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Under the threat of public health challenges such as the recent COVID-19 pandemic, individual citizens’ 
active and cooperative participation in precautionary measures is crucial. Although non-compliance is 
recognized as a recurring problem, it remains unknown why some individuals tend to comply less than 
others and whether violations of preventive behaviors are observed consistently across different public 
health issues. To test our hypothesis that individuals would show consistent public health behavior 
transcending domains, we collected self-reports from two independent samples of participants (total 
N = 2983) on health risk beliefs and behavioral choices. Participants’ responses were collected in regard 
to two separate yet closely related public health issues: smoking and the COVID-19 pandemic. Our data 
reveal that on average, individuals’ beliefs and behaviors are consistent across different public health 
domains. In particular, smokers showed diminished compliance behaviors during the pandemic, which 
was mediated by their lower motives to protect public health. These results provide a psychological 
mechanism of how individuals’ health risk behaviors are generalized across different public health 
domains that may explain why some individuals (here, current-smokers) are more prone to violate 
public health behaviors.
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Over the past three years, public health has become a topic of global interest due to the recent COVID-19 
pandemic1. To minimize the spread of the disease, governments and public health experts emphasized the 
importance of individuals’ cooperation in taking prevention measures, such as social distancing, washing 
hands, and wearing face masks2. However, despite its importance, across many countries, it was shown that 
a fair amount of individuals expressed disagreement with the government policies (e.g., lockdown and social 
distancing) and did not comply with recommended prevention measures3.

Amongst the multitude of reasons explaining why some individuals show weak compliance with public 
health behaviors, one influential view is that these individuals have incorrect beliefs about the uncertain 
state of the pandemic due to lack of information or misinformation4. It follows that accurate and trustworthy 
communications from officials and experts regarding the current public health issue are crucial in enhancing 
public compliance5,6. Yet, how and why individuals differ in their responses to the same health-related 
information is often overlooked and remains unclear7. Independent of the amount and quality of information 
available, individuals’ different behavioral and cognitive tendencies (e.g., risk tolerance) may underlie the 
systematic differences observed in their compliance behaviors. For example, recent studies showed that even 
when well-informed about potential health risks, smokers persisted in engaging in health risk behaviors (i.e., no 
reduction in smoking amount8, lower compliance with prevention measures9). Based on this literature, a critical 
prediction of our hypothesis is that an individual’s responses to a novel public health issue can be predicted by 
their behavioral patterns observed in other public health issues. That is, individuals’ tendencies to take health 

1Department of Biomedical Engineering, UNIST, Ulsan, South Korea. 2Department of Psychology, Pusan National 
University, Busan, South Korea. 3Department of Psychiatry, Icahn School of Medicine at Mount Sinai, New York, 
NY, USA. 4Nash Family Department of Neuroscience, Icahn School of Medicine at Mount Sinai, New York, NY, USA. 
email: ssul@pusan.ac.kr; dchung@unist.ac.kr

OPEN

Scientific Reports |        (2024) 14:30292 1| https://doi.org/10.1038/s41598-024-81898-7

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-81898-7&domain=pdf&date_stamp=2024-12-5


risks in one domain would be generalized to another domain, and these consistent behavioral patterns may be 
accounted for by psychological factors (e.g., beliefs about the health risk they faced in each situation) consistent 
within an individual.

Here, we focused on smoking, a well-known health-related behavior that has been associated with respiratory 
diseases10, as the public health issue potentially linked to individuals’ compliance behavior under the COVID-19 
pandemic. Particularly after the outbreak of the current COVID-19 pandemic, the World Health Organization 
(WHO) included smoking as a potential risk factor for COVID-19 based on the reported association between 
smoking and increased severity of COVID-19 outcomes11,12. Although there have been variety of studies on 
smokers during the COVID-19 pandemic, the focus has been largely on the change of smoking behaviors13 or on 
the impact of smoking on the negative health outcomes of COVID-19 (symptom severity and death rates)14–20. 
Despite the close association between smoking behaviors and COVID-19, it remains unknown whether smoking 
and beliefs about its health risk predict the extent to which they would comply with the recommended public 
health policies regarding the pandemic. In the current study, we propose that understanding the link between 
individuals’ smoking and prevention behaviors under the risk of COVID-19 may reveal an alternative path how 
smoking could potentially place individuals at a higher health risk during the pandemic.

Previously, various studies have explored the extent to which smokers perceive the health risks associated with 
smoking. Most of these studies suggest that smokers tend to underestimate both their personal vulnerability to 
smoking-related health risks21–24 and the risks they pose to others through second-hand smoke25. However, there 
is no converging evidence on smokers’ risk perception, as findings vary depending on the type of risk judgement 
assessed by reserachers26–28. Despite this variability, a consistent finding across studies is that perceived risk 
of smoking is linked to smoking behavior, with higher perceived risk being associated with abstinence29,30. 
Recently, several studies investigated the link between beliefs about COVID-19 related health risks and smokers’ 
motivation to quit, suggesting significant, albeit indirect, associations between these two public health domains. 
Specifically, individuals who reported a greater perceived risk of COVID-19 infection31–33 or believed in the 
detrimental impact of smoking on the severity of COVID-1934–37 were likely to quit or reduce their smoking. 
However, it remains unclear whether individuals’ perceived risk of smoking is associated with their perceived 
risk of COVID-19, and whether their smoking behavior is linked to the level of compliance with COVID-19 
prevention measures.

Considering that decisions to smoke or not are known to have important social consequences other than 
their impacts on individuals’ own health (e.g., smoking has a severe impact on the health of individuals who are 
around38), we expected individuals’ beliefs and behaviors regarding smoking would align with those regarding 
the COVID-19. To test this hypothesis, we measured individuals’ behavioral choices on smoking (i.e., being a 
current-, past-, or never- smoker) and their beliefs about health risks related to smoking from two independent 
samples. We then examined whether these smoking-related measures were associated with individuals’ beliefs 
and behavioral choices related to the COVID-19 pandemic: perceived risk of infection and behavioral compliance 
with the recommended prevention policies against the COVID-19 pandemic. In examining these associations, 
we further noted that individuals’ public health choices must affect not only their own but also other individuals’ 
health. The impact of second-hand smoke is well-known as a significant health risk39 and individuals’ violation 
of prevention measures against contagious infections increases the likelihood of the spreading of the disease40. 
Given such social impacts of health choices, we hypothesized that individuals’ concerns for others’ health may 
have a crucial contribution to determining their public health choices across domains. To capture this, we 
measured individuals’ self-reports on the perceived risk of second-hand smoke as well as the perceived risk of 
direct smoking. Regarding the domain of the COVID-19, we asked individuals to report their motives to follow 
government policies for preventing the COVID-19 to examine their motives to prevent the spreading of the 
disease (i.e., protecting public health) apart from protecting their own health.

Throughout the current study, we investigated the following three hypotheses: H1) individuals’ beliefs about 
smoking would align with those about the COVID-19; H2) individuals’ behaviors regarding smoking would 
align with behaviors regarding COVID-19; and H3) concerns for others’ health would significantly influence 
public health choices across different domains. Our data reveal that the beliefs about health risks related to 
smoking were indeed associated with the beliefs about risks of being infected by coronavirus, and that this 
association in smokers was distinctive from that of past- or never- smokers. In addition, we show that smokers 
had lower motives to protect public health behind their decisions to follow government-recommended preventive 
behaviors, and this motive reduction accounted for their diminished compliance level. These results suggest that 
individuals’ public health choices are tightly linked through domain-independent health risk propensities.

