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Conspiratorial thinking 
as a precursor to opposition 
to COVID‑19 vaccination in the US: 
a multi‑year study from 2018 
to 2021
Daniel Romer* & Kathleen Hall Jamieson

Despite widespread availability of safe and effective COVID-19 vaccines in the US, only about 66% of 
the eligible US  population had taken the recommended initial doses of the COVID-19 vaccines as of 
April 2022. Explanations for this hesitancy have focused on misinformation about the vaccines, lack 
of trust in health authorities, and acceptance of conspiracy theories about the pandemic. Here we test 
whether those with a conspiratorial mindset, which distrusts a wide range of institutions, were poised 
to reject COVID vaccines before the pandemic even began. To answer that question, we reinterviewed 
members of a national US panel that we had previously surveyed beginning in 2018. As hypothesized, 
having a conspiratorial mindset in 2019 predicted COVID-vaccination hesitancy in 2021 better than 
prior trust in health authorities or acceptance of vaccine misinformation. Those with the mindset were 
also more likely to consume media that bolstered belief in pandemic conspiracies. Research is needed 
on the determinants of conspiratorial mindset and ways to minimize the likelihood that consequential 
health decisions will be influenced by it.

Despite the widespread no-cost availability of COVID-19 vaccines in the US and evidence of their safety and 
efficacy from both clinical trials and the experience of the tens of millions of recipients1, only about 66% of 
the eligible US  population had taken the recommended initial doses of the vaccine by the end of April 20222. 
However, vaccination hesitancy, which the SAGE working group, a prominent board of medical experts, defined 
as “delay in acceptance or refusal of vaccination despite availability of vaccination services”3, was a matter of 
concern before the appearance of SARS-CoV-24. In 2019, the World Health Organization characterized it as 
“one of the top global health threats”5.

Across the pre-pandemic decades, researchers had identified declining trust in government and health author-
ities as a factor in the erosion of support for vaccination6–8. Differences in trust across countries were a powerful 
predictor of engaging in preventive behavior during the first year of the COVID pandemic as well9–12. Closely 
associated with distrust is the acceptance of such misinformation about vaccination as the beliefs that the MMR 
vaccine causes autism in children13–15 and vaccines contain harmful ingredients such as antifreeze16,17. Persons 
holding such beliefs are also more likely to search for and use unapproved medical treatments18–20.

Another source of opposition to vaccination was conspiracy beliefs about the origin of the disease and vac-
cination against it21–25. Conspiracy theories reject established explanations for events and posit instead that 
malign actors are secretly responsible for them26–28. Experimental exposure to vaccination conspiracies has been 
shown to increase vaccination hesitancy29, a finding consistent with observational studies conducted during the 
pandemic21,27,28.

Because prior to the pandemic, the conspiratorial thinking style that underlies acceptance of conspiracy 
theories had been linked to anti-vaccination attitudes in both the US and other countries17,30–32, it is possible that 
rather than being affected by novel COVID-19-related conspiracy theories and associated misinformation about 
COVID vaccines, these newly emerging conspiracy theories confirmed pre-existing doubts about vaccination 
among persons with a conspiratorial mindset.
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The conspiratorial mindset may not only have provided a backdrop for vaccination hesitance in the US, but 
may also have motivated increased exposure to conspiratorial messages about the pandemic32,33. Sources of 
such exposure included reports of claims by the 45th president of the US that the supposed deep state within his 
own government and malign forces in mainstream media were undercutting his ability to tame the pandemic34. 
Such attacks were among the factors politicizing the public’s response to it35,36. Individuals with a conspiratorial 
mindset were more likely to rely on social and conservative media that trafficked in pandemic conspiracy theo-
ries, including that the virus was created by the Chinese government as a bioweapon22,32. In addition, persons 
with a conspiratorial mindset in the US avoided more mainstream legacy media, such as broadcast television 
and national newspapers, the use of which was associated with less embrace of pandemic-related conspiracy 
theories22 and greater acceptance of COVID-19 vaccination32. These patterns of media use suggest that not 
only were persons with a conspiratorial mindset drawn to media that supported such thinking, but these same 
people displayed a lack of trust in mainstream media sources that tended to presuppose the value of vaccination.

Here we test a model of vaccine hesitancy that locates resistance to COVID-19 vaccination among those 
prone to conspiratorial thinking regarding the workings of the government and health authorities even before 
the pandemic arrived. Because conspiratorial thinking attributes malign motives to those in power28,37,38, the 
model proposes that by undermining trust in government institutions and authorities charged with protecting 
public health23, such thinking subverts acceptance of those authorities’ recommendations for action, such as 
receiving a vaccine21. At the same time, those with a conspiratorial mindset distrust mainstream media and are 
drawn to sources that reinforce rather than challenge conspiracy theories14,39, including media that promote 
misinformation about vaccines14,22 and unapproved forms of treatment and other health interventions18–20. We 
expected all these tendencies of a conspiratorial mindset to contribute to the hesitancy that has been observed 
for COVID-19 vaccines in the US.

Drawing on a large national probability sample empaneled in 2018 and reinterviewed early in 2021 shortly 
after vaccines were authorized for use in the US, we assessed whether conspiratorial thinking that was present a 
year before the outbreak of the COVID pandemic served as a major driver of opposition to COVID-19 vaccina-
tion, and if so, whether it was heightened by exposure to media that promoted conspiracies about the pandemic. 
This process allowed us to test our model’s major predictions that a prior conspiratorial mindset would better 
predict a range of problematic beliefs and attitudes in 2021 (i.e., lack of trust in health authorities, acceptance 
of conspiracy theories and misinformation about the pandemic and COVID vaccines, hesitance about COVID-
19 vaccines, hesitance toward other vaccines, such as for the flu, and less concern about the health effects of 
COVID) than other predictors. It also allowed us to test the hypothesis that having this mindset predicts the use 
of conservative media that have been observed to promote conspiracies about the pandemic that undermine 
confidence in the government’s response to the crisis16,32.

To test the robustness of a conspiracy mindset, we assessed different ways of measuring the tendency. In the 
2019 survey, belief in various famous conspiracy theories was assessed, such as one alleging that fluoridation of 
public water supplies was a plot to dispose of hazardous chemicals17,40. Conspiracy theories such as these reflect 
lack of trust in the US government, especially pertaining to health. In 2021, we used a measure that assesses more 
generic beliefs about how important events are controlled by secretive and malevolent forces41,42 which predicted 
belief in COVID conspiracies in previous research16,32. Consistent with previous research41,43, we expected that 
these alternative measures would be related and would demonstrate that this thinking style is more than just 
a summary of endorsements of various conspiracy theories44, especially as they relate to government policies.

Despite the likelihood that conspiratorial thinking is a stable individual characteristic, we also wanted to 
determine whether its relation to other individual differences might change over time. In particular, given the 
political polarization of vaccination and COVID-19 prevention measures such as masking and divergent pat-
terns of media coverage about them, it is possible that supporters of President Donald Trump and those who 
were more likely to consume conservative media also became more attracted to conspiratorial thinking, while 
those on the other side of the partisan divide became less so. Such a finding would suggest that a conspiratorial 
mindset was subject to realignment consistent with the finding that individuals are more receptive to conspiracy 
theories about those holding political ideologies dissimilar from their own45.

We also recognize that the urgency of the pandemic and the heightened national attention given to vaccina-
tion may have changed how previous vaccine doubters felt about vaccination in general. We therefore also were 
interested in determining whether those demographic subgroups expressing vaccine hesitancy in 2019, such as 
those of older age, female gender, higher education, and Black and Hispanic identity, may have become more 
accepting of vaccination during the pandemic.

Results
Table 1 shows the demographic distribution of the sample and the percentages of respondents who reported 
intentions to receive the COVID-19 vaccine in relation to those characteristics. All the demographic differences 
were related to vaccination intention by X2 tests, p < 0.001. The survey items that were hypothesized to measure 
various latent factors related to vaccine hesitancy are shown in Tables 2, 3, 4, 5 along with their loadings on the 
measurement model determined with confirmatory factor analysis. Further descriptions of the measures are 
detailed in the Materials and Methods. The measurement model fit the data well, with a RMSEA = 0.041 (90% 
CI = 0.040, 0.043), CFI = 0.91, and SRMR = 0.048. Although we expected that COVID vaccine conspiracy theories 
would be correlated with belief in vaccine misinformation, we found that acceptance of those theories loaded 
directly on an overall misinformation factor. In addition, beliefs about the harms of COVID vaccines also loaded 
directly on the misinformation factor, indicating that newly emerging concerns about vaccination were simply 
assimilated into pre-existing forms of misinformation about vaccines and vaccination in general.
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We also identified some additional correlations between items that likely reflected similarities in wording 
that crossed either within or between factors. For example, the item concerning autism as a consequence of the 
MMR vaccine was correlated across the two survey years beyond what the underlying factors indicated. These 
correlations were added to the measurement model and were retained in all subsequent analyses to provide an 
adequate accounting of the relations between the various indicators.

