61 to 1.02) 0.066

Associate degree 1.20 (1.04 to 1.38) 0.012 0.91 (0.75 to 1.10) 0.334 0.60 (0.43 to 0.82) 0.001

College degree 1.04 (0.91 to 1.20) 0.555 1.06 (0.87 to 1.28) 0.576 0.76 (0.56 to 1.02) 0.064

Doctoral/professional/master’s 
degree

1.17 (1.02 to 1.35) 0.024 0.84 (0.68 to 1.03) 0.098 0.79 (0.58 to 1.09) 0.148

Health 
insurance 
coverage

Uninsured (reference)         

Private 1.03 (0.93 to 1.13) 0.58 0.93 (0.81 to 1.06) 0.284 1.08 (0.84 to 1.39) 0.535

Medicare, for people 65 or 
older, or people with certain 
disabilities

1.01 (0.88 to 1.16) 0.895 0.87 (0.69 to 1.09) 0.222 1.34 (0.90 to 2.00) 0.148

Medicaid, Medical Assistance, 
or any kind of government 
assistance plan for those with 
low income or a disability

0.98 (0.88 to 1.10) 0.752 1.04 (0.90 to 1.20) 0.587 0.93 (0.72 to 1.19) 0.542

Veterans Affairs/Tricare 1.22 (1.01 to 1.47) 0.043 0.78 (0.53 to 1.14) 0.199 0.67 (0.33 to 1.37) 0.269

Other insurance 0.99 (0.81 to 1.21) 0.928 1.04 (0.77 to 1.41) 0.791 0.97 (0.55 to 1.71) 0.922

Unknown 1.02 (0.76 to 1.38) 0.891 0.55 (0.33 to 0.91) 0.02 1.94 (1.24 to 3.04) 0.004

Annual 
household 
income

Less than 25 000 (reference)         

25 000–49 999 0.98 (0.89 to 1.08) 0.688 1.01 (0.90 to 1.14) 0.804 1.07 (0.87 to 1.31) 0.54

50 000–99 999 1.01 (0.91 to 1.11) 0.893 1.03 (0.90 to 1.18) 0.697 0.94 (0.73 to 1.22) 0.646

100 000–199 999 1.02 (0.91 to 1.14) 0.768 1.12 (0.94 to 1.32) 0.201 0.58 (0.40 to 0.84) 0.004

≥200 000 1.15 (1.01 to 1.30) 0.035 0.89 (0.69 to 1.14) 0.364 0.45 (0.26 to 0.77) 0.004

Unknown income 1.02 (0.89 to 1.16) 0.812 0.85 (0.69 to 1.03) 0.098 1.36 (1.01 to 1.83) 0.042

US Census 
region

Northeast (reference)         

South 0.96 (0.87 to 1.05) 0.345 1.08 (0.94 to 1.25) 0.282 0.93 (0.72 to 1.21) 0.608

Midwest 0.93 (0.85 to 1.03) 0.151 1.08 (0.93 to 1.25) 0.324 1.07 (0.82 to 1.40) 0.628

West 0.97 (0.88 to 1.07) 0.545 0.98 (0.84 to 1.15) 0.832 1.13 (0.85 to 1.51) 0.388

Race/ethnicity White, non- Hispanic (reference)         

Hispanic 0.68 (0.61 to 0.77) <0.001 1.15 (1.00 to 1.31) 0.044 2.24 (1.83 to 2.74) <0.001

Black, non- Hispanic 0.65 (0.56 to 0.74) <0.001 1.16 (1.03 to 1.32) 0.016 2.30 (1.85 to 2.86) <0.001

Asian, non- Hispanic 0.81 (0.60 to 1.08) 0.148 1.16 (0.80 to 1.67) 0.435 1.72 (1.07 to 2.78) 0.026

Other, non- Hispanic 0.92 (0.83 to 1.02) 0.12 1.06 (0.91 to 1.23) 0.466 1.20 (0.86 to 1.68) 0.291

Continued
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efforts for other infectious diseases that may emerge (or 
re- emerge).