Results
Known demographic characteristics of smokers are well represented in the sampled 
population
This study was part of a larger online study examining individuals’ belief and decision-making under 
uncertainty. Data were collected during the initial period of the pandemic (Sample 1: April 14–20; Sample 2: 
April 10–17, 2020) from two independent samples of 1500 and 1530 individuals in South Korea, both of which 
were nationally representative in terms of age, sex, and areas of residence. Each sample was divided into three 
groups based on participants’ smoking status (i.e., current-smokers, past-smokers, and never-smokers), and we 
examined the group differences in their beliefs about health risks and behavioral choices under the COVID-19 
pandemic. The first sample (Sample 1) included data collected from 1478 individuals (age = 44.54 ± 13.28, male/
female = 754/724; see “Methods” section for exclusion criteria; Table S1), comprising 276 (18.7%) current-
smokers (S), 271 (18.3%) past-smokers (PS), and 931 (63.0%) never-smokers (NS). The second sample (Sample 
2) included 1,505 individuals (age = 44.54 ± 13.12, male/female = 777/728; “Methods”, Table S2), comprising 344 
(22.9%) current-smokers, 239 (15.9%) past-smokers, and 922 (61.3%) never-smokers.
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Given the demographic characteristics of the South Korean smoker population (e.g., males are 
overrepresented41), we expected that our samples may bare demographical differences among individuals with 
different smoking statuses. To test this possibility, we used stepwise logistic regressions for each of the two 
independent samples where individuals’ smoking status was set as a dependent variable (1 = S, 0 = PS or NS) and 
demographical factors were set as candidate predictors (e.g., age, sex, education, income, and political ideology; 
see “Methods” section for detailed regression procedures). Smokers in our nationally representative samples 
indeed had demographic characteristics distinguishable from past- or never- smokers (Fig.  1). Specifically, 
factors associated with current-smokers included being a male participant (odds ratio (OR) = 0.15, P = 1.51e−28, 
CI [0.10, 0.21]), having lower education (OR = 0.81, P = 0.0027, CI [0.70, 0.93]) and political attitudes being 
liberal than conservative (OR = 0.85, P = 0.025, CI [0.74, 0.98]). These demographic characteristics of smokers 
were replicated in the independent sample (Sample 2; Fig. S1). Our subsequent analyses aimed to investigate 
the beliefs and behavioral choices of smoker and never-smoker groups in a naturalistic setting as well as after 
controlling for demographic characteristics. Therefore, whenever it was necessary, we included the three 
demographic characteristics (i.e., sex, education, and political attitude) as covariates.

Beliefs about the health risks of smoking are linked with beliefs about the COVID-19
The first candidate factor that may be shared across different public health domains is individuals’ belief about 
the health risk they face regarding each domain. To separately examine individuals’ health risk beliefs both in 
perspectives of a potential public health violator (smoker) or a bystander, we asked participants to answer the two 
questions “How likely do you think people in general may get diseases such as lung cancer from direct smoking?” 
and “How likely do you think people in general may get diseases such as lung cancer from second-hand smoke?”, 
respectively. Perceived risks of direct smoking were significantly different across the groups (F(2, 1475) = 24.97, 
P = 2.16e−11, Cohen’s f = 0.18; Fig. 2A, top). Specifically, both the current- and past- smoker groups reported 
higher perceived risk of direct smoking compared to the never-smoker group did (S vs. NS: t(1205) = 5.64, 
P = 2.10e−08, Cohen’s d = 0.39, PS vs. NS: t(1200) = 4.90, P = 1.09e−06, d = 0.34), while the reports from current- 
and past- smokers were not significantly different (t(545) = 0.75, P = 0.45, d = 0.065). Individuals’ self-reported 
beliefs about the risk of smoking showed largely the same pattern in the independent sample (Sample 2; Fig. S2). 
These results indicate that unlike previously known notions of smokers’ underestimation of health risks, smokers 
overestimate the risk compared to never-smokers.

The group difference in the opposite direction was found for the health risk of second-hand smoke (F(2, 
1475) = 21.93, P = 4.11e−10, f = 0.17; Fig. 2A, bottom). Contrast to the beliefs about direct smoking, current-
smokers reported the lowest level of perceived risk and never-smokers reported the highest level of perceived 
risk (S vs. PS: t(545) =  − 4.10, P = 4.76e−05, d = 0.35; S vs. NS: t(1205) =  − 6.38, P = 2.54e−10, d = 0.44; PS vs. 
NS: t(1200) =  − 2.23, P = 0.026, d = 0.15). This belief pattern was also observed in the independent sample 
(Sample 2; Fig. S2), suggesting that current-smokers underestimated the health risk of second-hand smoke 
compared to the other two groups. The two types of perceived risk (i.e., beliefs about the risk of direct and 
second-hand smoking) were positively correlated in never-smokers (Sample 1: r = 0.30, P = 7.41e−21; Sample 
2: r = 0.14, P = 2.22e−05). However, such association was not found in past- and current- smokers across the 
two independent samples (Sample 1: rPS = 0.025, PPS = 0.69, rS =  − 0.095, PS = 0.12; Sample 2: rPS =  − 0.093, 
PPS = 0.15, rS =  − 0.41, PS = 4.50e−15). This stark contrast between the never-smokers and the current- or past- 
smokers suggests that the different beliefs in the health risks of direct vs. second-hand smoke may be part of the 
possible psychological mechanisms that distinguish smokers from non-smokers.

Fig. 1.  Smokers have distinguishable demographic characteristics. Smokers (coded as 1) were distinguishable 
from past- or never- smokers (coded as 0) based on their demographic characteristics. Particularly, smokers 
had a higher proportion of male participants (0 = male, 1 = female), had lower education, and were more liberal 
than conservative in their political attitudes (1 = very liberal, 7 = very conservative). Error bars represent 95% 
confidence interval for each odds ratio. *P < 0.05, **P < 0.01, ***P < 0.001.
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Next, we tested whether the perceived health risks in different domains (i.e., smoking and COVID-19 
pandemic) are consistent within an individual (H1). Considering that a crucial risk factor in the transmission of 
the COVID-19 is interpersonal interaction, we expected that the belief about the corresponding health risk (“How 
likely do you think one may get infected with the coronavirus [COVID-19]?”; Table S1; see “Methods” section 
for the exact measure) to be associated with the belief about the risk of being exposed to second-hand smoke. 
Indeed, reports from past- and non- smokers showed significant positive associations between the perceived 
health risks of second-hand smoking and COVID-19 (PS: r = 0.15, P = 0.015; NS: r = 0.15, P = 7.66e−06; Fig. 2B, 
bottom). However, in smokers, this association did not pass the statistical threshold (r = 0.11, P = 0.061). Given 
the importance of social consequences of one’s action in both smoking and COVID-19, these results suggest 
that, for smokers, beliefs about social impacts of health risking behavior (i.e., second-hand smoke) may not be 
associated with perceived risk of the infectious disease.

Interestingly, in the current-smoker group, the perceived risk of direct smoking was significantly correlated 
with the perceived health risk about the COVID-19 infection (r = 0.24, P = 4.61e−05; Fig. 2B, top), and this 
association was not significantly different from the association measured with perceived risk of second-hand 
smoke (Direct vs. Second-hand using Fisher’s r-to-z transformation; Z = 1.57, P = 0.12). This was not the case 
for past- or never- smokers (Direct PS: r =  − 0.051, P = 0.40; NS: r = 0.019, P = 0.56; Fig. 2B, top), in that the 
association with perceived health risk of the COVID-19 infection was significantly lower for direct compared 
with second-hand smoke (Direct vs. Second-hand PS: Z = 2.32, P = 0.020; NS: Z = 2.76, P = 0.0058). These results 
suggest that smokers’ health risk belief about the COVID-19 is not associated with their concerns about harming 
others’ health by smoking but rather with that about harming their own health.

