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Abstract

Background

Public health officials have classified smoking as a risk factor for COVID-19 disease sever-

ity. Smokers generally have less trust in health experts than do nonsmokers, leading to

reduced risk perceptions. This study addresses smokers’ trust in information sources about

COVID-19 and how trust is associated with perceived COVID-19 susceptibility and severity

among smokers.

Methods and findings

A nationally representative sample of 1,223 current smokers were surveyed between Octo-

ber and November 2020, indicating their level of trust in COVID-19 information sources, and

their perceptions of risk from COVID-19. Multiple differences in trustworthiness emerged;

smokers trusted their personal doctor for information about COVID-19 more than other infor-

mation sources, while news media were generally distrusted. In addition, the FDA was

trusted less than the NIH and CDC. Several “trust gaps” were observed, indicating dispari-

ties in levels of trust associated with gender, ethnicity, education, and political orientation,

which had the strongest association with trust of all factors. Political orientation was also a

significant predictor of COVID-19 risk perceptions, but there was no independent effect of

political orientation when accounting for trust, which was predictive of all risk perception

outcomes.

Conclusions

Trusted sources, such as personal doctors, may most effectively convey COVID-19 infor-

mation across political orientations and sociodemographic groups. News media may be

ineffective at informing smokers due to their low credibility. The results suggest that trust

may explain the apparent effect of political orientation on COVID-19 risk perceptions. Impli-

cations for researchers, communication professionals, and policy makers are discussed.
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Introduction

While cigarette smoking’s link to SARS-CoV-2 infection and COVID-19 outcomes remains

under investigation [1, 2], national public health officials classified smoking as a risk factor for

COVID-19 disease severity, and some jurisdictions prioritized smokers for vaccination, as

they are considered a priority population by the U.S. CDC for receiving a COVID-19 booster

[3]. Despite these elevated health risks, smokers show disproportionately low willingness to

receive the COVID-19 vaccine relative to the general population [4]. The compounding effects

of smoking-related illness, COVID-19-related illness, and vaccine hesitancy exacerbate an

already dire public health crisis [5]. The ability of policy-makers to promote protective behav-

ior among smokers depends on understanding the bases of smokers’ resistance to such mea-

sures. One prominent cause of resistance to public health measures during the COVID-19

pandemic has been mistrust in public institutions and traditional sources for medical informa-

tion, such as the CDC, FDA, and media organizations [6, 7]. Yet, insufficient research has

examined this phenomenon among smokers specifically, although smokers are known to differ

from the general population in key respects.

In this study, we examine the extent to which smokers’ trust in COVID-19 information

sources may explain their COVID-19 risk perceptions and risk mitigation behaviors. This

research extends prior work that has found smokers are less trusting of health experts than are

nonsmokers, which partially accounts for their reduced risk perceptions and greater use of nic-

otine products [8]. Here, we report the first nationally representative study of smokers to

address (a) whom smokers trust for information about COVID-19 and (b) how trust is associ-

ated with perceived COVID-19 susceptibility and severity. We also explore individual differ-

ences that prior research has linked to trust and risk perceptions among the general

population, including basic demographic factors as well as political orientation [9]. By identi-

fying the strongest links to trust and risk perceptions among smokers, policy makers can more

effectively tailor communication efforts to appeal to sub-populations, depending on their

receptivity and need for information. Communication efforts can also leverage the most

trusted sources of COVID-19 information among smokers in persuasive campaigns or attempt

to repair the reputation of institutions that have lost the public’s trust. In this way, the present

study has implications for promoting policies of smoking cessation, social distancing, mask

wearing, testing, and vaccination uptake among smokers.

Trust in health information sources

People seek to be informed about goal-relevant issues in order to adapt to changing environ-

ments [10]. Threats in particular elicit strong reactions due to psychological phenomena such

as loss aversion [11]. In the context of the COVID-19 pandemic, numerous sources have dis-

seminated information about the disease, its routes of transmission, its health consequences,

as well as personal behaviors and social policies that mitigate risks [12, 13]. The effect of

received information on subsequent beliefs and behaviors is not fully determined by the con-

tent of the information itself. Rather, cues such as source credibility play a substantial role in

determining whether the information is accepted and then influences behavior [14]. The con-

cept of source credibility has a long history and can be defined as the perception that a source

is trustworthy in a given context in that it (a) possesses correct information (e.g., is competent

enough to know the truth) and (b) does not communicate in a deceptive or misleading manner

(e.g., only makes claims known to be true).

Trust and credibility are widely considered important factors in risk communication situa-

tions, particularly when the issue at hand is new or sufficiently complex that the individual

lacks the experience, knowledge, or motivation to directly assess the risks or evaluate the
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arguments of an important societal issue [15, 16]. In these situations, individuals become more

reliant upon the risk assessments and management of experts and their institutions (e.g.,

industry, regulatory agencies, independent experts, and scientists), where trust serves as a

peripheral heuristic cue that operates to reduce the complexity of an individual’s risk-benefit

assessment [17].

The COVID-19 pandemic has coincided with a proliferation of sources providing health

information and misinformation [18]. These include alternative media and social media plat-

forms whose reach extends across borders and social strata. This proliferation functions, at

least in part, to compete with institutional messaging, and research has shown that acceptance

of heterodox COVID-19 narratives is associated with distrust of public health institutions and

scientists [19].

Within the United States, COVID-related policies and health recommendations have been

developed and disseminated by governmental sources like the CDC, NIH, FDA, and so forth,

but these efforts have received mixed responses among the public. For example, compliance

with public health measures such as movement restrictions, social distancing guidelines, and

mask requirements has varied systematically with levels of trust in policy-makers during the

COVID-19 pandemic [20–22]. Furthermore, people in the United States have generally shown

lower trust in their government’s responses to COVID-19 than those in other developed

nations [23], and sub-populations within the US, such as those with less education, and ethnic

minorities, show even lower trust in public health institutions for information such as the

health consequences of e-cigarettes [8]. As the negative effects of coronavirus continue to

mount, there remains a need to study public trust of COVID-19 information sources and its

potential to influence beliefs and behaviors pertinent to health promotion.

Key factors associated with trust

The COVID-19 pandemic has been a politically charged phenomenon, leading to strong asso-

ciations between political orientation and individual responses to the pandemic. This has man-

ifested as differences between liberals and conservatives in perceptions of risk associated with

the disease, skepticism toward government policies addressing the pandemic, engagement in

protective behavior, and trust in public health institutions [24, 25]. Although reactions have

evolved over time and across a varied political landscape, in general, Americans identifying as

more liberal have reported greater trust in public health institutions, greater perceived threat

of coronavirus, and stronger adherence to protective behaviors such as physical distancing,

mask wearing, and vaccination [26].