The distributions of the three major predictors, trust, conspiracy thinking, and vaccine misinformation in 
2019, as indexed by the first principal component of each set of scores are in Fig. 1a–c. All three scores were 
skewed such that distrust, belief in conspiracy theories, and misinformation were less frequent than the opposite 
tendencies. If we use scores greater than one standard deviation from the mean as a cutoff, then about 20% of 

Table 1.   Demographic composition of the sample in 2021 and reported likelihood of COVID-19 vaccination 
with X2 tests of relationshjp. X2 tests denoted with a refer to linear relations, while those with b are tests for 
categorical variables.

Characteristic Percent (N = 1243)

Likelihood of COVID-19 Vaccination

X2 P valueNot likely (%) Not too likely (%)
Somewhat likely 
(%) Very Likely (%)

Age 61.1a < .001

  18–24 1.6 20.0 15.0 20.0 45.0

  25–34 13.6 14.2 17.8 16.6 51.5

  35–54 34.4 18.9 19.4 23.0 46.5

  55–64 21.2 10.6 13.7 19.0 56.7

  65 +  29.1 4.7 8.6 15.3 71.4

Gender 13.3a  < .001

  Male 49.4 9.8 11.3 19.6 59.3

  Female 50.6 14.0 17.2 17.2 51.5

Education 70.2a  < .001

  HS grad or less 16.8 17.8 19.7 23.6 38.9

  Some college 31.2 16.0 17.6 19.9 46.5

  Bachelor’s 
degree 28.1 9.2 13.2 16.4 61.2

  Post-bachelor 23.9 5.7 7.4 15.2 71.6

Income 40.1a < .001

  < $10 K 2.8 25.7 28.6 14.3 31.4

  $10 K to $40 K 25.3 15.7 18.2 20.8 45.4

  $40 K to $75 K 28.2 12.0 16.3 18.9 52.7

  $75 K to $100 K 15.8 10.2 10.2 16.3 63.3

  $100 K to 
$150 K 16.8 5.8 9.6 20.2 64.4

  $150 K or more 11.1 11.6 9.4 13.0 65.9

Race/Ethnicity 54.5b < .001

  Non-Hispanic 
White 70.9 11.6 11.5 15.6 61.3

  Non-Hispanic 
Black 9.4 13.8 20.7 25.9 39.7

  Hispanic 13.0 13.7 24.2 24.8 37.3

  Other 6.7 9.6 15.7 25.3 49.4

Religion 60.7b < .001

  Evangelical 25.4 18.7 21.3 21.9 38.1

  Other Christian 43.8 10.3 12.7 18.6 58.4

  Non-Christian 30.8 8.7 10.8 15.2 65.4

Political Ideology 114.4a < .001

  Very Liberal 10.9 3.0 3.7 10.4 82.8

  Somewhat 
Liberal 20.9 2.7 12.1 15.2 70.0

  Moderate 39.9 13.0 13.6 22.6 50.7

  Somewhat 
Conservative 21.0 15.8 21.6 17.8 44.8

  Very Conserva-
tive 7.3 32.2 16.7 20.0 31.1

  Total 100 11.9 14.3 18.4 55.4
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the sample had high conspiracy thinking scores, about 14% of the sample had low trust in 2019 and about 16% 
had high misinformation.

The correlations between the factors in the measurement model as well as with COVID-19 vaccination inten-
tions in 2021 are shown in Table 6. All factors associated with vaccination intention in 2021 were also related 
to similar measures in 2019, including conspiratorial thinking which was highly correlated across time (0.537). 
Conspiratorial thinking in 2019 was also correlated at 0.619 with belief in misinformation, − 0.621 with trust, 
and − 0.369 with intention to receive the flu vaccine in 2019. These relations show that conspiratorial thinking 
in 2019 was highly related to factors that have predicted hesitancy toward COVID-19 vaccines in 202116. As we 
show below, there is evidence that conspiratorial thinking also became more aligned with other correlates in 
2021 than it had been in 2019. It is also noteworthy that conspiratorial thinking in 2019 was more highly related 
to three out of four predictors of vaccination in 2021 than it was to those variables in 2019. This is as would be 
expected if it predicts those outcomes over and above its contemporaneous relations.

The final structural model trimmed for relations that were not within 90% confidence intervals (CIs) for 
parameters is shown in Figs. 2 and 3. Table 7 has the standardized path weights and CIs for all direct predictors 
in the model. To simplify the presentation of the model, we show the relations between conspiracy mindset in 
2019 as it predicted the various indicators of COVID-vaccine hesitancy in Fig. 2. Relations between the mindset 
and various media uses are in Fig. 3.

Table 2.   Measures used to assess theoretically relevant predictors of vaccination intention in 2021 and 
standardized loadings on latent factors in measurement model. a These items assessed conspiracies regarding 
the Covid vaccine but loaded directly on the vaccine misinformation factor.

Item Loading

Trust in Health Authorities (2021): In general, how confident, if at all, are you that the following are providing the public with 
trustworthy information about the safety and effectiveness of the COVID-19 vaccines that are being distributed in the US? (Scale 
from 1 to 4: Not at all confident to Very confident)

The Food and Drug Administration (FDA) .870

The U.S. Centers for Disease Control and Prevention (CDC) .804

Dr. Jerome Adams, the U.S. Surgeon General .646

The pharmaceutical companies that produce vaccines .778

Perceived Risk of Covid Infection (2021): How much of a risk to your health and well-being do you think the following activi-
ties are right now? (Scale from 1 to 4: Large risk to no risk)

Attending in-person gatherings of friends and family outside your household .832

Dining at a restaurant .850

Spending more time inside public places as the weather turns colder .783

Traveling for the holidays .829

How worried, if at all, do you feel about the possibility that you or someone in your family will become infected with the corona-
virus? (Scale from 1 to 4: Very worried to Not at all worried) .587

Vaccine Fears and Misinformation (2021): Please indicate if you believe the statement is true, false, or if you aren’t sure. (Scale 
from 1 to 4: Definitely false to Definitely true; Not sure = missing)

Vaccines in general are full of toxins and harmful ingredients like “antifreeze” − .819

Vaccines given to children for diseases like measles, mumps, and rubella do not cause autism .477

Vaccines approved for use in the U.S. are safe .716

It makes no difference if parents delay the timing of vaccines instead of relying on the official CDC vaccine schedule − .568
aThe COVID-19 vaccine will change your DNA − .723
aThe pharmaceutical industry created the coronavirus to increase sales of its drugs and vaccines − .712
aThe vaccine against COVID-19 being developed with support by Microsoft founder Bill Gates contains microchips that can 
track the person who has been vaccinated − .757

The Food and Drug Administration also known as the FDA has concluded that the Pfizer COVID-19 vaccine is safe and effective 
for adults .593

Just your best guess, how effective is the typical flu vaccine in preventing a person from getting infected with the seasonal flu? 
(Scale from 1 to 3: Very effective to Not at all effective) − .482

How likely, if at all, do you think it is that someone can get a serious case of the flu from the flu vaccine? (Scale from 1 to 3: Not 
at all likely to Very likely) − .668

How likely, if at all, do you think it is that someone can get a serious case of COVID-19from a COVID-19 vaccine? (Scale from 1 
to 3: Not at all likely to Very likely) − .725

Conspiracy Beliefs about COVID Pandemic (2021): Please indicate if you believe the statement is true, false or if you aren’t 
sure. (Scale from 1 to 4: Definitely false to Definitely true; Not sure = missing)

Some health officials at the U.S. Centers for Disease Control and Prevention, also known as the CDC, have exaggerated the 
danger posed by the coronavirus in order to damage the Trump presidency .851

The coronavirus was created by the Chinese government as a biological weapon .749

The U.S. Centers for Disease Control and Prevention, also known as the CDC, has admitted that most of the deaths attributed to 
COVID-19 were actually caused by other serious illnesses and not by the coronavirus .826