Corroborating our interpretation, the health risk belief about the COVID-19 infection was significantly 
associated with current- and past- smokers’ perceived health risk of direct smoking, particularly affecting their 
own health (Sample 1: rS = 0.51, PS = 1.60e−19; rPS = 0.26, PPS = 1.06e−05; Sample 2: rS = 0.30, PS = 2.02e−08; 
rPS = 0.37, PPS = 2.88e−09; see “Methods” section for the exact measure). Note that there was no group difference 
in the average ratings on the perceived risk of the COVID-19 infection (Sample 1: F(2, 1475) = 1.34, P = 0.26, 
f = 0.043; Sample 2: F(2, 1502) = 1.22, P = 0.30, f = 0.073; Tables S1,S2). All results regarding group differences 
and belief consistency across domains (direct and second-hand smoke versus the COVID-19) were observed the 

Fig. 2.  Smokers show a distinctive pattern in their beliefs about health risks across the two public-health 
domains. (A) Participants were asked to answer two questions: “How likely do you think people in general 
may get diseases such as lung cancer from direct smoking?” and “How likely do you think people in general 
may get diseases such as lung cancer from second-hand smoke?”. Current- and past- smokers rated the risk of 
direct smoking significantly higher than never-smokers, while there was no significant difference in ratings 
between the two smoker groups. For the health risk of second-hand smoke, current-smokers showed the 
lowest and never-smokers showed the highest ratings. Red, blue, and black colors indicate current-, past- and 
never-smokers, respectively. Error bars represent s.e.m. (B) Perceived health risk of second-hand smoke was 
positively correlated with perceived risk of coronavirus infection in the past- and never- smoker groups. In 
contrast to these two groups, in the current-smoker group, the association between perceived health risks of 
coronavirus infection and that of smoking was more prominent for direct than second-hand smoke. Each point 
represents an individual participant, and the red, blue, and black lines are the regression lines between the 
x- and y-axis measures in current-, past-, and never-smokers, respectively. Gray lines indicate non-significant 
correlations between two variables. †P < 0.01, *P < 0.05, ***P < 0.001.
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same in the Sample 2 (Fig. S2) and remained consistent even after controlling for the demographical covariates 
differentiating smokers from others (FigS. S3, S4).

Together, these results show that individuals’ health risk beliefs are consistent across different public health 
domains. Moreover, unlike past- or never- smokers whose beliefs across public health domains are aligned toward 
concern for others’ health, smokers have biased beliefs about the impacts of smoking, such that individuals’ 
health risk propensities, which are generalized across health domains, are better represented in their concerns 
about harming their own health rather than others’ health.

Individuals’ health risk choices are consistent across two different public health domains
As a main prediction of the current study, we expected individuals’ health risk behaviors would be consistent 
across smoking and COVID-19 (H2). If this is the case, smokers, individuals who chose to smoke despite the 
well-known health risks, would be more apt to violate government-recommended prevention measures intended 
to reduce health-related risks of COVID-19 (e.g., washing hands, wearing face masks; see “Methods” section for 
detailed questions). Indeed, individuals’ smoking status (current-, past-, and never- smokers) was significantly 
associated with their preventive behaviors during the COVID-19 pandemic (F(2, 1475) = 9.34, P = 9.28e−05, 
f = 0.11; Fig. 3A,S5). Specifically, current- and past- smokers showed lower level of compliance compared to 
never-smokers (S: t(1205) =  − 4.00, P = 6.60e−05, d = 0.27; PS: t(1200) =  − 2.44, P = 0.015, d = 0.17). However, 
there was no significant difference in compliance levels between current- and past- smokers (t(545) =  − 1.28, 
P = 0.20, d = 0.11). The group difference results were replicated in the independent sample (Sample 2; Fig. S6A). 
Subsequent regression analyses revealed that, after controlling for the demographical factors associated with 
smokers (Fig. 1), current-smoker status was a significant predictor of lower compliance in Sample 2. In Sample 1, 
current-smoker status showed a similar directional trend, although the effect did not reach statistical significance 
(Fig. S7). These results indicate that in extension to individuals’ beliefs being generalized across health domains, 
their health risk behaviors are consistent across two different public health domains.

In our previous study, we showed that individuals’ beliefs and motives under the COVID-19 pandemic 
are strongly connected42. For example, individuals may not have motives to comply with the recommended 
prevention measures against the COVID-19 if they are less concerned for (i.e., have biased belief) health of the 
public including family, friends, and society as a whole. If such a link translates into other public health domains, 

Fig. 3.  Smokers’ diminished compliance with prevention measures against the COVID-19 is explained by 
their diminished protective motives. (A) Current-smokers complied the least and never-smokers complied 
the most with the government-recommended prevention measures. Past-smokers showed significantly lower 
compliance level compared with never-smokers, while the compliance levels between current- and past- 
smokers were not significantly different. (B) Individuals were asked to report the protective motives (higher 
ratings indicate stronger motives to follow the recommended prevention measures) given their compliance 
with government-recommended prevention measures. Two smoker groups showed significantly lower 
motives to protect public health compared to never-smokers. Error bars represent s.e.m. †P < 0.1, *P < 0.05, 
***P < 0.001. S = current-smoker; PS = past-smoker; NS = never-smoker. (C) Smokers’ diminished preventive 
behaviors were accounted for by their motives to protect public health (i.e., preventing social impacts) (a*b: 
ß =  − 0.029, P = 0.035). Specifically, smokers showed diminished protective motives to comply with prevention 
measures (a: ß =  − 0.061, P = 0.024), and smokers with lower protective motives indeed showed significantly 
lower preventive behaviors (b: ß = 0.47, P < 2e−16). The total effect (c) and the direct path after adjusting for 
the potential mediation effect (c′) were not significant (c: ß =  − 0.035, P = 0.22; c′: ß =  − 0.0064, P = 0.82). Black 
and gray arrows indicate significant and non-significant associations between the components, respectively. 
Red arrow indicates significant mediation effect; *P < 0.05, ***P < 0.001; CI: 95% confidence interval for each of 
the standardized beta estimates.
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we would expect a similar belief-to-motive association in smokers, such that smokers whose perceived health 
risks about smoking were biased toward concerning for themselves than other individuals would also have 
diminished motives to comply with the COVID-19 prevention measures to protect others from being affected 
by the spreading of the disease. To test this hypothesis, we first calculated a composite score for individuals’ 
motives to protect public health in complying with prevention measures (‘Other-regarding protective motive’; 
see “Methods” section for the score definitions). In our data, individuals’ smoking status was indeed significantly 
associated with their protective motives (F(2, 1475) = 11.57, P = 1.03e−05, f = 0.13; Fig. 3B). Specifically, current- 
and past- smokers showed significantly lower protective motives compared to never-smokers (S: t(1205) =  − 4.62, 
P = 4.24e−06, d = 0.32; PS: t(1200) =  − 2.28, P = 0.023, d = 0.16). Current-smokers’ motive ratings were lower 
than that of past-smokers, but the difference was statistically marginal (t(545) =  − 1.88, P = 0.061, d = 0.16). 
These results were consistently replicated in Sample 2 (Fig. S6B). Furthermore, being a smoker still predicted the 
differences in protective motives after controlling for the demographical factors that identify smokers (Fig. S8).