The link between trust in COVID-19 information sources and political orientation among

smokers has not been rigorously studied. Cigarette smokers differ from the general population

in important respects. For example, the population of smokers tends to skew more liberal in

the United States [27] and is disproportionately Caucasian [28]. Smoking increases risks of

severe COVID-19 disease, yet, smokers tend to be more sensation-seeking and risk tolerant

[29]. Smokers also tend to have optimistic bias [30] and believe they are unlikely to face conse-

quences of their smoking behavior. Recently, research has shown that persistent smokers with

low desire to quit are less likely to consider themselves at risk of severe COVID-19 infection

[31]. So, it remains important to observe levels of trust among smokers, and the link between

trust and risk perceptions in the context of COVID-19.

Links between trust, risk perceptions, and behavior

Risk management and communication scholars have noted the critical importance of public

trust for understanding people’s attitudes on societal issues with implications for health and
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safety [32–40]. Studies have found robust associations between trust in risk-communication

sources and individual risk perceptions for a multitude of issues relevant to public health [38,

41], including climate change [33], food safety [42], pesticides [37], hazardous waste disposal

[43], and artificial sweeteners [37].

Complex and evolving, the COVID-19 pandemic has prompted individuals to make crucial

health decisions while, in many cases, lacking the experience and expertise to evaluate the

emerging evidence to make informed decisions. Therefore, according to dual-process theories

of persuasion [15, 44] these individuals must rely largely on a peripheral information-process-

ing route in forming their opinions about the risk-benefits of policies and behaviors alike. The

degree of public trust in sources for information about COVID-19 should play an important

role in individual reactions to the conflicting risk communications about COVID-19 that are

currently widespread.

Since the onset of the COVID-19 pandemic, emerging research has aimed to further eluci-

date the associations between trust and risk perceptions in the context of the COVID-19 pan-

demic [45]. For instance, a multinational study of risk perceptions found that trust in

government was negatively associated whereas trust in science and medical professionals were

positively associated with risk perceptions [46]. Distinguishing among types of trust, a study

conducted in Swiss adults found lower social trust (tendency to trust institutions with per-

ceived similarity in values) but higher general trust (tendency to trust strangers) was associated

with high perceived risk of COVID-19 [7]. A limited corpus of research has further linked

COVID-19 risk perceptions to attitudes towards government policies to control the spread of

COVID-19 and to individual risk-mitigation behaviors [45, 47–49]. For instance, the afore-

mentioned study additionally found and that perceived risks were associated with COVID-19

social distancing behaviors and acceptance of government policies to close schools, restau-

rants, bars, and shops [7]. In another study, an online survey of a convenience sample found

trust in science and COVID-19 risk perceptions were uniquely associated in COVID-19 pre-

vention behaviors and the association between political orientation and behavior may be

mediated by trust in science [50]. Despite voluminous literature, there has been limited

research examining the association between source trust for COVID-19 information and risk

perceptions among the population of smokers who are burdened with elevated risk of

COVID-19 morbidity and mortality, and whose level of trust may not resemble the general

public. The present study, therefore, aims to measure smokers’ trust in COVID-19 informa-

tion sources and describe the demographic factors associated with differences in trust levels. In

addition, this study examines predictors of COVID-19 risk perceptions, including trust.

Methods

Participants

Data were collected through the 2020 (October-November) Tobacco and COVID-19 Survey of

a national probability sample drawn from Ipsos Public Affairs’ KnowledgePanel, a probability-

based web panel designed to be representative of non-institutionalized U.S. adults [51]. Data

collected by KnowledgePanel have been used by numerous national health and research orga-

nizations [52–54]. Computers with internet access were provided for panelists who did not

have them. Adult panelists (18+ years) who had reported current cigarette smoking or current

ENDS use on recent Ipsos’ profile surveys were randomly sampled and invited to participate

upon confirmation that they were current users of cigarettes (defined as having smoked at

least 100 cigarettes in their lifetime and now smoking “every day” or “some days”) or ENDS

(defined as now using ENDS “every day” or “some days”), or had recently (since February

2020) quit smoking cigarettes or using ENDS.
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Overall, 2,752 KnowledgePanel members were invited to participate in the survey, of which

1,630 (59.2%) completed the screener survey. Of the 1,535 qualified screener completers, nine

were excluded for completing the survey in less than one-third of the median duration time,

resulting in a final sample of 1,526 cases. Of these, 1,223 reported current cigarette smoking

(the present sample). A final stage completion rate (completed surveys out of total invited) of

55.5% and a qualification rate of 94.2% were obtained. The average panel recruitment rate for

this study, reported by Ipsos, was 11.3% and the average profile rate was 62.4%, for a cumula-

tive response rate (the product of panel recruitment rate, profile rate, and screener completion

rate) of 4.2% [55]. A study-specific post-stratification weight was computed using an iterative

proportional fitting (raking) procedure using benchmarks obtained from the 2019 National

Health Interview Survey data (gender, race/ethnicity, census region, metropolitan status, edu-

cation) and KnowledgePanel profile data (household income). The GSU IRB approved the

study as exempt and authorized a waiver for obtaining study-specific consent. Ipsos obtains

blanket informed consent from all panelists electronically when they join the panel.

Materials and measures

Trust. To indicate trust, participants answered the question, “how much do you trust

what each of the following say about coronavirus?” for the CDC, FDA, NIH, “health experts

and scientists”, their “doctor or other medical provider”, and news media. Trust was indicated

on a five-point scale ranging from “strongly distrust” (-2) to “strongly trust” (2). All trust items

had less than 4% of participants fail to respond or indicate they did not know. Across all trust

items, approximately 2.2% of responses were missing or indicated the participant did not

know (165 out of 7338).

Perceived COVID-19 risk. Participants answered four questions about their perceived

COVID-19 risk. First, in terms of susceptibility (“How likely do you think you are to be

infected by the coronavirus over the next year?”), they responded on a 5-point scale from

“unlikely” (1) to “certain” (5). Second, in terms of severity (“how severe do you think your

symptoms will be if you become infected with coronavirus?”), they responded on an 11-point

scale from “I would likely have no symptoms” (0) to “I would likely die from it” (10). This vari-

able was linearly transformed into a 1–5 scale to help standardize the univariate interpretation.