The number of reported COVID-19 deaths is higher in the U.S. than in other countries because U.S. doctors and hospitals 
receive extra compensation when a doctor reports that a patient died of COVID-19 .793



5

Vol.:(0123456789)

Scientific Reports |        (2022) 12:18632  | https://doi.org/10.1038/s41598-022-22014-5

www.nature.com/scientificreports/

The model provided an excellent fit to data as indicated by RMSEA = 0.042 (90% CI, 0.041, 0.044), CFI = 0.918, 
and SRMR = 0.048. It also accounted for 65% of the variation in vaccination intention. Support was found for the 
major hypothesis that in 2021, misinformation about vaccination, trust in health authorities, acceptance of the 
flu vaccine, and belief in pandemic-related conspiracies would be better predicted by 2019 conspiracy mindset 
than trust as measured in 2019, acceptance of vaccination misinformation in 2019, and demographic and political 
ideology differences. In addition, trust and misinformation as measured in 2019 did not add to prediction of these 
mediators other than to their respective measures in 2021. Conspiratorial thinking in 2019 also predicted reduced 
perceived personal threat of COVID in 2021 indirectly through its prediction of COVID-specific conspiracy 
beliefs (0.56 X − 0.64 = − 0.36). These relations supported the major hypothesis that conspiratorial thinking prior 
to the COVID pandemic prefigured major sources of resistance to vaccination for COVID in 2021.

One of the striking features of the structural model is the strong relation between conspiracy mindset in 
2019 and belief in vaccine misinformation in 2021 (0.87). This relation indicates that although misinformation 
in 2021 included novel beliefs about the COVID vaccines, the tendency to accept such assertions was more 
strongly related to prior conspiracy mindset than to earlier acceptance of misinformation. The relation between 

Table 3.   Measures of trust, misinformation, and perceived risk of measles in 2019.

Item Loading

Trust in Health Authorities (2019): How much trust, if any, do you have in the following institutions when it comes to address-
ing issues of public health? (Scale from 1 to 4: A great deal of trust to Very little trust at all)

The U.S. Centers for Disease Control and Prevention, also known as CDC .860

Your state government .543

Your physician .577

Pharmaceutical companies .418

How much trust, if at all, do you have in the following to give you accurate information about the benefits and risks of vaccina-
tion? (Scale from 1 to 4: A great deal of trust to Very little trust at all):

The U.S. Centers for Disease Control and Prevention .901

Your primary care doctor or primary medical provider .684

Vaccine Fears and Misinformation (2019): For each statement below, please indicate how accurate you think it is. (Scale from 1 
to 4: Definitely false to Definitely true; Not sure = missing)

Vaccines given to children for diseases like measles, mumps, and rubella can cause neurological disorders like autism .701

Vaccines in general are full of toxins and harmful ingredients like ‘antifreeze’ .726

Just your best guess, how risky, if at all, do you think the measles, mumps, and rubella (MMR) vaccine is? (Scale from 1 to 4: 
Very risky to Not risky at all) − .559

Just your best guess, please indicate how effective, if at all, you think the measles, mumps, and rubella (MMR) vaccine will be at 
preventing measles among those who get the vaccine in the future? (Scale from 1 to 4: Very effective to Not effective at all) 707

Based on what you know, is the measles, mumps, and rubella (MMR) vaccine? (Scale from 1 to 5: Much more risky than catching 
measles to Much less risk than catching measles) .669

Based on what you know, how positive or negative do you feel about the measles, mumps, and rubella (MMR) vaccine? (Scale 
from 1 to 4: Very positive to Very negative) .721

Perceived Risk of Measles (2019)

How afraid, if at all, do you feel about measles? (Scale from 1 to 4: Very afraid to Not afraid at all) .769

How disgusted, if at all, do you feel about measles? (Scale from 1 to 4: Very disgusted to Not disgusted at all) .563

How concerned, if at all, are you that measles will become widespread throughout the United States? (Scale from 1 to 4: Not at all 
concerned to Very concerned) − .597

Table 4.   Measures of conspiratorial thinking at both times.

Item Loading

Conspiratorial Thinking Scale (2021): Please indicate how much you agree or disagree with each of the following statements. 
(Scale from 1 to 5: Strongly agree to Strongly disagree)

Much of our lives is controlled by plots hatched in secret places .841

Even though we live in a democracy, a few people will always run things anyway .416

The people who really ‘run’ the country are not known to the voters .621

Conspiratorial Beliefs Scale (2019): Please indicate how much you agree or disagree with each of the following statements. 
(Scale from 1 to 5: Strongly agree to Strongly disagree)

The Food and Drug Administration is deliberately preventing the public from getting natural cures for cancer and other diseases 
because of pressure from drug companies .746

Public water fluoridation is really just a secret way for chemical companies to dump the dangerous byproducts of phosphate 
mines into the environment .790

Certain U.S. government officials planned the attacks of September 11, 2001, because they wanted the United States to go to war 
in the Middle East .727
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misinformation and conspiracy mindset was also strong at both times (0.704 in 2021 and 0.619 in 2019 in 
Table 6). Other research has found that vaccine misinformation is a powerful predictor of COVID vaccination 
hesitancy15,16, but these results suggest that this is more a result of its underlying relation to conspiratorial think-
ing than to the specific misinformation that circulates at the time.

The final model also required inclusion of measurement error in responses to the conspiracy thinking items. 
The fact that these positive correlations between the items were orthogonal to the underlying factor suggests the 
presence of a response bias that reflects the social undesirability of expressing belief in the conspiracies, as has 
been previously observed46. Nevertheless, after removing those measurement biases, the underlying factor was 
strongly related to vaccination and media outcomes.

Relations with media use.  As predicted, conspiratorial thinking in 2019 also predicted types of media use 
in 2021 (Fig. 3) controlling for correlations with various demographic differences. Even though conspiratorial 

Table 5.   Measures of media use at both times.

Item Loading

Media Use (2021) (Only single items were used)
How much information do you get from sources such as? (Scale from 0 to 5: No information to A lot of information):

ABC News, CBS News, or NBC News (Mainstream TV)

Facebook, Twitter or YouTube (Social Media)

The Associated Press, The New York Times, or The Washington Post (Mainstream Print)

Local TV, radio, print, or local social media sites

Fox News Channel or Rush Limbaugh (Conservative Media)

Newsmax, One America News (OAN), Gateway Pundit, or Parler (Ultra-Conservative Media)

Alternative Health Media Use (2019) Principal Component Score
How often do you get information from each of the following sources? (Scale from 1 to 4: Regularly to Never):

Online health blogs like Food Babe .693

Social media accounts dedicated to alternative health, such as Natural News or Earth Clinic .733

Television shows such as Dr. Oz and The Doctors .708

Figure 1.   (a) Trust of health authorities, 2019; (b) conspiracy thinking, 2019; (c) misinformation, 2019; (d) 
conspiracy thinking, 2021.
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thinking was correlated with conservative political ideology (0.37), Evangelical (0.23) and Black (0.13) identity 
as well as other demographic differences [education (− 0.34), income (− 0.26), age (− 0.21) female gender (0.14) 
and Hispanic identity (0.09)], it nevertheless was independently and positively related to use of both kinds of 
conservative media in 2021 and inversely related to use of mainstream print media. These uses of media were 
also robust to inclusion of alternative health media, which also predicted belief in COVID conspiracies and less 
concern about the COVID health threat.

Although the mindset was related to use of social media and mainstream TV news, those uses of media were 
not directly related to COVID conspiracy beliefs apart from political ideology and use of the other media and thus 
are not shown in Fig. 3. Nevertheless, conspiratorial thinking in 2019 was indirectly related to belief in COVID 

Table 6.   Table of intercorrelations between current and lagged predictors of COVID vaccination intention 
based on the measurement model.

Factor 1 2 3 4 5 6 7 8 9 10

(1) COVID vaccination

(2) Misinformation 2021 − .730

(3) Trust 2021 .638 − .645

(4) Risk Perception 2021 .461 − .413 .346

(5) Conspiracy Mindset 2021 − .556 .704 − .563 − .346

(6) Flu Intention 2021 .591 − .521 .420 .349 − .407

(7) Misinformation 2019 − .502 .740 − .449 − .196 .473 − .458

(8) Trust 2019 .492 − .649 .633 .283 − .519 .462 − .753

(9) Risk Perception 2019 .179 .072 .141 .289 .004 .169 .183 .195

(10) Conspiracy Mindset 2019 − .453 .669 − .426 − .135 .537 − .399 .619 − .621 − .014

(11) Flu Intention 2019 .487 − .437 .368 .278 − .343 .691 − .484 .526 .276 − .369

Figure 2.   Structural relations in main model.
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conspiracies as mediated by the four uses of media (0.204). Interestingly, as we note below, use of conservative 
media also became more aligned with conspiratorial thinking over time (Table 8).