Among the unvaccinated population, we found 
dramatic differences in their vaccine dispositions 
based on their occupational settings. Application of 
the health belief model in this context would suggest 
that perceived risk and perceived susceptibility would 
differ conceivably based on actual exposure risk to 
COVID- 19 in one’s day- to- day life.20 21 However, with 
the pandemic being so drawn out in duration, there is 
the possibility of habituation, that is, lowered perceived 
risk in the context of continuous or exposure. Habitua-
tion may explain why past COVID- 19 diagnosis was not 
significantly associated with vaccine disposition among 
the unvaccinated.22 Habituation may further explain 
why funeral home workers had the least percentage 
of those who were vaccine unsure (ie, ambivalent 
to receiving a vaccine, 7.2%)—most of the workers 
in this setting were anchored to the more definitive 

dispositions of vaccine aversion or vaccine acceptance, 
with the former being the majority at 67.0%. Currently, 
the cases are more than 93 million and an estimation 
of 98.2% recovery rate.21 23 24 Therefore, perceived seri-
ousness of COVID- 19 may be lowered even if perceived 
susceptibility is high. With COVID- 19 rising to become 
the third leading cause of death in the USA, surpassed 
only by heart disease and cancer,25 deathcare workers 
who have managed a lot of COVID- 19- related deaths 
may become firmly committed to a definitive stance on 
vaccines based on anecdotal evidence around them. In 
contrast, pharmacy workers had the highest percentage 
of those vaccine unsure among the unvaccinated, at 
62.6%, which is a paradox given that pharmacies have 
been a key location for vaccinations in the USA.26 The 
probability of vaccine aversion among the unvacci-
nated also increased with increasing age; it is not clear 
whether this age trend is due to older adults being more 
set in their ways, or that they have higher likelihood of 

Indicator
Categories Vaccine averse (n=11 504) Vaccine unsure (n=7480) Vaccine accepting (n=2553)

APR (95% CI) P value APR (95% CI) P value APR (95% CI) P value

Number 
of people 
living with 
respondent

None (ie, lives alone) (reference)         

One 1.05 (0.97 to 1.14) 0.25 0.94 (0.84 to 1.06) 0.335 0.91 (0.73 to 1.12) 0.368

Two 1.10 (1.00 to 1.20) 0.044 0.86 (0.76 to 0.98) 0.02 0.99 (0.78 to 1.25) 0.918

Three 1.04 (0.95 to 1.15) 0.395 0.94 (0.81 to 1.08) 0.355 0.97 (0.75 to 1.25) 0.813

Four or more 1.10 (1.00 to 1.21) 0.048 0.88 (0.77 to 1.01) 0.062 0.92 (0.72 to 1.18) 0.508

Age (years) 18–24 (reference)         

25–44 1.19 (1.03 to 1.36) 0.015 0.87 (0.75 to 1.01) 0.063 0.88 (0.68 to 1.15) 0.367

45–64 1.26 (1.10 to 1.45) 0.001 0.82 (0.70 to 0.96) 0.012 0.82 (0.62 to 1.08) 0.154

65 or older 1.40 (1.19 to 1.64) <0.001 0.68 (0.55 to 0.85) 0.001 0.79 (0.55 to 1.14) 0.211

Type of 
dwelling

Multiunit apartment (reference)         

Mobile housing 1.23 (1.09 to 1.38) 0.001 0.85 (0.72 to 0.99) 0.039 0.80 (0.60 to 1.08) 0.145

A one- family house detached 
from any other house

1.15 (1.04 to 1.26) 0.004 0.90 (0.81 to 1.00) 0.045 0.88 (0.72 to 1.08) 0.219

A one- family house attached to 
one or more houses

1.13 (0.96 to 1.33) 0.129 0.94 (0.76 to 1.15) 0.522 0.88 (0.65 to 1.20) 0.42

Unknown housing 1.05 (0.84 to 1.32) 0.665 1.08 (0.81 to 1.43) 0.613 0.84 (0.53 to 1.33) 0.453

Work setting Not working currently 
(reference)

        

Government 1.08 (0.96 to 1.22) 0.174 1.04 (0.87 to 1.24) 0.664 0.75 (0.51 to 1.08) 0.124

Private company 1.09 (1.01 to 1.17) 0.018 1.00 (0.91 to 1.10) 0.997 0.74 (0.61 to 0.91) 0.003

Non- profit organisation 
including tax- exempt and 
charitable organisations

1.04 (0.90 to 1.21) 0.564 1.03 (0.84 to 1.25) 0.797 0.88 (0.58 to 1.33) 0.535

Self- employed 1.11 (1.02 to 1.22) 0.019 0.97 (0.84 to 1.12) 0.656 0.69 (0.51 to 0.94) 0.019