Specifically, each score was multiplied by .4 and added to the quantity 1. Using constants to

linearly transform the scores fully preserves the distribution of the variable and has no effect

on its correlation with other variables. Third, participants indicated how much they believed

that smoking cigarettes causes greater COVID-19 susceptibility (“Based on what you believe,

how much do you agree or disagree with the following statements? Smoking cigarettes can

cause me to be more likely to get coronavirus.” Participants responded on a 5-point scale that

ranged from “strongly disagree” (1) to “strongly agree” (5). Fourth, participants indicated how

much they believed that smoking cigarettes causes greater COVID-19 severity (“Based on

what you believe, how much do you agree or disagree with the following statements? Smoking

cigarettes can cause me to have more severe effects of coronavirus.” Participants responded on

a 5-point scale that ranged from “strongly disagree” (1) to “strongly agree” (5). For all risk per-

ception variables, less than 7% of participants had a missing a response or indicated they did

not know. Across all risk items, approximately 3.6% of responses were missing or indicated

the participant did not know (175 out of 4892).

Political orientation. Participants indicated their political orientation by responding to

the question, “Which of the following best describes how you think of yourself.” Participants

responded on a seven-point scale from “extremely liberal” (1) to “extremely conservative” (7),

with the midpoint (4) labelled “moderate.” For a more parsimonious and interpretable
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analysis, we recoded political orientation into three categories: Liberal, Moderate, and Conser-

vative. For this variable, less than 2% of participants were missing a response or indicated they

did not know (23 out of 1223).

Covariates. Participants indicated their age, gender, ethnicity, education-level, income,

marital status, employment status, COVID-19 infection status, family-member COVID-19

infection status, and perceived physical health. Each of these were coded as categorical vari-

ables for use as covariates in regression models and for between-group mean comparisons

(see Fig 1).

Analysis

For the analyses, survey-weighted means, 95% CIs, and survey-weighted ordered logistic

regressions were estimated using Stata, version 16 (StataCorp LLC). A threshold of p< .05

(2-sided) was used for statistical significance tests. Use of survey-weights accounts for dif-

ferential rates of participation among demographically identifiable sub-populations [56].

The process for generating these weights is described above alongside the sampling proce-

dures. For the regression models, trust ratings of the five health sources (CDC, FDA, NIH,

health experts and scientists, personal doctor or medical provider) were averaged into a sin-

gle scale that showed good reliability (α = .88) and unidimensionality (CFI = .979, SRMR =

.024; see Reynolds [57]). For each analysis, listwise deletion was used to preserve a more

consistent analytic sample.

Fig 1. Trust in COVID-19 information sources among smokers (weighted means and CIs). Brackets contain 95% CIs. Sampling probability weights were used.

Trust variables used a 5-point scale ranging from “strongly distrust” (-2) to “strongly trust” (2). Darker green corresponds with greater trust; darker red

corresponds with greater distrust. Respondents who selected “don’t know” or refused to answer (2.2% of total responses) were excluded from this analysis

(listwise). p values indicate the significance level of the omnibus test of mean differences for each grouping variable.

https://doi.org/10.1371/journal.pone.0262097.g001
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Results

Sample participants were 44.6% women, 75.2% Non-Hispanic White, 11.3% Non-Hispanic

Black, 8.2% Hispanic, and 5.3% other. The mean age was 53.3 years (SD = 14.1, min. = 18,

max. = 87). On average, smokers trusted their personal doctor for information about COVID-

19 more than other information sources (Fig 1). Health experts and federal agency health

sources (NIH, CDC, FDA) were generally trusted; the average smoker was more trusting than

distrusting of these sources, notwithstanding variation between these sources. In general, the

FDA was less trusted than the CDC, t(1165) = 5.59, p< .001, and less trusted than the NIH, t
(1165) = 4.03, p< .001 (Survey-weighted t-tests were used). News media were generally dis-

trusted as sources of COVID-19 information.

Political orientation had the strongest association with trust of all factors among smokers.

As a group, liberals were the most trusting, followed by moderates, and then conservatives. On

average, conservatives were still, albeit slightly, more trusting than distrusting of health sources

for COVID-19 information. Only liberals trusted news media (on average) while moderates

were distrustful, and conservatives even more so.

Female smokers were generally less trusting in health sources than male smokers, and this

effect was most pronounced for trust in the FDA, Health Experts and Scientists, one’s Personal

Doctor. Compared to minority smokers, Non-Hispanic White smokers indicated more dis-

trust in news media, but ethnicity was not associated with trust in other information sources.

More education was associated with greater trust for every source but news media among

smokers, and individuals with at least a bachelor’s degree appeared to be particularly trusting

of official health sources and their personal doctor.

Greater trust was associated with greater perceived risk of COVID-19 susceptibility and

severity, controlling for other factors (Table 1). Smokers with more trust in health sources

were also more likely to believe that smoking increases their COVID-19 susceptibility and

severity (if infected). Both trust in health sources as well as trust in news media were indepen-

dently associated with perceived COVID-19 severity. Although political orientation was a sig-

nificant correlate of multiple risk perception outcomes (models U), when statistically

accounting for trust (models T) there was no independent effect of political orientation.

The models in Table 1 also revealed that additional demographic factors were associated

with risk perceptions after controlling for trust. Specifically, more educated smokers were

more likely to believe that smoking increases the susceptibility and severity of COVID-19 dis-

ease, and this effect appears to be independent of trust. Smokers above the age of 60 were also

likely to perceive greater risk from COVID-19 but conversely, those older smokers were less

likely to perceive smoking as a contributing factor to their susceptibility to COVID-19 or the

severity of COVID-19’s effects.

Discussion

As the COVID-19 pandemic continues to harm the health and livelihoods of people in the U.

S. and worldwide, the health-behaviors enacted by the public, such as vaccination, remain

important determinants of the course of the pandemic [58]. The well-established link between

risk perceptions and health behavior [59] implies the need to understand the predictors of risk

perceptions toward COVID-19, which include trust in COVID-19 information sources. The

issue of trust itself then raises questions about the best routes to disseminate critical informa-

tion, and the need to enhance or rebuild credibility. This study addresses these questions for

the population of smokers, which has been understudied in this context, yet remains at ele-

vated risk from COVID-19 and disease in general [1]. The present results show differences of

trust levels in major information sources including the NIH, CDC, FDA, health experts and
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scientists, personal doctors, and news media, as well as demographic factors associated with

trust. The present results also demonstrate three important facts about the role of political

polarization in the COVID-19 pandemic among smokers: (a) that highly divergent perspec-

tives have emerged along ideological lines about which sources are trustworthy for medical

Table 1. Predictors of COVID-19 risk perceptions among smokers (ordered logistic regression).