The model included controls for demographic and political differences (see Table 7 for significant predictors 
of factors in the model). Although all those differences were related to COVID-19 vaccination intentions in 2021 
(Table 1), the only demographic characteristic that was directly related to vaccination intention was Evangelical 
religious identity (− 0.06 in Table 7). Because that characteristic was also related to media use and conspiratorial 
thinking, we included it as a direct predictor of media use to see if that would account for its ability to directly 
predict vaccination. As seen in Fig. 3, Evangelical identity did predict media use in 2021 apart from conservative 
ideology and conspiratorial thinking. Nevertheless, it remained a small direct negative predictor of vaccination, 
suggesting that its influence was mediated by factors not in the model. Thus, the mediators of vaccination inten-
tion explained all the demographic and political ideology differences in the model except for religious identity.

Alternative model for vaccination intention.  We tested an alternative model in which the trust and 
misinformation factors in 2019 were allowed to predict the various mediators of vaccination intention, including 
media use, with conspiratorial mindset restricted to only correlate with misinformation and trust in 2019. This 
model produced a weaker fit by all criteria: RMSEA = 0.046 (90% CI, 0.044, 0.047), CFI = 0.903, SRMR = 0.058. 
In addition, the sample-size adjusted Bayesian fit criterion was greater for the alternative model: 129,280 versus 
128,812. Examination of the residuals for the model indicated that it was less successful in explaining the relation 
between COVID conspiracy beliefs and misinformation than the model in Fig. 2 which fully accounted for the 
relation as a function of conspiratorial mindset. Thus, conspiratorial mindset explained why both types of beliefs 
were related, something that was less well captured by prior trust and misinformation alone.

Changes in Associations over Time.  We also were interested to see whether demographic and political 
ideology differences changed in relation to conspiratorial thinking and other predictors of vaccination across 
time. Because we had a different measure of conspiratorial thinking at each time point, we cannot assess absolute 
changes in this tendency. However, we can assess differences in the proportion of respondents who departed at 

Figure 3.   Structural relations for media predictors.
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least one standard deviation from the mean at both time points. As noted above, in 2019 about 20% of the panel 
was classified as high by this criterion. As seen in Fig. 1d, this proportion did not change appreciably, with about 
19% meeting this criterion. This suggests that despite the differences in the distributions, there was not a major 
shift in the prevalence of conspiratorial thinking over the two years. However, there could have been shifts in 
how this tendency aligned with partisan differences.

The results in Table 8 support the occurrence of differential change based on partisanship and ideology. 
The table presents correlations between various demographic and media-use characteristics with the major 
correlates of COVID vaccination intention in both 2019 and 2021 as well with conspiracy mindset at both time 
points. It is evident that those with a conservative political bent in 2018 also endorsed conspiratorial thinking 
more strongly in 2021 than in 2019 (0.314 vs. 0.106). In addition, those who relied on conservative media were 
more likely to report conspiratorial thinking in 2021 (0.227 vs. 0.033 for traditional conservative media and 
0.253 vs. 0.113 for ultra-conservative media). In addition, both Democrats and Republicans displayed changes 
in relation to conspiratorial thinking, with Democrats less attracted and Republicans more so. There were not 
dramatic changes in relation to use of other media, with users of both mainstream print and TV less likely to 

Table 7.   Standardized path weights and 99% confidence intervals (CIs) for structural equation model of 
vaccination intention.

Dependent Variable/Predictor Path weight 99% CI

Vaccination Intention

  Trust 2021 .280 .191, .364

  Covid threat 2021 .110 .050, .177

  Misinformation 2021 − .352 − .451, − .259

  Flu vaccination 2021 .243 .168, .314

  Age 2021 .028 − .023, .074

  Evangelical Identity 2018 − .058 − .114, − .011

Trust 2021

  Trust 2019 .265 .141, .388

  Conspiracy Mindset 2019 − .538 − .668, − .406

  Alternative Health Media 2019 − .116 − .056, − .179

  Education 2021 .063 .003, .130

Covid threat 2021

  Covid Conspiracy Beliefs 2021 − .643 − .716, − .573

  Alternative Health Media 2019 − .110 − .173, − .049

  Black Identity 2021 .141 .073, .210

  Female Gender 2021 .145 .087, .209

Misinformation 2021

  Misinformation 2019 .100 .024, .198

  Conspiracy Mindset 2019 .873 .768, .994

Flu Vaccination

  Conspiracy Mindset 2019 − .557 − .621, − .493

Covid Conspiracy Beliefs 2021

  Conspiracy Mindset 2019 .556 .489, .626

  Conservative Media 2021 .213 .148, .281

  Ultra-Conservative Media 2021 .150 .083, .218

  Mainstream Print 2021 − .201 − .254, − .143

  Alternative Health Media 2019 .096 .053, .149

  Conservative Political Identity 2021 .188 .124, .240

Conservative Media 2021

  Conspiracy Mindset 2019 .209 .141, .297

  Evangelical identity 2018 .162 .084, .235

Ultra-Conservative Media 2021

  Conspiracy Mindset 2019 .271 .193, .369

  Evangelical Identity 2018 .078 − .003, .163

Mainstream Print 2021

  Conspiracy Mindset 2019 − .445 − .509, − .379

  Evangelical Identity 2018 − .087 − .149, − .017

Alternative Health Media 2019

  Conspiracy Mindset 2019 .294 .217, .371
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display conspiratorial thinking at both times. These changes suggest that the politization of the pandemic along 
with dissemination of conspiracy theories differentially affected the conspiratorial thinking of those on either 
side of the political spectrum.

The changes in correlations with the mindset were also accompanied by changes in other correlates of COVID 
vaccination. The most dramatic shifts occurred for vaccine misinformation, with Democrats reducing their 
endorsement of misinformation from 0.196 in 2019 to − 0.261 in 2021 and Republicans increasing their endorse-
ment from − 0.100 in 2019 to 0.213 in 2021. Similar shifts were observed for conservatives and those using 
conservative media. Users of more mainstream media tended to reduce their belief in vaccine misinformation. 
Similar patterns were observed for perceptions of the risks of COVID compared with measles, with greater 
perceptions of risk for COVID associated with less misinformation. There was very little shift in trust of health 
authorities or willingness to take the vaccine for the flu.

The associations between mediating beliefs and various demographic characteristics also were observed. 
Respondents with greater education and income were more rejecting of misinformation in 2021 than in 2019, 
suggesting that the pandemic reversed some of the vaccination resistance associated with those differences in 
2019. Similarly, older and female respondents became less accepting overall of misinformation in 2021. Black and 
Hispanic respondents reported more belief in misinformation in 2021 than 2019, while Evangelical respondents 
did not exhibit much change across time.

Discussion
In this research, we interviewed a large national panel of US adults about vaccines in 2019 before the current 
COVID-19 pandemic and again early in 2021, shortly after the presidential election and the FDA emergency 
use authorization of vaccines against COVID-19 in the US.

Consistent with our hypotheses, we found that conspiratorial thinking in 2019 predicted distrust of health 
authorities and other indicators of vaccination hesitance in 2021 better than did 2019 trust and acceptance of 
misinformation alone. Tendencies toward conspiratorial thinking were related across time despite differences 
in measurement and were also highly related to factors associated with vaccination hesitancy in 2019 (Table 3), 
indicating that this form of thought was already associated with a wide range of beliefs opposed to vaccination 
even before the COVID pandemic. This pattern is consistent with other research that has found strong links 
between conspiratorial thinking and vaccination hesitancy in both the US and other countries17,30,47.

Our measure of conspiratorial thinking in 2021 adds further evidence that such thinking is driven by deep 
distrust of political and other institutions of authority. Not surprisingly, research has found that conspiratorial 
thinking is related to distrust of science in general18,48,49. As seen in Fig. 2, earlier conspiratorial thinking pre-
dicted a decline in trust which was greater than the carryover in trust from 2019 (− 0.54 vs. 0.27). In addition, 
conspiratorial thinking predicted belief in novel pandemic conspiracy theories (0.56) while earlier trust did not.