Working in family business 1.19 (0.95 to 1.50) 0.135 0.85 (0.62 to 1.18) 0.335 0.77 (0.31 to 1.90) 0.568

Ever diagnosed 
of COVID- 19

No (reference)         

Yes 0.95 (0.90 to 1.01) 0.103 1.02 (0.94 to 1.11) 0.611 1.13 (0.96 to 1.32) 0.133

Not sure 1.19 (0.97 to 1.45) 0.091 0.85 (0.59 to 1.23) 0.382 0.61 (0.33 to 1.15) 0.125

Not answered 0.87 (0.39 to 1.90) 0.718 1.27 (0.60 to 2.69) 0.535 0.73 (0.18 to 2.86) 0.649

APRs adjusted for all factors listed in the table.

Table 3 Continued
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having conditions that could be flagged as precautions 
or contraindications for COVID- 19 vaccine. Examples of 
these precautions include people who experience symp-
toms immediately (in less than 4 hours) and generalised 
symptoms of a likely allergic reaction and individuals 
with a generalised allergic reaction to any constituent 
of the COVID- 19 vaccine to be given, while examples of 
contraindications include anaphylaxis to an initial dose 
of an mRNA COVID- 19 vaccine and anaphylaxis to any 
constituent of the vaccine, such as polyethylene glycol.27 
From a surveillance perspective, it will be helpful to 
include questions on health conditions associated with 
vaccine disposition so that a differentiation can be made 
between those vaccine averse and those vaccine inel-
igible. This differentiation is important because it has 
implications for targeted public health interventions.

All 50 US states and DC have exceeded the 70% vaccine 
coverage targeted set up by WHO28; the range of vaccine 
coverage in our study was from 71.0% (Wyoming) to 
94.2% (DC). The USA currently ranks sixth out of 10 top- 
income and high- income countries in terms of vaccine 
coverage,29 30 with 79% of the US adult population having 
received at least one dose of the vaccine.31 Disparities, 
however, existed, as the percentage of unvaccinated was 
highest among transgender, those with low income, unin-
sured, with two or more small children aged less than 
5 years in their household and young adults. It would be 
important to monitor the equity impact of population 
interventions to increase vaccine coverage to ensure 
existing disparities are not being widened. It would also 
benefit public health to understand and address the 
unique challenges and concerns of these populations to 
increase vaccine uptake.

Limitations
The findings in this report are subject to several limita-
tions. First, self- reported measures may be subject to misre-
porting, including COVID- 19 diagnosis and vaccination 
status. Second, small sample sizes for some population 
subgroups resulted in some imprecise estimates. Third, 
the results of this study may not be generalisable to indi-
viduals outside the sampling frame, including persons in 
the military, in prisons or other institutionalised settings. 
Despite adjustment for differential non- response bias, 
the web- based survey may have resulted in some selection 
bias to the exclusion of individuals of low socioeconomic 
status. Fourth, there was not much information on other 
health issues that might be related to the willingness to 
take a COVID- 19 vaccine. This consideration is important 
as some proportion of the population may not be eligible 
for certain vaccination on account of contraindicating 
conditions such as history of a severe allergic reaction (eg, 
anaphylaxis) after a previous dose or to a component of 
the COVID- 19 vaccine. Still, others may have conditions 
that, while not outrightly contraindicating a COVID- 19 
vaccine, warrant precaution, such as those with history 
of anaphylaxis after any vaccine other than COVID- 19 
vaccine or after any injectable therapy (ie, intramuscular, 
intravenous or subcutaneous vaccines or therapies).32 
Finally, we urge cautious interpretation of our measures 
of association as they do not imply causation.

CONCLUSION
Our study provides new insights into three vaccine dispo-
sitions among the unvaccinated segment of the popula-
tion: those who are vaccine unsure, vaccine averse and 
vaccine accepting. Our analyses demonstrated that these 

Figure 2 Comparison of reasons for having not yet received a COVID- 19 vaccine among unvaccinated US adults who were 
vaccine averse, vaccine unsure and vaccine accepting. Household Pulse Survey, 1 December 2021 to 7 February 2022.
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segments have distinct sociodemographic and psycho-
graphic characteristics, which could lend to targeted inter-
ventions. Vaccine- accepting individuals were more likely 
to be racial minorities (black, Hispanic or other race), 

have unknown health insurance, have unknown income 
and report symptoms of mental illness. Conversely, 
vaccine- averse individuals were mostly white, older, 
wealthy, highly educated and self- employed or private 