Outcome

Perceived COVID Susceptibility Perceived COVID Severity Belief that Smoking Increases

COVID Susceptibility

Belief that Smoking Increases

COVID Severity

Predictor

Variable

Model 1U Model 1T Model 2U Model 2T Model 3U Model 3T Model 4U Model 4T

Political

Orientation

Liberal 1.61A[1.03,

2.52]

1.30 [0.84, 2.02] 1.58A[1.11, 2.26] 1.03 [0.73, 1.45] 1.39 [0.96, 2.00] 1.14 [0.78, 1.68] 1.68B[1.17, 2.41] 1.22 [0.84, 1.76]

Conservative 1.15 [0.80, 1.65] 1.41 [0.94, 2.13] 0.69A[0.51, 0.94] 0.94 [0.68, 1.29] 0.74 [0.54, 1.02] 0.85 [0.61, 1.18] 0.69A[0.50, 0.95] 0.84 [0.61, 1.17]

Trust (health

sources)

- 1.21 [0.95, 1.53] - 1.57C[1.30, 1.91] - 1.24A[1.02, 1.51] - 1.83C[1.49, 2.26]

Trust (news

sources)

- 1.23A[1.04, 1.45] - 1.32C[1.15, 1.52] - 1.12 [0.96, 1.31] - 1.02 [0.89, 1.18]

Age

18–29 Reference Reference Reference Reference Reference Reference Reference Reference

30–44 0.86 [0.44, 1.71] 0.86 [0.43, 1.72] 1.56 [0.93, 2.63] 1.61 [0.96, 2.71] 0.95 [0.54, 1.65] 0.93 [0.53, 1.64] 1.07 [0.64, 1.78] 1.07 [0.65, 1.77]

45–59 0.59 [0.30, 1.18] 0.58 [0.29, 1.15] 1.62 [0.97, 2.72] 1.66 [0.98, 2.80] 0.76 [0.42, 1.02] 0.73 [0.40, 1.33] 0.65 [0.38, 1.11] 0.64 [0.37, 1.09]

60+ 0.66 [0.31, 1.40] 0.61 [0.29, 1.31] 2.40B[1.31, 4.39] 2.18A[1.20, 3.99] 0.53 [0.28, 1.02] 0.49A[0.25, 0.96] 0.60 [0.33, 1.08] 0.55A[0.30, 0.99]

Gender

Male Reference Reference Reference Reference Reference Reference Reference Reference

Female 1.21 [0.90, 1.64] 1.28 [0.94, 1.75] 1.12 [0.85, 1.49] 1.24 [0.94, 1.64] 0.92 [0.70, 1.21] 0.95 [0.72 1.26] 0.83 [0.63, 1.09] 0.90 [0.69, 1.19]

Ethnicity

Non-Hisp.

White

Reference Reference Reference Reference Reference Reference Reference Reference

Non-Hisp.

Black

0.70 [0.42, 1.17] 0.64 [0.39, 1.06] 0.86 [0.54, 1.38] 0.81 [0.51, 1.29] 1.10 [0.68, 1.77] 1.05 [0.65, 1.69] 0.71 [0.45, 1.12] 0.73 [0.46, 1.16]

Hispanic 0.91 [0.47, 1.74] 0.77 [0.17, 1.26] 1.67 [0.93, 2.93] 1.34 [0.75, 1.42] 1.12 [0.59, 2.14] 1.00 [0.66, 2.75] 0.81 [0.44, 1.49] 0.73 [0.40, 1.35]

Other 0.48 [0.18, 1.25] 0.47 [0.40, 1.47] 0.81 [0.45, 1.45] 0.73 [0.44, 1.22] 1.36 [0.68, 2.72] 1.35 [0.65, 1.69] 0.79 [0.47, 1.33] 0.85 [0.48, 1.52]

Education

< High School Reference Reference Reference Reference Reference Reference Reference Reference

High School 0.98 [0.53, 1.83] 0.92 [0.48, 1.73] 1.39 [0.78, 2.45] 1.18 [0.68, 2.07] 2.15C[1.37, 3.38] 2.03B[1.28, 2.22] 2.51C[1.55, 4.07] 2.28C[1.40, 3.70]

Some College 1.15 [0.60, 2.23] 1.12 [0.58, 2.16] 1.20 [0.66, 2.18] 1.10 [0.61, 1.98] 1.76B[1.11, 2.79] 1.72A[1.07, 2.76] 2.32C[1.42, 3.80] 2.13B[1.27, 3.52]

Bachelor’s+ 1.71 [0.73, 4.01] 1.51 [0.64, 3.60] 1.28 [0.64, 2.55] 0.98 [0.50, 1.96] 3.39C[1.79, 6.40] 3.11C[1.63, 5.96] 3.39C[1.86, 6.21] 2.85C[1.54, 5.28]

N 1,163 1,159 1,093 1,097

Mean [95% CI] 1.95 [1.89, 2.02] 3.06 [2.99, 3.13] 2.72 [2.64, 2.80] 3.34 [3.26, 3.42]

Note. Displayed model-coefficients are adjusted odds ratios with 95% CIs within brackets.
Ap< .05,
Bp< .01,
Cp< .001.

For Political Orientation, “Moderate” is the reference category. Models were estimated using survey weights. Risk perception variables were scaled from 1 to 5 with

higher scores indicating greater perceived susceptibility/severity. For each outcome, models are reported both with (T) and without (U) the trust predictors. The

following adjustment variables were included in addition to those displayed: marital status, status, self-reported physical health, personal and family COVID-19 status.

Responses of “don’t know” were excluded.

https://doi.org/10.1371/journal.pone.0262097.t001
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information, (b) that political orientation is associated with perceived risks of COVID-19, but

(c) trust is the key variable that explains the apparent effect of polarization on COVID-19 risk

perceptions.

Among smokers, distrust of news media’s reporting about COVID-19 was prevalent. Of all

identified sub-groups, only politically-liberal smokers were significantly more trusting than

distrusting of news media. Political moderates tended to distrust news media about COVID-

19 information, while conservatives were profoundly distrustful. Although the extent and

nature of bias among news media outlets remains controversial [60, 61], conservatives perceive

media bias [62] which undermines effective communication of even non-political issues.