Table 8.   Comparisons between correlations with predictors of COVID vaccination in 2019 and 2021 and 
demographic, political identity, and media use characteristics in 2018/19. Differences greater than 3 standard 
errors are highlighted.

Correlate

Vaccine 
Misinfor-
mation 2021

Vaccine 
Misinfor-
mation 2019

Trust in 
Health 
Authorities 
2021

Trust in 
Health 
Authorities 
2019

Risk of Covid 
2021

Risk of 
Measles 2019

Conspiracy 
Mindset 2021

Conspiracy 
Mindset 2019

Flu 
Vaccination 
2021

Flu 
Vaccination 
2019

Age − .234 .157 .178 .187 .171 − .045 − .165 − .204 .273 .197

Female − .125 − .017 − .072 − .058 .095 .162 .034 .097 − .054 − .037

Education − .266 .201 .114 .185 − .001 − .051 − .237 − .282 .158 .117

Income − .251 .177 .135 .160 .006 − .077 − .234 − .304 .166 .118

Evangelical .147 .141 − .077 − .061 − .058 − .050 .108 .046 .000 .025

Black Identity .139 − .124 .004 − .007 .121 .064 .126 .123 − .015 − .029

Hispanic 
Identity .110 − .083 − .028 − .016 .062 .048 .061 .124 − .042 .018

Conservative 
Ideology .336 − .233 − .243 − .228 − .429 .013 .314 .106 − .149 − .133

Democrat − .261 .196 .238 .221 .358 .158 − .299 − .109 .203 .163

Republican .213 − .100 − .124 − .067 − .301 − .006 .240 .005 − .028 − .022

Print News − .313 .213 .226 .238 .252 .094 − .277 − .229 .237 .202

TV News − .237 .142 .268 .230 .217 .151 − .184 − .134 .241 .172

Conservative 
Media .176 − .100 − .129 − .121 − .315 − .021 .227 .033 − .096 − .061

Ultra-
Conservative 
Media (2021)

.226 − .124 − .224 − .172 − .359 − .016 .253 .113 − .135 − .064

Social Media − .129 .110 .118 .053 .115 .065 − .081 − .026 .070 .056

Alt Health 
Media .225 .252 − .095 − .205 .057 .106 .194 .269 − .143 − .068
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As noted by Pierre30, persons with a conspiracy mindset are likely to be attracted to information that sup-
ports their distrust. Accordingly, those with a conspiratorial mindset also avoided the use of mainstream news 
outlets that tended to support established health authorities and were more reliant on politically conservative and 
alternative health sources that questioned health authorities and advanced COVID-specific conspiracy theories. 
They were also much more likely to accept various forms of misinformation about vaccination, potentially sup-
porting their anti-vaccination tendencies.

Unlike prior findings that distinguished COVID-specific from more general vaccination misinformation 
beliefs16, we found that both misinformation and conspiracy theories about COVID-19 vaccines were assimilated 
with all types of misinformation about vaccines. For example, the belief that COVID-19 vaccines “will change 
your DNA” loaded just as highly on the overall vaccination misinformation factor as other more general anti-
vaccination beliefs. The conspiracy belief that the “pharmaceutical industry created the coronavirus to increase 
sales of its drugs and vaccines” also loaded on the misinformation factor. These findings are consistent with a 
review concluding that social media posts often link conspiracy theories about vaccines with various forms of 
misinformation about them14. These patterns also suggest that COVID specific beliefs were anchored in skepti-
cism toward vaccines that predated the current pandemic.

Aside from conspiracies about vaccines, other conspiracy theories posited that the extent and severity of 
COVID-19 infections were exaggerated by some to harm President Trump’s reelection prospects. These beliefs 
were more directly associated with reduced perception of the threat of the disease, which also tended to be asso-
ciated with less acceptance of COVID-19 vaccination. This pattern has been observed previously21 and is likely 
a result of downplaying the seriousness of the pandemic by the sitting president and conservative media50,51.

We also found evidence that the political polarization of the pandemic influenced persons with different 
political leanings to either greater acceptance or rejection of conspiratorial thinking. Although there was no 
evidence of overall increase in conspiratorial thinking over time, users of conservative media expressed more 
acceptance of conspiratorial thinking in 2021 than they had in 2019. Similar divergences were observed for 
Democrats and Republicans, with the former becoming less accepting of conspiratorial thinking while the latter 
becoming more so. Differences in acceptance of vaccination misinformation paralleled those relations. Although 
not directly tested by the structural model, it is clear that political ideology was positively related to conspiracy 
thinking in 2019 (r = 0.37) as well as to the use of both types of conservative media (0.33 and 0.21), with all three 
indirectly related to less overall support for COVID vaccination (− 0.23). These patterns suggest that conspirato-
rial thinking can be enhanced or reduced during periods of political conflict in which political leaders appeal to 
conspiratorial theories that are then disseminated by partisans or partisan-aligned media. Although it is possible 
that the differences between our time 1 and time 2 measures of conspiracy mindset were partly responsible for 
the differences in their relations with political identities, we found the same patterns in relation to vaccination 
misinformation which was closely related to conspiratorial thinking.

Our findings also speak to concerns that a conspiracy mindset is nothing more than a summary of beliefs in 
various conspiracies44. The mindset was not only predictive of distrust of health authorities but also predicted 
use of media that promulgated novel conspiracy theories about the pandemic. Indeed, use of conservative media 
in 2021 was more associated with the mindset than it was in 2019, suggesting that people who use politically-
slanted media can become even more accepting of the mindset if it is supported by those media. Nevertheless, 
questions remain about the precursors of the mindset: Are certain individuals more prone to adopt it and what 
kinds of experiences predispose to its development?

Importantly, the level of accurate knowledge about vaccination increased for some in our panel between 
time 1 and time 2. As seen in Table 5, people with more education and income were more likely to endorse 
misinformation in 2019 that focused primarily on the MMR vaccine than when the items included vaccines 
for COVID in 2021, suggesting that the efforts to control the pandemic changed some previous skeptics into 
vaccine acceptors. A similar pattern was observed for age. These findings suggest that many of those who came 
to support COVID-19 vaccination were previously more resistant to vaccination, such as one population most 
vulnerable to it—the elderly (see Table 5).

Limitations.  Our panel in 2021 tended to be less nationally representative than it was when it was first 
created by Amerispeaks. While this over-represented older, more educated and wealthier respondents, the sam-
ple was comparable in terms of gender, religious identity, and political ideology, the latter two of which were 
strongly related to vaccination intentions. All analyses controlled for demographic and ideological differences, 
increasing the likelihood that our model of the influence of conspiratorial thinking was free from confounds 
with those characteristics. At time 2, our sample was comparable in terms of reported vaccination intentions 
for COVID-19 as assessed in other national surveys at the time52, adding further evidence that the findings are 
reflective of the factors that were at work in influencing vaccination intentions early in 2021.

We had different measures of conspiratorial thinking at the two waves, and this may have limited our abil-
ity to draw conclusions about differences in the overall levels of this mindset across time. However, we were 
able to identify differences in how the mindset correlated with other measures across time, including belief in 
misinformation and political ideology.

Although our findings were limited to the US, studies in Germany53 and Croatia54 also found that differences 
in support for COVID preventive actions were linked with contemporaneous conspiratorial thinking and were 
explained by differences in trust of the government. Thus, the phenomenon we isolated may not be limited to 
the US.

Conclusions and policy implications.  The major implication of our findings is that efforts to encourage 
acceptance of COVID-19 vaccines will hinge not only on providing information about their efficacy and safety 
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from sources audience members find credible55 but also improving knowledge of vaccination in general16. Some 
strategies toward this goal include reducing uncertainty about misinformation since knowledge-based inter-
ventions may be more effective in targeting this outcome than in changing strong beliefs in misinformation56. 
Increasing transparency about the potential harms of vaccines has been found to increase trust in health 
authorities57. Discrediting or undercutting belief in conspiracy theories that undermine vaccination acceptance 
will also be important. Highlighting statements from presumed conspiracy promoters (e.g., Donald Trump sup-
porting vaccination) has been found to increase vaccination rates58.