Under the assumption that motives precede individuals’ responses43, we then examined whether individuals’ 
motives mediate the relationship between individuals’ smoking status and the extent to which they violated 
preventive measures (H3). We conducted a mediation analysis where individuals’ smoking status was set as a 
predictor, individuals’ protective motives to comply with prevention measures as a mediator, and individuals’ 
preventive behaviors as an outcome. Demographical factors (i.e., sex, education, and political orientation) were 
entered as covariates of no interest. Our data showed that the indirect path (a*b) was significant (β = − 0.029, 
P = 0.035). On the contrary, the total effect (c) and the direct path after adjusting for the mediation effect of 
individuals’ motives (c’) were not significant (c: β =  − 0.035, P = 0.22; c′: β =  − 0.0064, P = 0.82; Fig.  3C). 
The results from the mediation analyses were largely replicated in Sample 2, while the indirection effect 
was marginally significant (Fig. S6C). Note that, in stark contrast, individuals’ motives to protect their own 
health (‘Self-protective motive’; see “Methods” for the score definitions; Table S1, S2, Fig. S8) did not exhibit 
any significant mediating effects between their smoking status and their diminished preventive behaviors in 
both samples (Fig. S9). Consistent with our observations regarding smokers’ health risk beliefs, these results 
emphasize the significant role of social biases (e.g., diminished motives to protect the health of others) underlying 
smokers’ public health behaviors. Note that, in our additional exploratory analyses where past-smokers and 
current-smokers were categorized together as the ‘ever-smoker’ group, the mediation effect of individuals’ other-
regarding protective motives was only marginally significant in both samples (Fig. S11), after controlling for 
the demographical covariates differentiating ever-smokers from never-smokers (Fig. S10). Together, our data 
suggest that the diminished preventive behaviors of smokers can be accounted for by their lower motives to 
comply with prevention measures to protect public health.

Discussion
The current study investigated whether individuals’ health risk beliefs and behaviors hold consistent across the 
public health domains of smoking and COVID-19 pandemic. Smokers’ beliefs about health risks of noncompliant 
behaviors were also consistent across smoking and COVID-19 domains, but the pattern was distinctive from 
that in past- and non-smokers (H1). In the domain of the COVID-19 pandemic, smokers were more apt to 
violate the government-recommended preventive measures (H2). The association between the smoking status 
and the compliance with the preventive measures of the COVID-19 was mediated by individuals’ motives to 
protect public health (H3). Our data suggest that health risk attitudes may be consistent within an individual, 
and thus, the extent to which one acts regarding a public health issue can be generalized to different domains.

Previously, lack of information (or underestimation)22 regarding the consequence of smoking has been 
considered as one of the major reasons why individuals choose to smoke, and thus, a lot of efforts has been taken 
on smoking cessation campaigns aiming to enhance public health literacy44. However, the effectiveness of such 
tobacco control initiatives in promoting smoking cessation has been controversial across studies45–49. Our data 
provide one possible explanation why there have been mixed results. By delineating perceived health risks of 
direct smoking and second-hand smoke, we found that smokers perceived higher health risks for direct smoking 
than for second-hand smoke and the opposite was the case for past- and never- smokers. These results showed 
that smokers are not ignorant of the health risks associated with smoking, and if there are any biases, such as 
underestimating these risks, they must be closely linked to the social impacts of their health risk behaviors. 
Given the crucial role of individuals’ beliefs in their decision-making processes, such underestimation of social 
consequences may underlie a broader range of behaviors in smokers. For example, smokers may mirror the 
perceived harmlessness of their actions in social environment and view the choices of others as safe to follow. 
We speculate that this may explain why substance users including cigarette smokers are vulnerable to social 
influence—one of the major triggers for early initiation of substance use50–52. Still, the impact of underestimating 
risk may be limited to biasing one’s beliefs regarding their own influence on others, rather than extending to 
making them more likely to accept information from the social environment, and thus, future studies should be 
conducted to directly examine the causal impacts of underestimation of the social risk. Nevertheless, as addiction 
is once noted as “social disease”53, our results once more highlight the importance of understanding potential 
roles of social factors in addiction. Moreover, our results may explain why the classic health education approach 
is not always effective54, while social context provides a better prediction about successful smoking cessation.

Since the outbreak of the recent COVID-19 pandemic, smokers have been particularly warned because 
coronavirus infection is also known to cause respiratory problems and damage one’s lung12, an organ that already 
has been long known to directly get affected by smoking55. Indeed, a large body of studies have already shown 
an association between smoking and heightened mortality rate or rate of hospitalization during COVID-1914–20, 
compared with in never-smokers. Our data expand this view and suggest that diminished behavioral compliance 
with prevention measures constitutes an additional factor that puts smokers at higher risk of COVID-19. Such 
behavioral biases are consistent with previous reports of smokers’ behavioral choice patterns, in various settings 
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ranging from well-controlled laboratory-based experiments to field studies, that smokers take more risks56,57 and 
act more impulsively58–60. These consistent data may inform strategies for recruiting individuals’ cooperation to 
improve public health. Given that individuals’ own preferences affect the extent to which they are influenced 
by external social influence61,62, a direct attempt to nudge at-risk individuals’ actions is not expected to have a 
significant impact. Instead, future studies should examine whether there is a feasible intervention design that 
focuses on adjusting one’s motives (e.g., reinforced prosocial beliefs), which could be an alternative measure to 
improve safety for risk-seeking (or risk-tolerant) individuals.

There are limitations to the current study. First, our data are correlational in nature and therefore do not 
elucidate causal directions of the link between individuals’ beliefs and behavioral health risk choices. For 
example, it is uncertain whether individuals’ smoking habits biased their beliefs regarding the health risks of 
smoking, or if, alternatively, individuals with biased health risk beliefs were more likely to develop a smoking 
habit. We have previously showed that the changes in individuals’ depressive mental states between two time 
points mediate the mismatch between perceived severity of the COVID-19 pandemic and preventive motives42. 
Future studies could explore whether such mechanisms linking beliefs and behavioral choices also generalize 
across different public health domains. Second, it remains unknown whether the malleability of the beliefs and 
behavioral choices in these two public health domains are interconnected. Smoking is notoriously associated 
with a high likelihood of relapse63, and some neural changes linked to prolonged smoking habits have been 
reported to persist even after extended periods of abstinence64. It would be interesting to investigate whether 
tendencies to change in one domain could predict individuals’ sensitivity to interventions targeting a different 
public health domain. Third, the possibility remains that unmeasured variables could explain the association 
between smoking and violations of preventive behaviors. Although our mediation analyses suggest that the 
indirect path through individuals’ other-regarding protective motives significantly accounts for the relationship, 
the association between individuals’ current-smoker status and their preventive behaviors, after controlling for 
smokers’ distinct demographic characteristics, was significant only in Sample 2 but only trending in Sample 1 
(Fig. S8). Given the possibility of unmeasured variables, the model’s interpretation should be made with caution.

When a new public health issue rises, much effort is dedicated to developing new health policies from which 
officials and experts aim to recruit public’s cooperation and minimize the negative consequences induced by 
the issue (e.g., spreading of an infectious disease). Repeated exposure to public health awareness campaigns is 
intended to enhance health literacy65, but on the flip side, it may have an unexpected consequences of triggering 
psychological reactance66 and making individuals pessimistic, anxious, and depressed42,67,68. Here, we show that 
smokers have diminished motives and make different health choices compared to never-smokers for cross-
domain public health issues during the pandemic. Our findings could potentially inform policymaking by 
suggesting that policies can be optimized by taking into account individuals’ different motives and behavioral 
strategies they choose in response to a situation. To sum up, our data highlight that individuals’ beliefs and 
behavioral patterns are generalized across different health risk domains, providing insights into the development 
of domain-independent public health strategies.