Because of this, communication through alternative channels may enhance communication

efforts, particularly when conservative audiences are the intended recipient. Personal doctors

may partially fulfil this role, as they were the most trusted among smokers, including conserva-

tives (by far). However, an ideological the trust gap still exists for personal doctors, who were

less trusted by moderates and conservatives than by liberals. Nonetheless, personal healthcare

providers may be the most effective messengers of COVID-19 information across sociodemo-

graphic groups and political orientations. These findings also call for additional research to

understand the factors that contribute to doctors’ ability to maintain trust with patients. For

example, Gopichandran and Chetlapalli [63] identified several “soft skills” that are primary

drivers of patient trust. These include establishing a comfortable environment for self-disclo-

sure, developing personal involvement with the patient, and cultural competence.

Gender was also significantly associated with trust in personal doctors, health experts and

scientists, and the FDA. For these three sources, women who smoke were less trusting than

men who smoke. Although the present results cannot attribute this difference to a particular

cause, this raises concern over potential ways in which these sources fail to garner equal trust

from women as they do men. For doctor-patient relationships specifically, research has shown

that men and women develop trust in response to different cues [64], and doctors may not be

adapting sufficiently to the needs of female patients. In addition, doctors have historically been

disproportionately male (although trends are reversing [65]), and the gender disparity may

contribute to the trust deficit between male and female smokers for doctors. Unequal gender

representation may play a role in differences in trust for health experts and the FDA, although

future research is needed to confidently identify the factors responsible.

Education was also associated with multiple trust variables. Smokers with more education,

and in particular those with at least a bachelor’s degree, were more trusting in all sources except

news media. This is consistent with prior findings that education is associated with greater trust

in expertise and official sources [8]. This effect may be due to a difference in ability to process

information between more and less educated individuals. Alternatively, this could reflect a dif-

ference in the value placed on formal training and expertise. Although equal representation of

all education levels within critical professions may not be feasible, future research should

develop messaging strategies to reduce the trust gap associated with education.

Ethnicity was not generally associated with trust, except in the case of news media. There,

minority smokers did not significantly differ from one another, but Caucasian smokers were

significantly distrusting of news media, and significantly less trusting than each minority group.

Although the cause of this trust gap remains uncertain, it is worth considering possible sources

of influence. In the US, mass media has traditionally under-represented minority groups or por-

trayed minorities according to inaccurate stereotypes [66]. Although disparities in representa-

tion persevere in media, the prevalence of Caucasian-centric content has declined somewhat,

the inclusion of diverse cast members has increased, and insensitive stereotypes of ethnic

minorities appear less frequently [67]. While none of this implies an anti-Caucasian bias, the

drift away from a pro-Caucasian bias may disrupt the relationship many once had with media
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content. Contemporary events must also be considered, as data for the present study were col-

lected mere months after the murder of George Floyd and prolonged media coverage of racially

charged protests and civil unrest [67] that drew attention to police brutality [68] but also exacer-

bated tensions along racial and political lines [69]. This may partially explain the significant dis-

trust of news media among Caucasian smokers if they felt reactance against this coverage.

Because credibility accrues to a source over time it may not be context-specific, and perceived

violations of trust may spill over into other contexts involving that source.

In addition to utilizing more trusted sources to disseminate information, the present results

show a need to repair credibility, particularly of news media, News media were the least trust-

worthy of all measured sources, and especially to political conservatives. Improving trust may

therefore be difficult for that population, however, there is also more opportunity to make

gains. More research should investigate the causes of conservatives’ distrust of news media

beyond surface-level perceptions of bias. Message exposure experiments should be conducted

to identify the kinds of messaging that are most and least appealing to conservative smokers.

For example, research can test the effectiveness of acknowledging values generally held by con-

servatives, regardless of the specific policy recommendation. Health recommendations may be

couched in terms of conservative values, for example by emphasizing that compliance leads to

a hastened end to government restrictions. For this purpose, researchers and message design-

ers can draw from the Moral Foundations Theory literature [70]. Simply cultivating basic ele-

ments of credibility may be effective broadly. This involves sustained demonstration of

competence, goodwill, and integrity in the eyes of skeptical sub-populations. Importantly,

repairing trust is complicated by the tendency of mistrust to arouse skepticism of attempts to

build trust. Sometimes the reputation of a firm, an agency, or an individual cannot be salvaged

[71], and new entities must be created.

This study showed that, for smokers, trust plays a consistent role in COVID-19 risk percep-

tions, which are a critical predictor of risk-mitigating behaviors [59, 72]. Smokers who were

more trusting of official health sources were more likely to perceive the effects of COVID-19

as severe and were more likely to believe smoking increases their susceptibility to COVID-19

and the severity of COVID-19, should they become infected. Smokers who were more trusting

off news media perceived themselves as more susceptible to infection. The present results pro-

vide cross-sectional data consistent with trust as a mediator of the link between political orien-

tation and risk perceptions. Although political orientation was correlated with COVID-19 risk

perceptions, it had no significant effect on any measured risk perception when controlling for

trust. This highlights the importance of trust as a plausible mechanism by which political ori-

entation may influence health-promoting behavior in a politically charged context.

Political action often involves competition among groups for scarce resources [73], leading

to conflict. In a state of conflict, honest communication is potentially detrimental if it provides

the adversary with useful information. Conversely, dishonest communication is an opportu-

nity to manipulate. For these reasons, excessive politicization of issues, such as health recom-

mendations, may generally erode trust between social groups. Perversely, however, it may

benefit in-group cohesion. The problem of mistrust and misinformation is complex and per-

haps intractable, but whatever solution may emerge will need to address the incentives that

perpetuate misinformation and mistrust. Some have proposed more stringent regulations

against misinformation in media [74], while others emphasize the drawbacks of censorship

[75]. Despite the difficulty in arriving at clear policy recommendations, the need for additional

research is obvious.

The link between trust and risk perceptions is at least partially consistent with dual-process

theories of persuasion [15, 44]. According to these theories, source credibility should be partic-

ularly impactful when the ability to understand or validate information is low. This has been
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the case during the COVID-19 pandemic in several respects. For example, the novelty of the

virus increases the difficulty of using prior knowledge to predict likely outcomes. In addition,

the effectiveness of health-measures is not directly observable by members of public but are

measured across populations, locations, and with sophisticated instruments. In situations of

this type people are less persuaded by arguments themselves, owing to the difficulty of evaluat-

ing the evidence, but rather they rely on sources they deem trustworthy. This explains the sig-

nificant association between trust and risk perceptions because the evidence is not able to

speak for itself, and people following different sources can easily come to different conclusions.

On the other hand, the pandemic has been so impactful, people are motivated to seek and pro-

cess information about it (i.e., “do their own research”) [76]. Nonetheless, motivation cannot

overcome a deficit in ability to process information, unless that ability is enhanced.