Table 4 Blinder- Oaxaca decomposition analysis of what psychographic factors explain the gap in vaccine aversion between 
the most and least averse subgroups based on selected indicators for the unvaccinated US adult population, Household Pulse 
Survey, 1 December 2021 to 7 February 2022

Explanatory 
variables

Indicator (least vaccine- averse subgroup vs most vaccine- averse subgroup)

Marital 
status 
(single vs 
married)

Mental 
illness 
symptoms 
(present vs 
absent)

Education 
level (<high 
school vs 
graduate 
degree)

Sexual 
orientation 
(bisexual vs 
undisclosed 
sexual 
orientation)

Gender 
(female vs 
undisclosed 
gender)

Health 
insurance 
(Medicaid 
vs VA/
Tricare)

State 
(Maryland 
vs Alaska)

Race/
ethnicity 
(black vs 
white)

Age, 
years 
(18–24 
vs ≥65)

Annual 
household 
income, $ 
(<25 000 vs 
≥200 000)

Vaccine safety/
effectiveness

Concern about 
possible side effects 
of a COVID- 19 
vaccine.

0.0 −0.1 −2.7 3.7 3.0 −0.4 0.7 −0.1 −0.6 −1.8

Not sure if a 
COVID- 19 vaccine 
will protect me.

0.3 0.9 −1.4 0.2 0.2 3.0 −1.2 0.3 0.7 −0.8

Plan to wait and see 
if it is safe and may 
get it later.

20.2 23.9 3.5 20.8 14.3 30.6 27.6 10.0 43.6 11.1

Any reason related 
to vaccine safety/
effectiveness

22.3 23.1 6.2 17.9 12.8 30.9 29.7 12.6 41.5 11.7

Access challenges

My doctor has not 
recommended it.

1.8 0.9 0.9 2.0 2.2 0.7 1.9 2.1 0.1 2.5

Concern about the 
cost of a COVID- 19 
vaccine.

0.4 0.2 −0.6 −0.4 −3.9 −0.1 2.8 0.0 0.1 0

It’s hard for me to 
get a COVID- 19 
vaccine.

2.5 1.9 0.7 −1.6 −6.2 6.7 −1.1 1.7 2.3 2.1

Any access reason 4.7 2.9 1.0 1.4 −6.5 7.2 3.2 3.9 2.3 5.3

Social capital 
deficits

I don’t trust 
COVID- 19 vaccines.

6.9 3.3 8.5 −10.7 −0.4 8.8 19.7 12.2 0.7 8.5

I don’t trust the 
government.

6.3 3.3 12.3 11.4 21.1 20.8 30.6 15.8 2.6 20.1

Any social capital 
deficits

8.9 4.5 13.7 2.2 12.4 20.9 33.7 18.7 1.8 19.7

Perceived 
susceptibility/
seriousness

  

I don’t believe I need 
a COVID- 19 vaccine.

9.5 18.7 26.9 13.8 5.8 33.3 30.4 22.9 −22.3 28.4

I don’t think 
COVID- 19 is that big 
of a threat.

8.6 18.2 25.2 24.1 18.8 46.7 31.8 23.7 −21.5 32.0

Any indicator 
for perceived 
susceptibility/
seriousness

12.3 25.0 35.5 25.7 15.2 53.2 42.9 31.3 −29.2 41.1

Decomposition analysis was performed for only those indicators with at least 10 percentage points difference between the most averse and least averse subgroups. Coefficients 
from Blinder- Oaxaca decomposition analysis can be positive or negative and all estimates above are in percentages. A positive value, for example, a coefficient of 20%, means that 
the observed gap in vaccine aversion between the two subgroups being compared would have been narrower by 20% had the most vaccine- averse group had the same level of the 
explanatory variable(s) as the least vaccine- averse group. Conversely, a negative value, for example, a coefficient of −20%, means that the observed gap in vaccine aversion between 
the two subgroups would have been even wider by 20% had the most averse group had the same level of the explanatory variable(s) as the least averse group.
Boldface indicates statistically significant explanatory effect (p<0.05).
VA, Veterans Affairs.



13Agaku I, et al. Fam Med Com Health 2023;11:e001769. doi:10.1136/fmch-2022-001769

Open access

sector- employed adults. The ‘unsure’ and ‘accepting’ 
in particular are potential targets for interventions to 
increase vaccine coverage, with different approaches for 
each.
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