Materials and methods
Participants
Two independent samples were collected in cooperation with Invight, a panel-based research agency ​(​​​h​t​t​p​:​/​/​w​w​w​.​i​n​v​i​
g​h​t​.​c​o​.​k​r​​​​​)​. No statistical methods were used to predetermine sample sizes, but our final sample size was set to align with 
those reported in previous publications examining individuals’ compliance with COVID-19 prevention measures42,69. 
To secure sufficient numbers of participants nationally representative for age (20 s including 19, 30 s, 40 s, 50 s, and 
above 60 s), sex (male and female), and areas of residence (eight provinces including geometrically close metropolitan 
cities), we aimed for a final sample size exceeding 1,000. The first dataset (Sample 1) was part of a longitudinal project 
monitoring changes in beliefs about the COVID-19 pandemic, depressive symptoms, and prevention motives in 
South Korea. Anticipating a retention rate of approximately 70%, we initially recruited 1500 participants. Likewise, 
we recruited an independent sample of 1530 participants to ensure comparable sample sizes. The research protocol 
was approved by the Institutional Review Boards of Ulsan National Institute of Science and Technology (UNISTIRB-
20–17-C). All participants provided electronically written informed consent before the survey.

•	 Sample 1 A total of 1500 participants were recruited. Three participants who responded ‘Not applicable’ to all 
questions regarding compliance with prevention measures (questions provided below) were excluded. In ad-
dition, participants who exceeded the three standard deviations in the age of smoking initiation (N = 16) and 
current-smokers who exceeded three standard deviations in the amount of smoking (N = 3) were classified 
as outliers and excluded. After exclusion, all subsequent analyses included data from 1478 participants (male/
female = 754/724, age = 44.54 ± 13.28).

•	 Sample 2 In collaboration with the same panel-based research agency, 1530 participants were recruited (not over-
lapping with the Sample 1). Six participants who reported ‘Not applicable’ to all questions regarding compliance 
with prevention measures. In addition, participants who exceeded the three standard deviations in the age of smok-
ing initiation (N = 16) and current-smokers who exceeded three standard deviations in the amount of smoking 
(N = 3) were excluded. After exclusion, all subsequent analyses included data from 1505 participants (male/fe-
male = 777/728, age = 44.54 ± 13.12).

See Tables S1 and S2 for additional participant characteristics.

General data management and analyses
For all analyses, current-smokers who exceeded three standard deviations in the amount of smoking (N = 3 in 
Sample 1; N = 3 in Sample 2) and participants who exceeded three standard deviations in the age of smoking 
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initiation (N = 16 in Sample 1; N = 16 in Sample 2) were classified as outliers and excluded. In addition, 3 
participants in Sample 1 and 6 participants in Sample 2 who responded ‘Not applicable’ to all questions regarding 
compliance with prevention measures were excluded.

Data among groups were first compared using one-way ANOVA, with post-hoc comparisons performed 
using t-tests. To examine relationships between variables, such as beliefs about the risk of coronavirus infection 
and the risk of second-hand smoke, Pearson’s correlation coefficient was used. Since we aimed to categorized 
individuals’ smoking status in a way that aligned as consistently as possible with the perspective applied to the 
domain of COVID-19 preventive behaviors, we dichotomized individuals’ smoking status into currently smoking 
or not (past- or never- smokers). To identify demographic characteristics that distinguish current-smokers from 
either past- or never- smokers, we conducted a stepwise logistic regression (see “Stepwise regression” section 
for details), using these characteristics as covariates in subsequent analyses. We used robust linear regression 
analyses, including demographic covariates, to investigate the associations between individuals’ beliefs and 
behaviors across smoking and COVID-19. Mediation analyses were conducted to explore whether individuals’ 
motives mediate the relationship between smoking status and the extent of non-compliance with preventive 
measures (see “Mediation analysis” section for details). Effect sizes were calculated using Cohen’s f (small: 0.1, 
medium: 0.25, large: 0.4) and Cohen’s d (small: 0.2, medium: 0.5, large: 0.8)70. All statistical tests were two-tailed 
with an alpha level of 0.05. MATLAB R2019a (MathWorks) was used for all the statistical tests.

Stepwise regression
A series of logistic regressions were performed to identify demographic characteristics that distinguish smokers 
from either past- or never- smokers (Fig.  1). Per a stepwise regression procedure, predictor variables were 
entered and removed based on their significance. All continuous measures were z-scored before being entered 
into the model. The significance level for both entering and removing was set at 0.15 (Alpha-to-Enter and Alpha-
to-Remove). In each step of the analysis, all candidate variables were sequentially included in the model, and 
the p-value for the coefficient of each candidate variable was examined. Variables with a p-value below 0.15 
were considered eligible for inclusion in the model. Among the qualified variables, the one with the smallest 
p-value was selected and included in the model, while the remaining variables were retested for the next step. 
This iterative process continued until no more predictors yield p-values below 0.15, indicating no additional 
significant predictors to include in the model.

Mediation analysis
Mediation analyses were conducted using R package71 to examine whether the diminished compliance with 
prevention measures in smokers is mediated by their protective motives. The analyses included three components 
(a predictor, a mediator, and an outcome) and covariates-of-no-interest that controls for potential confounding 
effects. Each individual’s smoking status was set as a predictor, protective motive was set as a mediator, and 
the compliance level of prevention measures was set as an outcome. Two separate mediation models were 
tested: one for testing the effect of self-protective motive, and the other for testing the effect of other-regarding 
protective motive. Covariates-of-no-interest included the demographical characteristics that were identified to 
dissociate smokers from others (i.e., sex, education, and political orientation). All continuous measures were 
z-scored before being entered into the model. The significance of the effects was estimated using non-parametric 
bootstrapping method with 5,000 bootstrapping samples, and an alpha level of 0.05 was used to determine 
statistical significance.

Survey questions overview
Participants answered a series of questions about their belief, motives, and behavioral choices related to their 
smoking habits (or history) as well as the on-going COVID-19 pandemic. All methods in the current study were 
performed in accordance with the relevant guidelines and regulations. All the survey questions were in Korean 
and accessible online via computers and laptops.

Smoking status
Participants self-reported whether they identify themselves as a current-, past-, or never- smoker. For current- 
and past smokers, we also collected information about their smoking history (amount of smoking, age of 
smoking initiation).

Beliefs about the health risk of smoking
To measure participants’ beliefs regarding the health risk associated with smoking, we asked participants the 
following questions:

•	 How likely do you think people in general may get diseases such as lung cancer from direct smoking?
•	 How likely do you think people in general may get diseases such as lung cancer from second-hand smoke?

For participants who ever-smoked (i.e., current- and past- smokers), we additionally asked the following 
question:

•	 How likely do you think you may get diseases such as lung cancer from direct smoking?

Participants were instructed to indicate their responses in percentage (0% = never, 100% = very likely).
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Beliefs about the health risk of coronavirus infection
To measure participants’ beliefs regarding the health risk of coronavirus infection, we asked participants the 
following questions:

•	 How likely do you think you are to be infected by coronavirus?
•	 How likely do you think your family members are to be infected by coronavirus?
•	 How likely do you think your friends are to be infected by coronavirus?
•	 How likely do you think your neighbors are to be infected by coronavirus?
•	 How likely do you think strangers who live in the same area of residence are to be infected by coronavirus?
•	 How likely do you think strangers who live in a different area of residence are to be infected by coronavirus?