Education was also significantly associated with risk perceptions, controlling for all other

predictors. Specifically, more educated smokers (especially college graduates) were more likely

to believe that smoking cigarettes increased their susceptibility to COVID-19 infection, and

that the severity of the disease would be greater, should they be infected. In contrast, education

was not associated with perceived COVID-19 severity nor with their perceived personal sus-

ceptibility to infection. This effect may be a result of multiple processes. For example, through

selective exposure, more educated individuals may have been more likely to encounter news

stories or have discussions about cigarettes’ ability to increase severity of COVID-19 infection.

Future research should investigate the cause of these differences. Regardless of the mechanism,

this result suggests that the COVID-19 pandemic has persuasive potential. People who strongly

believe that cigarettes make them more vulnerable to COVID-19 may be more motivated to

quit smoking. There may be benefit in targeting more educated smokers with smoking cessa-

tion messages and resources that reference the unique risks of smoking combined with

COVID-19. On the other hand, recent research suggests that the COVID-19 pandemic has led

some smokers to consume more cigarettes, despite awareness of the health effects [77]. This is

partly due to increased stress, for which smoking is a coping mechanism. Therefore, it is

important to consider backfire effects with any intervention.

Limitations

The findings of this study should be considered alongside multiple limitations. First, the data

from this study are a cross-sectional sample collected at a single point in time. The pandemic

has evolved and had many stages corresponding to changes in case-rates, health-measures, vac-

cine availability, and so forth. The results presented here are a valuable snapshot, but research

should continue to investigate trust in COVID-19 information sources among smokers and

their association with risk perceptions. Longitudinal designs would enable greater confidence

about the causal process and allow description of trends over time as the situation changes.

This study shows the importance of trust for risk perceptions, which are known to predict

behavior, however, in this study we did not observe behavior directly. Doing so could help test

the health belief model [59] in this context to determine which risk perceptions are most pre-

dictive of smoking cessation or other health-behavior changes. Additional variable such as effi-

cacy could be added to determine the extent to which smokers feel able to control their health,

either through actions directed toward COVID-19 or through reduction in smoking.

This study was able to measure trust in several COVID-19 health sources, yet, future

research could benefit from an even more extensive set of trust variables. For example, more

nuanced indicators can assess trust in specific public figures or media personalities. This is rel-

evant because news media are a heterogenous collection of programs. It could be meaningful

to detect clusters of individuals whose trust of particular segments of media may differ from
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their trust of media overall. The same case can be made regarding social media, which encom-

passes numerous platforms, each of which are populated by user-driven content, community

interaction, and innumerable content creators. Because of social media’s individualized nature,

users on the same platform may be exposed to completely difference messages. These chal-

lenges should continue to be addressed.
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ing: Individual-participant meta-analysis of nine cohort studies. Addiction. 2015 Nov; 110(11):1844–52.

https://doi.org/10.1111/add.13079 PMID: 26227786

30. Masiero M, Lucchiari C, Pravettoni G. Personal fable: optimistic bias in cigarette smokers. International jour-

nal of high risk behaviors & addiction. 2015 Mar; 4(1). https://doi.org/10.5812/ijhrba.20939 PMID: 25883917

PLOS ONE Trust in COVID-19 information sources and perceived risk among smokers

PLOS ONE | https://doi.org/10.1371/journal.pone.0262097 January 27, 2022 13 / 15

https://doi.org/10.1016/j.eclinm.2020.100495
http://www.ncbi.nlm.nih.gov/pubmed/32838242
https://doi.org/10.1080/10410236.2013.858285
http://www.ncbi.nlm.nih.gov/pubmed/24905910
https://doi.org/10.3390/idr13030066
http://www.ncbi.nlm.nih.gov/pubmed/34449654
https://doi.org/10.1111/0272-4332.00030
https://doi.org/10.1111/0272-4332.00030
http://www.ncbi.nlm.nih.gov/pubmed/12022682
https://doi.org/10.3961/jpmph.20.094
https://doi.org/10.3961/jpmph.20.094
http://www.ncbi.nlm.nih.gov/pubmed/32498140
https://doi.org/10.1186/s12889-020-10013-y
https://doi.org/10.1186/s12889-020-10013-y
http://www.ncbi.nlm.nih.gov/pubmed/33388037
https://doi.org/10.1016/j.jpubeco.2020.104316
http://www.ncbi.nlm.nih.gov/pubmed/33162621
https://doi.org/10.1186/s12889-020-10013-y
https://doi.org/10.1186/s12889-020-10013-y
http://www.ncbi.nlm.nih.gov/pubmed/33388037
https://doi.org/10.1016/j.paid.2021.110892
https://doi.org/10.1016/j.paid.2021.110892
http://www.ncbi.nlm.nih.gov/pubmed/34866723
https://doi.org/10.3390/vaccines9040339
http://www.ncbi.nlm.nih.gov/pubmed/33916161
https://doi.org/10.1016/j.ypmed.2018.06.011
http://www.ncbi.nlm.nih.gov/pubmed/29940293
https://doi.org/10.1016/s1054-139x(98)00029-9
http://www.ncbi.nlm.nih.gov/pubmed/9730360
https://doi.org/10.1111/add.13079
http://www.ncbi.nlm.nih.gov/pubmed/26227786
https://doi.org/10.5812/ijhrba.20939
http://www.ncbi.nlm.nih.gov/pubmed/25883917
https://doi.org/10.1371/journal.pone.0262097


31. Chertok IR. Perceived risk of infection and smoking behavior change during COVID-19 in Ohio. Public

Health Nursing. 2020 Nov; 37(6):854–62. https://doi.org/10.1111/phn.12814 PMID: 32981125

32. Chryssochoidis G, Strada A, Krystallis A. Public trust in institutions and information sources regarding

risk management and communication: towards integrating extant knowledge. Journal of Risk Research.

2009 Mar 1; 12(2):137–85.

33. Hmielowski JD, Feldman L, Myers TA, Leiserowitz A, Maibach E. An attack on science? Media use,

trust in scientists, and perceptions of global warming. Public Understanding of Science. 2014 Oct; 23

(7):866–83. https://doi.org/10.1177/0963662513480091 PMID: 23825287

34. Kasperson JX, Kasperson RE, Pidgeon N, Slovic P. The social amplification of risk: assessing fifteen

years of research and theory. InThe feeling of risk 2013 Mar 7 (pp. 345–372). Routledge.