Materials and methods
Survey sample.  APPC conducted six waves of surveys with a panel randomly selected from the NORC 
Amerispeaks panel59 of adults ages 18 + (N = 3000) starting in September 2018 and ending in October 2019. The 
Amerispeaks panel is a national probability sample that uses both online and telephone surveys to reach a rep-
resentative cross-section of the US population. The surveys focused on knowledge and attitudes toward vaccines 
in general but with a focus on the measles and flu vaccines8,60. Respondents were queried about their assessment 
of misinformation about the safety and harms of vaccines, trust in health authorities, their uptake of the flu vac-
cine, and tendencies toward conspiratorial thinking. Because this process yielded a broad database of informa-
tion about people’s vaccine hesitancy prior to the COVID pandemic, we were able to use it to test our hypotheses 
about the influence of those factors on acceptance of vaccination for COVID-19 following their emergency use 
authorization. The survey was deemed exempt from regulatory review by the University of Pennsylvania Institu-
tional Review Board which conforms to the Declaration of Helsinki. In addition, all respondents gave informed 
consent to participate in the surveys at each wave of the study.

We invited the 1422 respondents who were still in the panel at the fifth wave of the study (April 2019) to 
complete a follow-up survey in late December 2020 and January 2021. The 4th and 5th waves (March and April 
2019) provided responses for the analysis of vaccination beliefs and conspiratorial thinking. The first wave in 
2018 provided information about religious identity, and the second, also in 2018, provided information about 
use of alternative health media and political party affiliation. A total of 1243 (87%) completed the follow-up (see 
Table 1 for demographic characteristics). The survey was also offered in Spanish, and 28 respondents (2.3%) 
completed it using that language. This sample tended to be older, more educated, racially white, and with higher 
income than the original panel at the first wave in 2018. However, the gender distribution as well as religious 
identity and political ideology were comparable. We used listwise deletion to study the follow-up sample rather 
than attempting to impute the missing cases, because imputation could overestimate carry-over from earlier 
waves. We also controlled for demographic differences in all analyses.

Survey items.  Tables 2, 3, 4, 5 have the wording of the items that were used to assess the major predictors 
of vaccination in 2019 and 2021.

Misinformation about the safety and efficacy of vaccination.  In both years, we asked a variety of questions 
regarding the safety and unfounded fears of vaccines in general. In both surveys, we asked whether vaccines are 
a cause of autism in children and whether vaccines contain toxins such as antifreeze. We also sought an assess-
ment of receipt of childhood vaccines on the recommended schedule and whether vaccines in the US were safe. 
Other items referred to the effectiveness of the MMR vaccine (2019) and whether getting a vaccination for the 
flu will give one a serious case of the disease. Some items referred specifically to misinformation about COVID 
vaccination, such as whether the COVID vaccine will give one COVID. While these were specific to the COVID 
pandemic, they factored along with the more general misinformation items.

Trust in health authorities.  At both times, we asked about the trustworthiness of various health authorities, 
such as the CDC, the pharmaceutical industry, and primary care provider.

Covid vaccine conspiracy theories.  At the 2021 survey, we asked about two conspiracy theories that were directly 
related to the vaccines that had recently been authorized on an emergency basis. One referred to whether the 
pharmaceutical industry secretly created the virus and the other to whether vaccines developed by Bill Gates 
might secretly be tracking their recipients.

Covid conspiracy beliefs.  At the 2021 survey, we asked about acceptance of four conspiracy theories circulating 
in the US61 including that the virus was created by the Chinese government as a bioweapon.

Covid health threats.  In the 2021 survey, we assessed various beliefs about the personal threat of the disease, 
such as whether the respondent was worried about contracting the virus or whether engaging in otherwise 
normal activities such eating in a restaurant would heighten risks to health. In the 2019 survey, we asked similar 
questions about the threat of measles.

Conspiratorial thinking.  We measured conspiratorial thinking in two ways. In the 2019 survey, we asked about 
popular conspiracies, such as those that attributed the attacks on 9–11 to the US government or cast fluoridation 
of water as a plot to dump hazardous waste17,40. These items have been found to be highly related to measures 
of more generic conspiratorial thinking41, such as to whether our lives are controlled by plots hatched in secret 
places. In the 2021 survey, we assessed conspiratorial thinking in this way, using a scale that has been shown to 
predict vaccination intentions in the US16,32. Both measures are subject to response biases reflecting the undesir-
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ability of accepting conspiracies46. We identified these biases in the structural model with a method factor that 
allowed the items to be related apart from the underlying factor in the model.

Receipt of the flu vaccine.  In both years, we asked whether the respondent either had or intended to receive the 
vaccine for the 2020/2021 season or had planned to get it for the upcoming flu season of 2019/2020. This served 
as a behavioral indicator of hesitancy to another recommended vaccine that has been found to predict hesitance 
toward vaccination for COVID-1916.

Media use.  In the 2021 survey, we asked how much information respondents got from a variety of news and 
commentary sites, such as the mainstream television stations and social media21. We specifically asked about 
conservative media, such as Fox News, which had been linked with greater belief in COVID conspiracies during 
the first year of the pandemic22. In 2021, we also asked about newly emerging ultra-conservative media, such as 
Newsmax and The Gateway Pundit. Except for ultra-conservative media platforms, our 2018 and 2021 media 
measures were the same.

Use of alternative health media.  Because conspiratorial thinking has been linked to use of alternative health 
aids18–20, we included information assessed in 2019 about whether respondents used any of three prominent 
types of alternative health media. Because use of the three tended to be highly inter-related, we took the first 
principal component, which accounted for 64% of the variance, as a summary score for this source of informa-
tion.

Intention to receive the Covid vaccine.  At the 2021 survey, we asked “When a no-cost vaccine that is approved 
by the Food and Drug Administration, also known as the FDA, to protect people from the coronavirus, also 
known as COVID-19, becomes available to you, how likely, if at all, would you be to get vaccinated? Responses 
were recorded from “Not at all likely”1 to “Very likely”4.

Political ideology.  In both 2018 and 2021, we asked for placement on the liberal to conservative political spec-
trum: “Generally speaking, would you describe your political views as?” with responses going from Very liberal1 
to Very conservative5 in order to control for differences in ideology that might be confounded with media use. 
In 2018, we also asked for political party identification.

Demographic characteristics.  We included various personal characteristics that were related to vaccination 
acceptance, including gender, age, education, household income, and racial-ethnic identity (see Table 1). All 
characteristics were related to intentions to receive the COVID-19 vaccine by X2 tests, p < 0.001.

Statistical analysis.  We first conducted exploratory factor analyses to determine whether our classifica-
tions of items were consistent with the data. Those factors were then tested to confirm the measurement model 
using confirmatory factor analysis as described in the Results. Once a satisfactory measurement model was 
identified, we then used a structural equation model to test the major hypotheses that conspiratorial thinking in 
2019 could predict COVID-19 vaccination intention in 2021 as mediated by trust in health authorities, beliefs in 
misinformation, concerns about the health effects of the infection, COVID conspiracy beliefs, and intention to 
receive the flu vaccine in 2021. Furthermore, we tested the alternative hypothesis that trust and misinformation 
as assessed in 2019 could predict subsequent mediators better than conspiratorial thinking in 2019.

We also tested the hypothesis that prior conspiratorial thinking would predict greater use of media that have 
been associated with growth in pandemic conspiracy beliefs and less use of media that have been associated with 
lower levels of those beliefs, relations we previously observed using the measure of generic conspiratorial thinking 
in 202116,32. In this analysis, we also had a measure of use of alternative health media in 2019 that we included to 
determine whether this use of media could explain use of conservative media by conspiracy believers. Finally, 
we examined changes in correlations between demographic, media use, and political indicators between 2019 
and 2021 to see if the politicization and heightened focus on vaccination changed how those differences were 
related to beliefs about vaccination and conspiratorial thinking.

The program Mplus was used to fit models62. Bootstrapping with 1000 samples was used to define 99% con-
fidence intervals (CIs) for all model parameters, and standard goodness of fit indices were used to assess model 
fit63. Parameters that did not reach the 90% CI were dropped to enhance the parsimony of the final models. 
Although there was little missing data, Mplus uses full-information maximum likelihood methods to impute 
missing scores.

Data availability
The dataset analyzed in the current study is available from the corresponding author upon reasonable request.

Received: 19 August 2022; Accepted: 7 October 2022

References
	 1.	 Zheng, C. et al. Real-world effectiveness of COVID-19 vaccines: A literature review and meta-analysis. Int. J. Infect. Dis. 114, 

252–260 (2022).
	 2.	 Our World in Data. COVID-19 vaccine: United States. https://​ourwo​rldin​data.​org/​coron​avirus (2022).

https://ourworldindata.org/coronavirus


14

Vol:.(1234567890)

Scientific Reports |        (2022) 12:18632  | https://doi.org/10.1038/s41598-022-22014-5

www.nature.com/scientificreports/

	 3.	 MacDonald, N. E., SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: Definition, scope and determinants. Vaccine 
33, 4161–4164 (2015).