Participants were instructed to provide their responses in percentage (0% = never, 100% = very likely). An 
average of all six ratings was used as a composite measure of each individual’s belief about the general health risk 
of coronavirus infection.

Motives underlying compliance with the government-recommended prevention policies
To examine participants’ motives to comply with the government-recommended prevention measures (as of the 
time of data collection, [April 10–20, 2020]), we asked participants the following nine questions:

I followed the prevention measures against coronavirus recommended by the government because,

	1.	� I am concerned that I may get infected.
	2.	� I am concerned that my family members may get infected.
	3.	� I am concerned that my friends and acquaintances may get infected.
	4.	� I am concerned of broader viral spreading in South Korea.
	5.	� I am concerned that my action may negatively affect the groups which I am part of (e.g., workplace, school, 

or religious group).
	6.	� I am concerned of the pandemic becoming more serious than the current status.
	7.	� I know that anyone can get infected based on the public information.
	8.	� I am afraid of being subject to legal penalties.
	9.	� I am afraid that other people may blame my actions when all information is shared by contact tracing.

Participants were asked to provide their responses in a seven-point Likert scale (1 = definitely not; 7 = definitely). 
For each individual, we created two composite scores; a response to the Item 1 was used to measure an individual’s 
motive to protect her/his own health (‘Self-protective motive’), and an average of Items 2, 3, 4, 5, and 6 was 
defined as a motive to protect the health of the public (‘Other-regarding protective motive’). The responses to the 
last three items were not used in the current study because these items were not designed to capture individuals’ 
concerns toward specific targets (Item 7) or were associated with motives unrelated to health risks (Items 8 and 
9).

Average tendency to carry out preventive behaviors
Participants were asked to self-report their average tendency to engage in preventive behaviors, specified as the 
following eight questions:

For the past two months, even if I did not have any symptoms of sickness,

	1.	� I washed my hands or used hand sanitizer whenever I went to work or came back home.
	2.	� I covered my mouth and nose with sleeves whenever I coughed or sneezed.
	3.	� I did not touch my eyes, nose, or mouth before washing hands.
	4.	� I wore a face mask whenever I visited a medical institution (e.g., hospital, drug stores).
	5.	� I wore a face mask whenever I went out.
	6.	� I refrained myself from visiting crowded places.
	7.	� I avoided meeting people who had symptoms such as high fever or respiratory illness.
	8.	� I refrained myself from going out or visiting other cities.

Participants were asked to provide their responses in a seven-point Likert scale (1 = never; 7 = very frequently). 
In case that any participants did not have a chance to encounter a certain situation, we additionally provided the 
option of ‘Not applicable’. At the time of data collection (April 2020), the South Korean government was putting 
consistent efforts to promote the importance of aforementioned list of preventive behaviors, and therefore most 
of our participants should be familiar with every item. For the regression and mediation analyses (described 
below), a composite score was calculated by averaging responses to all eight questions, except the items that were 
marked as ‘Not applicable’.

Demographic information
Basic demographic information including age, sex, education, income, and political ideology was collected 
from all participants. Participants reported their age and sex in either male or female (0 = male, 1 = female in 
regression analyses). Participants reported their education level following the question below.

•	 What is your education level?
•	 1 = Under middle school
•	 2 = Middle school
•	 3 = High school
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•	 4 = Vocational Colleges Course / Graduation
•	 5 = Undergraduate Course (4-year university)
•	 6 = University Graduation (4-year university)
•	 7 = Graduate School Course

Participants reported their income following the question below.

•	 What is the average monthly income of your household? (If you are not financially independent, please re-
spond based on your parents’ income).

•	 1 = less than 1 million Korean won
•	 2 = 1 million ~ 2 million Korean won
•	 3 = 2 million ~ 3 million Korean won
•	 4 = 3 million ~ 4 million Korean won
•	 5 = 4 million ~ 5 million Korean won
•	 6 = 5 million ~ 6 million Korean won
•	 7 = 6 million ~ 7 million Korean won
•	 8 = 7 million ~ 8 million Korean won
•	 9 = 8 million ~ 9 million Korean won
•	 10 = 9 million ~ 10 million Korean won
•	 11 = more than 10 million Korean won

Political orientation
Participants were asked to report their political ideology in a seven-point scale (1 = very liberal, 4 = moderate, 
7 = very conservative). 

Existence of neighbors or friends who were infected with the coronavirus
Participants were asked to report whether they had neighbors or acquaintances who were or had been infected 
with the coronavirus.

Smoking status and history
Participants were asked to report whether they were current- past, or never- smokers at the time of data 
collection. To assess individuals’ smoking history, we asked participants who claimed themselves to be current- 
or past- smokers to report (1) the number of days they smoked in the last 7 days, (2) average number of cigarettes 
they smoked per day, and (3) age of smoking initiation.

Data availability
The original contributions presented in the study are publicly available. This data can be found here: ​h​t​t​p​s​:​/​/​g​i​t​h​
u​b​.​c​o​m​/​d​o​n​g​i​l​c​h​u​n​g​/​c​o​v​i​d​-​s​m​o​k​e​r​​​​​​

Received: 27 May 2024; Accepted: 28 November 2024

References
	 1.	 Shivalkar, S. et al. Outbreak of COVID-19: a detailed overview and its consequences. Coronavirus Therapeutics–Volume II: Clinical 

Management and Public Health, 23–45 (2022).
	 2.	 Organization, W. H. Overview of public health and social measures in the context of COVID-19: interim guidance. (World Health 

Organization, 2020).
	 3.	 Andrew, S. The psychology behind why some people won’t wear masks. CNN (2020).
	 4.	 Roozenbeek, J. et al. Susceptibility to misinformation about COVID-19 around the world. R. Soc. Open Sci. 7, 201199 (2020).
	 5.	 Finset, A. et al. Effective health communication–a key factor in fighting the COVID-19 pandemic. Patient Educ. Couns. 103, 873 

(2020).
	 6.	 Lancet, T. COVID-19: fighting panic with information. Lancet (London, England) 395, 537 (2020).
	 7.	 Paakkari, L. & Okan, O. COVID-19: Health literacy is an underestimated problem. Lancet Public Health 5, e249–e250 (2020).
	 8.	 Kowitt, S. D. et al. Tobacco quit intentions and behaviors among cigar smokers in the United States in response to COVID-19. Int. 

J. Environ. Res. Public Health 17, 5368 (2020).
	 9.	 Jackson, S. E., Brown, J., Shahab, L., Steptoe, A. & Fancourt, D. COVID-19, smoking and inequalities: a study of 53 002 adults in 

the UK. Tobacco control (2020).
	10.	 Janson, C. The effect of passive smoking on respiratory health in children and adults [state of the art]. Int. J. Tuberc. Lung Dis. 8, 

510–516 (2004).
	11.	 World Health Organization. Smoking and COVID-19: Scientific brief, 30 June 2020, https://apps.who.int/iris/handle/10665/332895 

(2020).
	12.	 World Health Organization. WHO supports people quitting tobacco to reduce their risk of severe COVID-19, ​h​t​t​​​​p​​s​:​​/​​/​w​​w​w​​.​​w​​h​o​​.​i​​n​t​​/​n​​

e​w​s​​​/​i​t​e​​m​​/​2​​8​​-​0​​5​​-​2​0​​​2​1​​-​​w​h​o​​-​s​​u​p​p​o​r​t​s​-​p​e​o​p​l​e​-​q​u​i​t​t​i​n​g​-​t​o​b​a​c​c​o​-​t​o​-​r​e​d​u​c​e​-​t​h​e​i​r​-​r​i​s​k​-​o​f​-​s​e​v​e​r​e​-​c​o​v​i​d​-​1​9​​​​ (2021).
	13.	 Sarich, P. et al. Tobacco smoking changes during the first pre-vaccination phases of the COVID-19 pandemic: A systematic review 

and meta-analysis. EClinicalMedicine (2022).
	14.	 Brake, S. J. et al. Smoking upregulates angiotensin-converting enzyme-2 receptor: a potential adhesion site for novel coronavirus 

SARS-CoV-2 (Covid-19). J. Clin. Med. 2020, 9 (2020).
	15.	 Hopkinson, N. S. et al. Current smoking and COVID-19 risk: Results from a population symptom app in over 2.4 million people. 