35. Schmidt AM, Ranney LM, Pepper JK, Goldstein AO. Source credibility in tobacco control messaging.

Tobacco Regulatory Science. 2016 Jan 1; 2(1):31–7. https://doi.org/10.18001/TRS.2.1.3 PMID:

27525298

36. Siegrist M. A causal model explaining the perception and acceptance of gene technology 1. Journal of

applied social psychology. 1999 Oct; 29(10):2093–106.

37. Siegrist M, Cvetkovich G, Roth C. Salient value similarity, social trust, and risk/benefit perception. Risk

analysis. 2000 Jun; 20(3):353–62. https://doi.org/10.1111/0272-4332.203034 PMID: 10949414

38. Siegrist M, Gutscher H, Earle TC. Perception of risk: the influence of general trust, and general confi-

dence. Journal of Risk Research. 2005 Mar 1; 8(2):145–56.

39. Slovic P. Perceived risk, trust, and democracy. Risk analysis. 1993 Dec; 13(6):675–82.

40. Slovic P, Flynn JH, Layman M. Perceived risk, trust, and the politics of nuclear waste. Science. 1991

Dec 13; 254(5038):1603–7. https://doi.org/10.1126/science.254.5038.1603 PMID: 17782210

41. Siegrist M. Trust and risk perception: A critical review of the literature. Risk Analysis. 2021 Mar; 41

(3):480–90. https://doi.org/10.1111/risa.13325 PMID: 31046144

42. Lobb AE, Mazzocchi M, Traill WB. Modelling risk perception and trust in food safety information within

the theory of planned behaviour. Food quality and preference. 2007 Mar 1; 18(2):384–95.

43. Groothuis PA, Miller G. The role of social distrust in risk-benefit analysis: A study of the siting of a haz-

ardous waste disposal facility. Journal of Risk and Uncertainty. 1997 Dec; 15(3):241–57.

44. Todorov A, Chaiken S, Henderson MD. The heuristic-systematic model of social information process-

ing. The persuasion handbook: Developments in theory and practice. 2002 Jul 23:195–211.

45. Ye M, Lyu Z. Trust, risk perception, and COVID-19 infections: Evidence from multilevel analyses of

combined original dataset in China. Social Science & Medicine. 2020 Nov 1; 265:113517.

46. Dryhurst S, Schneider CR, Kerr J, Freeman AL, Recchia G, Van Der Bles AM, et al. Risk perceptions of

COVID-19 around the world. Journal of Risk Research. 2020 Aug 2; 23(7–8):994–1006.

47. Dohle S, Wingen T, Schreiber M. Acceptance and adoption of protective measures during the COVID-

19 pandemic: The role of trust in politics and trust in science. Social Psychological Bulletin. 2020 Dec

23; 15(4):1–23.

48. Wong CM, Jensen O. The paradox of trust: perceived risk and public compliance during the COVID-19

pandemic in Singapore. Journal of Risk Research. 2020 Aug 2; 23(7–8):1021–30.

49. Heydari ST, Zarei L, Sadati AK, Moradi N, Akbari M, Mehralian G, et al. The effect of risk communication

on preventive and protective Behaviours during the COVID-19 outbreak: Mediating role of risk percep-

tion. BMC Public Health. 2021 Dec; 21(1):1–1. https://doi.org/10.1186/s12889-020-10013-y PMID:

33388037

50. Plohl N, Musil B. Modeling compliance with COVID-19 prevention guidelines: The critical role of trust in

science. Psychology, Health & Medicine. 2021 Jan 2; 26(1):1–2. https://doi.org/10.1080/13548506.

2020.1772988 PMID: 32479113

51. https://www.ipsos.com/sites/default/files/ipsosknowledgepanelmethodology.pdf.

52. Ahuja R, Ayala C, Tong X, Wall HK, Fang J. Peer Reviewed: Public Awareness of Health-Related Risks

From Uncontrolled Hypertension. Preventing Chronic Disease. 2018;15.

53. Grande D, Mitra N, Marti XL, Merchant R, Asch D, Dolan A, et al. Consumer Views on Using Digital

Data for COVID-19 Control in the United States. JAMA Network Open. 2021 May 3; 4(5):e2110918-.

https://doi.org/10.1001/jamanetworkopen.2021.10918 PMID: 34009347

54. Dixon G, Garrett K, Susmann M, Bushman BJ. Public opinion perceptions, private support, and public

actions of US adults regarding gun safety policy. JAMA Network Open. 2020 Dec 1; 3(12):e2029571-.

https://doi.org/10.1001/jamanetworkopen.2020.29571 PMID: 33351084

55. Callegaro M, DiSogra C. Computing response metrics for online panels. Public opinion quarterly. 2008

Dec 1; 72(5):1008–32.

PLOS ONE Trust in COVID-19 information sources and perceived risk among smokers

PLOS ONE | https://doi.org/10.1371/journal.pone.0262097 January 27, 2022 14 / 15

https://doi.org/10.1111/phn.12814
http://www.ncbi.nlm.nih.gov/pubmed/32981125
https://doi.org/10.1177/0963662513480091
http://www.ncbi.nlm.nih.gov/pubmed/23825287
https://doi.org/10.18001/TRS.2.1.3
http://www.ncbi.nlm.nih.gov/pubmed/27525298
https://doi.org/10.1111/0272-4332.203034
http://www.ncbi.nlm.nih.gov/pubmed/10949414
https://doi.org/10.1126/science.254.5038.1603
http://www.ncbi.nlm.nih.gov/pubmed/17782210
https://doi.org/10.1111/risa.13325
http://www.ncbi.nlm.nih.gov/pubmed/31046144
https://doi.org/10.1186/s12889-020-10013-y
http://www.ncbi.nlm.nih.gov/pubmed/33388037
https://doi.org/10.1080/13548506.2020.1772988
https://doi.org/10.1080/13548506.2020.1772988
http://www.ncbi.nlm.nih.gov/pubmed/32479113
https://www.ipsos.com/sites/default/files/ipsosknowledgepanelmethodology.pdf
https://doi.org/10.1001/jamanetworkopen.2021.10918
http://www.ncbi.nlm.nih.gov/pubmed/34009347
https://doi.org/10.1001/jamanetworkopen.2020.29571
http://www.ncbi.nlm.nih.gov/pubmed/33351084
https://doi.org/10.1371/journal.pone.0262097


56. Bollen KA, Biemer PP, Karr AF, Tueller S, Berzofsky ME. Are survey weights needed? A review of diag-

nostic tests in regression analysis. Annual Review of Statistics and Its Application. 2016 Jun 1; 3:375–

92.

57. Reynolds RM. Factor Analysis: Exploratory and Confirmatory. The International Encyclopedia of Media

Psychology. 2020 Sep 8:1–9.