	 4.	 Salmon, D. A., Dudley, M. Z., Glanz, J. M. & Omer, S. B. Vaccine hesitancy: Causes, consequences, and a call to action. Vaccine 
33, D66–D71 (2015).

	 5.	 World Health Organization. Ten Threats to Global Health in 2019. https://​www.​who.​int/​news-​room/​spotl​ight/​ten-​threa​ts-​to-​global-​
health-​in-​2019 (2019).

	 6.	 de Figueiredo, A., Simas, C., Karafillakis, E., Paterson, P. & Larson, H. J. Mapping global trends in vaccine confidence and inves-
tigating barriers to vaccine uptake: A large-scale retrospective temporal modelling study. The Lancet https://​doi.​org/​10.​1016/​
S0140-​6736(20)​31558-0 (2020).

	 7.	 Lee, C., Whetten, K., Omer, S. B. & Salmon, D. A. Hurdles to herd immunity: Distrust of government and vaccine refusal in the 
US, 2002–2003. Vaccine https://​doi.​org/​10.​1016/j.​vacci​ne.​2016.​06.​048 (2016).

	 8.	 Stecula, D. A., Kuru, O. & Jamieson, K. H. How trust in experts and media use affect acceptance of common anti-vaccination 
claims. Harv. Kennedy Sch. HKS Misinf. Rev. https://​doi.​org/​10.​37016/​mr-​2020-​007 (2020).

	 9.	 Bargain, O. & Aminjonov, U. Trust and compliance to public health policies in times of COVID-19. J. Public Econ. 192, 104316 
(2020).

	10.	 Pak, A., McBryde, E. & Adegboye, O. A. Does high public trust amplify compliance with stringent COVID-19 government health 
guidelines? A multi-country analysis using data from 102,627 individuals. Risk Manag. Healthc. Policy 14, 293–302 (2021).

	11.	 Yuan, H., Long, Q., Huang, G., Huang, L. & Luo, S. Different roles of interpersonal trust and institutional trust in COVID-19 
pandemic control. Soc. Sci. Med. https://​doi.​org/​10.​1016/j.​socsc​imed.​2021.​114677 (2022).

	12.	 Szilagyi, P. G. et al. The role of trust in the likelihood of receiving a COVID-19 vaccine: Results from a national survey. Prev. Med. 
153, 106727 (2021).

	13.	 Eggertson, L. Lancet retracts 12-year-old article linking autism to MMR vaccines. Can. Med. Assoc. J. 182, E199–E200 (2010).
	14.	 Wawrzuta, D., Jaworski, M., Gotlib, J. & Panczyk, M. Characteristics of antivaccine messages on social media: Systematic review. 

J. Med. Internet Res. 23, e24564 (2021).
	15.	 Loomba, S., de Figueiredo, A., Piatek, S. J., de Graaf, K. & Larson, H. J. Measuring the impact of COVID-19 vaccine misinforma-

tion on vaccination in the UK and USA. Nat. Hum. Behav. 5, 337–348 (2021).
	16.	 Jamieson, K. H., Romer, D., Jamieson, P. E., Winneg, K. M. & Pasek, J. The role of non-COVID-specific and COVOD-specific 

factors in predicting a shift in willingness to vaccinate: A panel study. Proc. Natl. Acad. Sci. 118, e2112266118 (2021).
	17.	 Lewandowsky, S., Gignac, G. E. & Oberauer, K. The role of conspiracist ideation and worldviews in predicting rejection of science. 

PLoS ONE 8, e75637 (2013).
	18.	 Soveri, A., Karlsson, L., Antfolk, J., Lindfelt, M. & Lewandowsky, S. Unwillingness to engage in behaviors that protect against 

COVID-19: The role of conspiracy beliefs, trust, and endorsement of complementary and alternative medicine. BMC Public Health 
21, 684 (2021).

	19.	 Bertin, P., Nera, K. & Adams, S. Conspiracy beliefs, rejection of vaccination, and support for hydrocholoroquine: A conceptual 
replication-extension in the COVID-19 pandemic context. Front. Psychol. 11, 565128 (2020).

	20.	 Imhoff, R. & Lamberty, P. A bioweapon or a hoax? The link between distinct conspiracy beliefs about the coronavirus disease 
(COVID-19) outbreak and pandemic behavior. Soc. Psychol. Personal. Sci. https://​doi.​org/​10.​1177/​19485​50620​934692 (2020).

	21.	 Romer, D. & Jamieson, K. H. Conspiracy theories as barriers to controlling the spread of COVID-19 in the U.S. Soc. Sci. Med. 263, 
113356. https://​doi.​org/​10.​1016/j.​socsc​imed.​2020.​113356 (2020).

	22.	 Romer, D. & Jamieson, K. H. Patterns of media use, strength of belief in COVID-19 conspiracy theories, and the prevention of 
COVID-19 from March to July 2020 in the US. J. Med. Internet Res. 23, e25215 (2021).

	23.	 Freeman, D. et al. Coronavirus conspiracy beliefs, mistrust, and compliance with government guidelines in England. Psychol. Med. 
52, 251–263. https://​doi.​org/​10.​1017/​S0033​29172​00018​90 (2022).

	24.	 Ripp, T. & Roer, J. P. Systematic review on the association of COVID-19-related conspiracy belief with infection-preventive behavior 
and vaccination willingness. BMC Psychol. 10, 66. https://​doi.​org/​10.​1186/​s40359-​022-​00771-2 (2022).

	25.	 van Mulukom, V. et al. Antecedents and consequences of COVID-19 conspiracy beliefs: A systematic review. Soc. Sci. Med. 301, 
114912. https://​doi.​org/​10.​1016/j.​socsc​imed.​2022.​114912 (2022).

	26.	 Douglas, K. M., Sutton, R. M. & Cichocka, A. The psychology of conspiracy theories. Curr. Dir. Psychol. Sci. 26, 538–542 (2017).
	27.	 Keeling, B. L. Of conspiracy theories. J. Philos. XCVI, 109–126 (1999).
	28.	 Swami, V. et al. Analytic thinking reduces belief in conspiracy theories. Adv. Polit. Psychol. 28, 1–33 (2014).
	29.	 Jolley, D. D. & Douglas, K. M. The effects of anti-vaccine conspiracy theories on vaccination intentions. PLoS ONE 9, 389177 

(2014).
	30.	 Hornsey, M. J., Harris, E. A. & Fielding, K. S. The psychological roots of anti-vaccination attitudes: A 24-nation investigation. 

Health Psychol. 37, 307–315 (2018).
	31.	 Oliver, J. E. & Wood, T. Medical conspiracy theories and health behaviors in the United States. JAMA Intern. Med. 174, 817–818 

(2014).
	32.	 Romer, D. & Jamieson, K. H. Conspiratorial thinking, selective exposure to conservative media, and response to COVIC-19 in the 

US. Soc. Sci. Med. 291, 114480. https://​doi.​org/​10.​1016/j.​socsc​imed.​2021.​114480 (2021).
	33.	 Pierre, J. M. Mistrust and misinformation: A two-component, socio-epistemic model of belief in conspiracy theories. J. Soc. Polit. 

Psychol. 8, 617–641 (2020).
	34.	 Herper, M. & Florko, N. Drug makers rebut Trump tweet that FDA ‘deep state’ is delaying Covid-19 vaccines and drugs. STAT​ 

https://​www.​statn​ews.​com/​2020/​08/​22/​drug-​makers-​rebut-​trump-​tweet-​that-​fda-​deep-​state-​delay​ing-​covid​19-​vacci​nes-​drugs/ 
(2020).

	35.	 Motta, M., Stecula, D. A. & Farhart, C. How right-leaning media coverage of COVID-19 facilitated the spread of misinformation 
in the early stages of the pandemic in the US. Can. J. Polit. Sci. https://​doi.​org/​10.​1017/​S0008​42392​00003​96 (2020).

	36.	 Pew Research Center. Republicans, Democrats Move Even Further Apart in Coronavirus Concerns. 1–41 (2020).
	37.	 Lewandowsky, S. & Cook, J. The Conspiracy Theory Handbook. http://​www.​clima​techa​ngeco​mmuni​cation.​org/​wp-​conte​nt/​uploa​

ds/​2020/​03/​Consp​iracy​Theor​yHand​book.​pdf (2020).
	38.	 Butter, M. The Nature of Conspiracy Theories (Polity Press, Cambridge, 2020).
	39.	 Pennycook, G., McPhetres, J., Bago, B. & Rand, D. G. Beliefs about COVID-19 in Canada, the United Kingdom, and the United 

States: A novel test of political polarization and motivated reasoning. Pers. Soc. Psychol. Bull. https://​doi.​org/​10.​1170/​01461​67221​
10236​52 (2021).