Thorax 76, 714–722 (2021).
	16.	 Hou, H. et al. Smoking is independently associated with an increased risk for COVID-19 mortality: A systematic review and meta-

analysis based on adjusted effect estimates. Nicotine & Tobacco Research (2021).
	17.	 Kaur, G., Lungarella, G. & Rahman, I. SARS-CoV-2 COVID-19 susceptibility and lung inflammatory storm by smoking and 

vaping. J. Inflamm. 17, 1–8 (2020).

Scientific Reports |        (2024) 14:30292 10| https://doi.org/10.1038/s41598-024-81898-7

www.nature.com/scientificreports/

https://github.com/dongilchung/covid-smoker
https://github.com/dongilchung/covid-smoker
https://apps.who.int/iris/handle/10665/332895
https://www.who.int/news/item/28-05-2021-who-supports-people-quitting-tobacco-to-reduce-their-risk-of-severe-covid-19
https://www.who.int/news/item/28-05-2021-who-supports-people-quitting-tobacco-to-reduce-their-risk-of-severe-covid-19
http://www.nature.com/scientificreports


	18.	 Patanavanich, R. & Glantz, S. A. Smoking is associated with COVID-19 progression: a meta-analysis. Nicotine Tob. Res. 22, 1653–
1656 (2020).

	19.	 Saadatian-Elahi, M. et al. Tobacco smoking and severity of COVID-19: Experience from a hospital-based prospective cohort study 
in Lyon, France. J. Med. Virol. (2021).

	20.	 Umnuaypornlert, A., Kanchanasurakit, S., Lucero-Prisno, D. E. I. & Saokaew, S. Smoking and risk of negative outcomes among 
COVID-19 patients: A systematic review and meta-analysis. Tob. Induc. Dis. 19, 13 (2021).

	21.	 Hammar, H. & Johansson-Stenman, O. The value of risk-free cigarettes–do smokers underestimate the risk?. Health Econ. 13, 
59–71 (2004).

	22.	 Weinstein, N. D., Marcus, S. E. & Moser, R. P. Smokers’ unrealistic optimism about their risk. Tob. Control 14, 55–59 (2005).
	23.	 Masiero, M., Lucchiari, C. & Pravettoni, G. Personal fable: optimistic bias in cigarette smokers. Int. J. High Risk Behav. Addict. 

4 (2015).
	24.	 Halpern-Felsher, B. L., Biehl, M., Kropp, R. Y. & Rubinstein, M. L. Perceived risks and benefits of smoking: differences among 

adolescents with different smoking experiences and intentions. Prev. Med. 39, 559–567 (2004).
	25.	 Lonergan, B. J. et al. Smokers still underestimate the risks posed by secondhand smoke: a repeated cross-sectional study. Nicotine 

Tob. Res. 16, 1121–1128 (2014).
	26.	 Krosnick, J. A. et al. Perceptions of health risks of cigarette smoking: A new measure reveals widespread misunderstanding. PloS 

one 12, e0182063 (2017).
	27.	 Kaufman, A. R. et al. Measuring cigarette smoking risk perceptions. Nicotine Tob. Res. 22, 1937–1945 (2020).
	28.	 Sutton, S. R. How accurate are smokers’ perceptions of risk?. Health Risk Soc. 1, 223–230 (1999).
	29.	 McCoy, S. B. et al. Perceptions of smoking risk as a function of smoking status. J. Behav. Med. 15, 469–488 (1992).
	30.	 Gallus, S. et al. Why do smokers quit?. Eur. J. Cancer Prev. 22, 96–101 (2013).
	31.	 Gold, A. K. et al. The role of fear of COVID-19 in motivation to quit smoking and reductions in cigarette smoking: A preliminary 

investigation of at-risk cigarette smokers. Cogn. Behav. Therapy 50, 295–304 (2021).
	32.	 Yağar, F. Fear of COVID-19 and its association with health literacy in elderly patients. J. Patient Exp. 8, 23743735211056504 (2021).
	33.	 Brown, C. R. The relationship between COVID-19-specific health risk beliefs and the motivation to quit smoking: A UK-based 

survey. Drug Alcohol Depend. 227, 108981 (2021).
	34.	 Nyman, A. L. et al. Associations between COVID-19 risk perceptions and smoking and quitting behavior among US adults. Addict. 

Behav. Rep. 14, 100394 (2021).
	35.	 Chertok, I. R. A. Perceived risk of infection and smoking behavior change during COVID-19 in Ohio. Public Health Nurs. 37, 

854–862 (2020).
	36.	 Rigotti, N. A. et al. Cigarette smoking and risk perceptions during the COVID-19 pandemic reported by recently hospitalized 

participants in a smoking cessation trial. J. Gener. Intern. Med. 36, 3786–3793 (2021).
	37.	 White, A. M. et al. Perceptions of tobacco product-specific COVID-19 risk and changes in tobacco use behaviors among smokers, 

e-cigarette users, and dual users. Nicotine Tob. Res. 23, 1617–1622 (2021).
	38.	 Jinot, J. & Bayard, S. P. Respiratory health effects of passive smoking: lung cancer and other disorders. Vol. 90 (Office of Health and 

Environmental Assessment, Office of Research, 1992).
	39.	 Öberg, M., Jaakkola, M. S., Woodward, A., Peruga, A. & Prüss-Ustün, A. Worldwide burden of disease from exposure to second-

hand smoke: A retrospective analysis of data from 192 countries. Lancet 377, 139–146 (2011).
	40.	 Rocklöv, J. & Sjödin, H. High population densities catalyse the spread of COVID-19. J. Travel Med. 27, taaa038 (2020).
	41.	 Gunter, R., Szeto, E., Jeong, S.-H., Suh, S. A. & Waters, A. J. Cigarette smoking in South Korea: A narrative review. Korean J. Fam. 

Med. 41, 3 (2020).
	42.	 Park, J., Lee, S., Sul, S. & Chung, D. Depression symptoms mediate mismatch between perceived severity of the COVID-19 

pandemic and preventive motives. Front. Psychol. 12, 650042 (2021).
	43.	 Delgado, M., Stenger, V. & Fiez, J. Motivation-dependent responses in the human caudate nucleus. Cereb. Cortex 14, 1022–1030 

(2004).
	44.	 Peruga, A., López, M. J., Martinez, C. & Fernández, E. Tobacco control policies in the 21st century: Achievements and open 

challenges. Mol. Oncol. 15, 744–752 (2021).
	45.	 Bafunno, D. et al. Tobacco control in Europe: A review of campaign strategies for teenagers and adults. Crit. Rev. Oncol./Hematol. 

138, 139–147 (2019).
	46.	 Bafunno, D. et al. Impact of tobacco control interventions on smoking initiation, cessation, and prevalence: A systematic review. J. 