58. Pilishvili T, Fleming-Dutra KE, Farrar JL, Gierke R, Mohr NM, Talan DA, et al. Interim Estimates of Vac-

cine Effectiveness of Pfizer-BioNTech and Moderna COVID-19 Vaccines Among Health Care Person-

nel—33 US Sites, January–March 2021. Morbidity and Mortality Weekly Report. 2021 May 21; 70

(20):753. https://doi.org/10.15585/mmwr.mm7020e2 PMID: 34014909

59. Jones CL, Jensen JD, Scherr CL, Brown NR, Christy K, Weaver J. The health belief model as an

explanatory framework in communication research: exploring parallel, serial, and moderated mediation.

Health Communication. 2015 Jun 3; 30(6):566–76. https://doi.org/10.1080/10410236.2013.873363

PMID: 25010519

60. Groseclose T, Milyo J. A measure of media bias. The Quarterly Journal of Economics. 2005 Nov 1; 120

(4):1191–237.

61. Hassell HJ, Holbein JB, Miles MR. There is no liberal media bias in which news stories political journal-

ists choose to cover. Science Advances. 2020 Apr 1; 6(14):eaay9344. https://doi.org/10.1126/sciadv.

aay9344 PMID: 32270038

62. Barnidge M, Gunther AC, Kim J, Hong Y, Perryman M, Tay SK, et al. Politically motivated selective

exposure and perceived media bias. Communication Research. 2020 Feb; 47(1):82–103.

63. Gopichandran V, Chetlapalli SK. Factors influencing trust in doctors: a community segmentation strat-

egy for quality improvement in healthcare. BMJ Open. 2013 Dec 1; 3(12):e004115. https://doi.org/10.

1136/bmjopen-2013-004115 PMID: 24302512

64. Ratnasari RT, Gunawan S, Talib JB, Herianingrum S, Widiastuti T, Septiarini DF, et al. The moderating

effects of gender between patient intimacy, trust, and loyalty. International Journal of Innovation, Crea-

tivity and Change. 2020; 12(10):1–6.

65. Allen I. Women doctors and their careers: what now?. Bmj. 2005 Sep 8; 331(7516):569–72. https://doi.

org/10.1136/bmj.331.7516.569 PMID: 16150771

66. Tukachinsky R, Mastro D, Yarchi M. Documenting portrayals of race/ethnicity on primetime television

over a 20-year span and their association with national-level racial/ethnic attitudes. Journal of Social

Issues. 2015; 17:17–38.

67. Mastro D. Race and ethnicity in US media content and effects. In Oxford Research Encyclopedia of

Communication 2017 Sep 26.

68. Mourtgos SM, Adams IT, Nix J. Elevated police turnover following the summer of George Floyd pro-

tests: A synthetic control study. Criminology & Public Policy. 2021 Aug 26.

69. Reny TT, Newman BJ. The Opinion-Mobilizing Effect of Social Protest against Police Violence: Evi-

dence from the 2020 George Floyd Protests. American Political Science Review. 2021:1–9.

70. Graham J, Haidt J, Koleva S, Motyl M, Iyer R, Wojcik SP, et al. Moral foundations theory: The pragmatic

validity of moral pluralism. In Advances in Experimental Social Psychology 2013 Jan 1 (Vol. 47, pp. 55–

130). Academic Press.

71. Rhee M, Valdez ME. Contextual factors surrounding reputation damage with potential implications for

reputation repair. Academy of Management Review. 2009 Jan; 34(1):146–68.

72. Ferrer RA, Klein WM, Avishai A, Jones K, Villegas M, Sheeran P. When does risk perception predict

protection motivation for health threats? A person-by-situation analysis. PloS One. 2018 Mar 1; 13(3):

e0191994. https://doi.org/10.1371/journal.pone.0191994 PMID: 29494705

73. Strom K. Democracy as political competition. American Behavioral Scientist. 1992 Mar; 35(4–5):375–

96.

74. Bronstein MV, Vinogradov S. Education alone is insufficient to combat online medical misinformation.

EMBO Reports. 2021 Mar 3; 22(3):e52282. https://doi.org/10.15252/embr.202052282 PMID:

33599078

75. Niemiec E. Reply to Bronstein and Vinogradov. EMBO reports. 2021 Mar 3; 22(3):e52500. https://doi.

org/10.15252/embr.202152500 PMID: 33599079

76. Siegel E. You must not ‘do your own research’ when it comes to science. Forbes. 2020 Jul 30.

77. Popova L, Henderson K, Kute N, Singh-Looney M, Ashley DL, Reynolds RM, et al. “I’m bored and I’m

stressed”: A qualitative study of exclusive smokers, ENDS users, and transitioning smokers or ENDS

users in the time of COVID-19. Nicotine & Tobacco Research. 2021 Oct 5. https://doi.org/10.1093/ntr/

ntab199 PMID: 34610133

PLOS ONE Trust in COVID-19 information sources and perceived risk among smokers

PLOS ONE | https://doi.org/10.1371/journal.pone.0262097 January 27, 2022 15 / 15

https://doi.org/10.15585/mmwr.mm7020e2
http://www.ncbi.nlm.nih.gov/pubmed/34014909
https://doi.org/10.1080/10410236.2013.873363
http://www.ncbi.nlm.nih.gov/pubmed/25010519
https://doi.org/10.1126/sciadv.aay9344
https://doi.org/10.1126/sciadv.aay9344
http://www.ncbi.nlm.nih.gov/pubmed/32270038
https://doi.org/10.1136/bmjopen-2013-004115
https://doi.org/10.1136/bmjopen-2013-004115
http://www.ncbi.nlm.nih.gov/pubmed/24302512
https://doi.org/10.1136/bmj.331.7516.569
https://doi.org/10.1136/bmj.331.7516.569
http://www.ncbi.nlm.nih.gov/pubmed/16150771
https://doi.org/10.1371/journal.pone.0191994
http://www.ncbi.nlm.nih.gov/pubmed/29494705
https://doi.org/10.15252/embr.202052282
http://www.ncbi.nlm.nih.gov/pubmed/33599078
https://doi.org/10.15252/embr.202152500
https://doi.org/10.15252/embr.202152500
http://www.ncbi.nlm.nih.gov/pubmed/33599079
https://doi.org/10.1093/ntr/ntab199
https://doi.org/10.1093/ntr/ntab199
http://www.ncbi.nlm.nih.gov/pubmed/34610133
https://doi.org/10.1371/journal.pone.0262097