	40.	 Darwin, H., Neave, N. & Holmes, J. Belief in conspiracy theories: The role of paranormal belief, paranoid ideation and schizotypy. 
Personal. Individ. Differ. 50, 1289–1293 (2011).

	41.	 Bruder, M., Haffke, P., Neave, N., Nouripanah, N. & Imhoff, R. Measuring individual differences in generic beliefs in conspiracy 
theories across cultures: Conspiracy mentality questionnaire. Front. Psychol. 4, 1–15 (2013).

	42.	 Uscinski, J. E., Klofstad, C. & Atkinson, M. D. What drives conspiratorial beliefs? The role of informational cues and predisposi-
tions. Polit. Res. Q. 69, 57–71 (2016).

	43.	 Enders, A. M. et al. Do conspiracy beliefs form a belief system? Examining the structure and organization of conspiracy beliefs. J. 
Soc. Polit. Psychol. 9, 255–271 (2021).

https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://doi.org/10.1016/S0140-6736(20)31558-0
https://doi.org/10.1016/S0140-6736(20)31558-0
https://doi.org/10.1016/j.vaccine.2016.06.048
https://doi.org/10.37016/mr-2020-007
https://doi.org/10.1016/j.socscimed.2021.114677
https://doi.org/10.1177/1948550620934692
https://doi.org/10.1016/j.socscimed.2020.113356
https://doi.org/10.1017/S0033291720001890
https://doi.org/10.1186/s40359-022-00771-2
https://doi.org/10.1016/j.socscimed.2022.114912
https://doi.org/10.1016/j.socscimed.2021.114480
https://www.statnews.com/2020/08/22/drug-makers-rebut-trump-tweet-that-fda-deep-state-delaying-covid19-vaccines-drugs/
https://doi.org/10.1017/S0008423920000396
http://www.climatechangecommunication.org/wp-content/uploads/2020/03/ConspiracyTheoryHandbook.pdf
http://www.climatechangecommunication.org/wp-content/uploads/2020/03/ConspiracyTheoryHandbook.pdf
https://doi.org/10.1170/01461672211023652
https://doi.org/10.1170/01461672211023652


15

Vol.:(0123456789)

Scientific Reports |        (2022) 12:18632  | https://doi.org/10.1038/s41598-022-22014-5

www.nature.com/scientificreports/

	44.	 Sutton, R. M. & Douglas, K. M. Conspiracy theories and the conspiracy mindset: Implications for political ideology. Curr. Opin. 
Behav. Sci. 34, 118–122 (2020).

	45.	 Miller, J. M., Saunders, K. L. & Farhart, C. Conspiracy endorsement as motivated reasoning: The moderating roles of political 
knowledge and trust. Am. J. Polit. Sci. 60, 824–844 (2016).

	46.	 Smallpage, S. M., Enders, A. M., Drochon & Uscinski, J. E. The impact of social desirability bias on conspiracy belief measurement 
across cultures. Polit. Sci. Res. Methods https://​doi.​org/​10.​1017/​psrm.​2022.1 (2022).

	47.	 Lindholt, M. F., Jorgensen, F., Bor, A. & Petersen, B. M. Public acceptance of COVID-19 vaccines: cross-national evidence on levels 
and individual-level predictors using observational data. BMJ Open 11, e048172 (2021).

	48.	 Harambam, J. & Aupers, S. Contesting epistemic authority: Conspiracy theories on the boundaries of science. Public Underst. Sci. 
24, 466–480 (2015).

	49.	 Imhoff, R., Lamberty, P. & Klein, O. Using power as a negative cue: How conspiracy mentality affects epistemic trust in sources of 
historical knowledge. Pers. Soc. Psychol. Bull. 44, 1364–1379 (2018).

	50.	 Allcott, H. et al. Polarization and public health: Partisan differences in social distancing during the Coronavirus pandemic. J. Public 
Econ. 191, 104254 (2020).

	51.	 Clinton, J., Cohen, J., Lapinski, J. & Trussler, M. Partisan pandemic: How partisanship and public health concerns affect individuals’ 
social mobility during COVID-19. Sci. Adv. 7, eabd7204 (2021).

	52.	 King, W., Rubenstein, M., Reinhart, A. & Mejia, R. Time trends, factors associated with, and reasons for COVID-19 vaccine 
hesitancy: A massive online survey of US adults from January-May 2021. PLoS ONE 16, e0260731 (2021).

	53.	 Bruder, M. & Kunert, L. The conspiracy hoax? Testing key hypotheses about the correlates of generic beliefs in conspiracy theories 
during the COVID-19 pandemic. Int. J. Psychol. 57, 43–48 (2022).

	54.	 Banai, I. P., Banai, B. & Miklousic, I. Beliefs in COVID-19 conspiracy theories, compliance with the preventive measures, and trust 
in government medical officials. Curr. Psychol. https://​doi.​org/​10.​1007/​s12144-​021-​01898-y (2021).

	55.	 Larson, H. J. et al. Measuring trust in vaccination: A systematic review. Hum. Vaccines Immunother. 14, 1599–1609 (2018).
	56.	 Betsch, C., Korn, L. & Holtmann, C. Don’t try to convert the antivaccinators, instead target the fence-sitters. Proc. Natl. Acad. Sci. 

112, E6725–E6726 (2015).
	57.	 Peterson, M. B., Bor, A., Jorgensen, F. & Lindholt, M. F. Transparent communication about negative features of COVID-19 vaccines 

decreases acceptance but increases trust. Proc. Natl. Acad. Sci. 118, e2024597118 (2021).
	58.	 Larsen, B. et al. Using Donald Trump’s COVID-19 vaccine endorsement to give public health a shot in the arm: A large-scale ad 

experiment. www.​nber.​org/​papers/​w29896 (2022).
	59.	 NORC of the University of Chicago. About AmeriSpeak from NORC. https://​www.​ameri​speak.​org/​about-​ameri​speak (2020).
	60.	 Stecula, D. A., Kuru, O., Albarracin, D. & Jamieson, K. H. Policy views and negative beliefs about vaccines in the United States, 

2019. Am. J. Public Health https://​doi.​org/​10.​2105/​AJPH.​2020.​305828 (2020).
	61.	 Islam, M. S. et al. COVID-19–related infodemic and its impact on public health: A global social media analysis. Am. J. Trop. Med. 

Hyg. 103, 1621–1629 (2020).
	62.	 Muthén, L. K. & Muthén, B. O. Mplus user’s guide. (Muthén & Muthén, Los Angeles, CA, 1998-2017).
	63.	 Bollen, K. A. & Davis, W. R. Causal indicator models: Identification, estimation, and testing. Struct. Equ. Model. 16, 498–522 

(2009).

Acknowledgements
The authors declare that they have no competing interests. This study draws on data on the nature and preva-
lence of misinformation about vaccination collected under a grant from the Robert Wood Johnson Foundation.

Author contributions
D.R. and K.H.J. conceived of the study and jointly wrote the paper. D.R. conducted the analyses.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1017/psrm.2022.1
https://doi.org/10.1007/s12144-021-01898-y
https://www.nber.org/papers/w29896
https://www.amerispeak.org/about-amerispeak
https://doi.org/10.2105/AJPH.2020.305828
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Conspiratorial thinking as a precursor to opposition to COVID-19 vaccination in the US: a multi-year study from 2018 to 2021
	Results
	Relations with media use. 
	Alternative model for vaccination intention. 
	Changes in Associations over Time. 

	Discussion
	Limitations. 
	Conclusions and policy implications. 

	Materials and methods
	Survey sample. 
	Survey items. 
	Misinformation about the safety and efficacy of vaccination. 
	Trust in health authorities. 
	Covid vaccine conspiracy theories. 
	Covid conspiracy beliefs. 
	Covid health threats. 
	Conspiratorial thinking. 
	Receipt of the flu vaccine. 
	Media use. 
	Use of alternative health media. 
	Intention to receive the Covid vaccine. 
	Political ideology. 
	Demographic characteristics. 

	Statistical analysis. 

	References
	Acknowledgements