Thorac. Dis. 12, 3844 (2020).
	47.	 Clifford, J. S., Lu, J., Blondino, C. T., Do, E. K. & Prom-Wormley, E. C. The association between health literacy and tobacco use: 

Results from a nationally representative survey. J. Community Health 47, 63–70 (2022).
	48.	 Mazanov, J. & Byrne, D. Changes in adolescent smoking behaviour and knowledge of health consequences of smoking. Aust. J. 

Psychol. 59, 176–180 (2007).
	49.	 Wilson, L. M. et al. Impact of tobacco control interventions on smoking initiation, cessation, and prevalence: a systematic review. 

J. Environ. Public Health 2012, 1–36 (2012).
	50.	 Allen, J. P., Chango, J., Szwedo, D., Schad, M. & Marston, E. Predictors of susceptibility to peer influence regarding substance use 

in adolescence. Child Dev. 83, 337–350 (2012).
	51.	 Pfeifer, J. H. et al. Entering adolescence: Resistance to peer influence, risky behavior, and neural changes in emotion reactivity. 

Neuron 69, 1029–1036 (2011).
	52.	 Reboussin, B. A., Song, E.-Y. & Wolfson, M. Social influences on the clustering of underage risky drinking and its consequences in 

communities. J. Stud. Alcohol Drugs 73, 890–898 (2012).
	53.	 Peele, S. & Brodsky, A. Addiction is a social disease. (Hazelden Center City, Minnesota, 1977).
	54.	 Varekojis, S. M., Miller, L., Rosita Schiller, M. & Stein, D. Functional health literacy and smoking cessation outcomes. Health Educ. 

111, 464–475 (2011).
	55.	 Ryu, J., Colby, T., Hartman, T. & Vassallo, R. Smoking-related interstitial lung diseases: a concise review. Eur. Respir. J. 17, 122–132 

(2001).
	56.	 Hersch, J. & Viscusi, W. K. Smoking and other risky behaviors. J. Drug Issues 28, 645–661 (1998).
	57.	 Lejuez, C. et al. The balloon analogue risk task (BART) differentiates smokers and nonsmokers. Exp. Clin. Psychopharmacol. 11, 26 

(2003).
	58.	 Bickel, W. K., Odum, A. L. & Madden, G. J. Impulsivity and cigarette smoking: Delay discounting in current, never, and ex-

smokers. Psychopharmacology 146, 447–454 (1999).
	59.	 Bloom, E. L., Matsko, S. V. & Cimino, C. R. The relationship between cigarette smoking and impulsivity: A review of personality, 

behavioral, and neurobiological assessment. Addict. Res. Theory 22, 386–397 (2014).
	60.	 Spillane, N. S., Smith, G. T. & Kahler, C. W. Impulsivity-like traits and smoking behavior in college students. Addict. Behav. 35, 

700–705 (2010).
	61.	 Chung, D., Christopoulos, G. I., King-Casas, B., Ball, S. B. & Chiu, P. H. Social signals of safety and risk confer utility and have 

asymmetric effects on observers’ choices. Nat. Neurosci. 18, 912–916 (2015).
	62.	 Chung, D., Orloff, M. A., Lauharatanahirun, N., Chiu, P. H. & King-Casas, B. Valuation of peers’ safe choices is associated with 

substance-naïveté in adolescents. Proc. Natl. Acad. Sci. 117, 31729–31737 (2020).

Scientific Reports |        (2024) 14:30292 11| https://doi.org/10.1038/s41598-024-81898-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	63.	 García-Rodríguez, O. et al. Probability and predictors of relapse to smoking: Results of the national epidemiologic survey on 
alcohol and related conditions (NESARC). Drug Alcohol Depend. 132, 479–485 (2013).

	64.	 Lee, H. et al. Persistent impacts of smoking on resting-state EEG in male chronic smokers and past-smokers with 20 years of 
abstinence. Sci. Rep. 13, 3907 (2023).

	65.	 Yuan, S. & Chu, H. Vaccine for yourself, your community, or your country? Examining audiences’ response to distance framing of 
COVID-19 vaccine messages. Patient Educ. Couns. 105, 284–289 (2022).

	66.	 Ball, H. & Wozniak, T. R. Why do some Americans resist COVID-19 prevention behavior? An analysis of issue importance, 
message fatigue, and reactance regarding COVID-19 messaging. Health Commun. 37, 1812–1819 (2022).

	67.	 Dorison, C. A. et al. In COVID-19 health messaging, loss framing increases anxiety with little-to-no concomitant benefits: 
Experimental evidence from 84 countries. Affect. Sci. 3, 577–602 (2022).

	68.	 Kim, K. et al. The effects of information-seeking behaviours on prevention behaviours during the COVID-19 pandemic: The 
mediating effects of anxiety and fear in Korea. Epidemiol. Health 43 (2021).

	69.	 Shuster, A. et al. Emotional adaptation during a crisis: decline in anxiety and depression after the initial weeks of COVID-19 in the 
United States. Transl. Psychiatry 11, 435 (2021).

	70.	 Cohen, J. Statistical power analysis for the behavioral sciences. (Routledge, 2013).
	71.	 Tingley, D., Yamamoto, T., Hirose, K., Keele, L. & Imai, K. Mediation: R package for causal mediation analysis. (2014).

Acknowledgements
This work was supported in part by UNIST internal funding (1.240015.01  to D.C.), the National Research 
Foundation of Korea (NRF-2020S1A3A2A02097375 to D.C. and S.S.), the National Institute of Mental Health 
(R01MH133625 and R21MH129898 to V.G.F.; R21MH120789 to X.G.),  and the National Institute on Drug 
Abuse (R01DA043695 and R21DA049243 to X.G.).

Author contributions
Conceptualization: X.G., V.G.F., S.S., and D.C.; Methodology: J.P., S.L., S.S., and D.C.; Formal analysis: J.P. and 
S.L.; Funding acquisition: S.S. and D.C.; Investigation: J.P. and S.L.; Visualization: J.P. and D.C.; Writing—origi-
nal draft: J.P. and D.C.; Writing—review and editing: J.P., S.L., X.G., V.G.F., S.S., D.C.; Supervision: S.S. and D.C.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​4​-​8​1​8​9​8​-​7​​​​​.​​

Correspondence and requests for materials should be addressed to S.S. or D.C.

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-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, 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 you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. 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 ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2024 

Scientific Reports |        (2024) 14:30292 12| https://doi.org/10.1038/s41598-024-81898-7

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-024-81898-7
https://doi.org/10.1038/s41598-024-81898-7
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Motivational and behavioral mechanisms underlying generalized health risking behaviors during the COVID-19 pandemic in smokers
	﻿Results
	﻿Known demographic characteristics of smokers are well represented in the sampled population
	﻿Beliefs about the health risks of smoking are linked with beliefs about the COVID-19
	﻿Individuals’ health risk choices are consistent across two different public health domains

	﻿Discussion
	﻿﻿Materials and methods
	﻿Participants
	﻿General data management and analyses
	﻿﻿Stepwise regression
	﻿﻿Mediation analysis
	﻿Survey questions overview
	﻿Smoking status
	﻿Beliefs about the health risk of smoking
	﻿Beliefs about the health risk of coronavirus infection
	﻿Motives underlying compliance with the government-recommended prevention policies
	﻿Average tendency to carry out preventive behaviors
	﻿Demographic information
	﻿Political orientation
	﻿Existence of neighbors or friends who were infected with the coronavirus
	﻿Smoking status and history


	﻿References


