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Background: In China, people’s perceptions towards electronic cigarettes during Corona Virus Disease 2019 (COVID-19) pandemic compared with pre-pandemic conditions have not been explored. Exploring the perceptions of medical workers regarding e-cigarettes is crucial, as they serve as a trusted source of information and providers of smoking cessation counselling for smokers. This cross-sectional study was designed to explore the awareness and perceptions of e-cigarettes among Chinese medical and other groups in the context of the COVID-19 pandemic.

Methods: A cross-sectional survey was performed using an online, anonymous, and self-administered questionnaire. The questionnaire contained sections for collecting participants’ general information and Likert scale questions regarding smoking status, perceptions of e-smoking, attitude, and willingness to use e-cigarettes. The respondents included medical students, clinical doctors, and other occupations. Data analysis was performed using tools such as descriptive analysis, binary logistic regression, and multivariate regression.

Results: A total of 952 people completed the questionnaire, and 96.54% of them reported to have heard about e-cigarettes. The most common source of information about e-cigarettes was advertising. Notably, 28 of the 116 smokers reported that they had used e-cigarettes. Independent-samples T-tests results showed that medical groups believed e-cigarettes contained tar (p = 0.03). Most of the medical and non-medical participants maintained neutral attitudes towards e-cigarette policies (38.3%) and prices (49.2%) but their views were significantly different (p < 0.001). Multivariate logistic regression indicated that highly educated people had higher knowledge about e-cigarettes relative to those with lower education (undergraduate, OR = 1.848, 95CI% = 1.305–2.616, p = 0.001; master’s degree or doctoral degree, OR = 1.920, 95CI% = 1.230–2.997, p = 0.004). The medical group used fewer e-cigarettes compared to non-medical group (OR = 1.866, 95CI% = 1.185–2.938, p = 0.007), the non-traditional cigarette users showed lower utilization compared to traditional cigarette users (18–40, OR = 4.797, 95CI% = 0.930–24.744, p = 0.061; > 40, OR = 9.794, 95CI% = 1.683–56.989, p = 0.011) and the older adult used fewer than the young (18–40, OR = 4.797, 95CI% = 0.930–24.744, p = 0.061; > 40, OR = 9.794, 95CI% = 1.683–56.989, p = 0.011).

Conclusion: This study found that individuals tend to hold negative attitudes towards the awareness, perceptions, and willingness to use e-cigarettes. Medical groups are less likely to use e-cigarettes, but misperceptions are still prevalent among them. This calls for additional training for such medical personnel to improve their capacity to provide necessary counselling to smokers. E-cigarettes advertisements were the main source of information for young individuals to learn about e-cigarettes, and hence measures should be taken to restrict exposure of young individuals to e-cigarettes.
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Introduction

Electronic cigarettes (e-cigarettes) are made from batteries, atomizers, and combustible liquid (1). E-cigarettes, designed to mimic the appearance and smoking experience of traditional cigarettes without burning tobacco, operate by directly heating a nicotine-containing liquid through battery activation, producing an aerosol for inhalation (2). They are an alternative product to conventional cigarettes and its usage has been increasing in recent years (3). Corona Virus Disease 2019 (COVID-19) is an acute respiratory infection caused by 2019-nCoV infection (later was named SARS-CoV-2 by ICTV on February 11, 2020) (4). Since the World Health Organization declared COVID-19 a global pandemic on March 11th, 2020, there have been numerous changes in various aspects of people’s lives. Consequently, there have been changes in behaviors and perceptions towards e-cigarettes among their users, such as smoking cessation or increased usage due to elevated stress levels (5, 6). Although much research has focused on e-cigarette users, the perception and knowledge of e-cigarettes among non-e-cigarette users during the pandemic have not been explored sufficiently. This calls for further understanding of their perception and knowledge as it is crucial to tobacco control and formulating related policies.

The knowledge levels, reasons for use and access to e-cigarettes have been investigated previously (7–10). Of note, the attitudes towards e-cigarettes among various groups of people during the COVID-19 pandemic have changed in comparison to pre-pandemic times. This investigation can contribute to the refinement and customization of regulatory measures regarding e-cigarettes in the context of the pandemic. To a certain extent, the attitudes, knowledge, and inclination towards tobacco product use within the medical community provide insights into the practical effectiveness of tobacco control in our nation. Studies have shown that doctors provide fewer interventions for e-cigarette users and do not provide sufficient attention to them (11). For medical students, tobacco education is not well accepted due to inadequate training programs in tobacco cessation counselling in medical schools, and the high prevalence of misconceptions about e-cigarettes among them (12–14). Currently, relevant surveys exploring perceptions towards e-cigarettes in the medical group are lacking. During the pandemic, people’s health awareness has been greatly improved and many e-cigarette users have chosen to quit smoking in such circumstances (5, 15). Given that medical professionals are often viewed as authoritative sources of information for smokers, it is important to delve into their perceptions of e-cigarettes.

At present, the Chinese government has implemented certain policies and regulations on e-cigarettes such as regulating the production and sale of e-cigarettes and establishing guidelines for advertising restrictions. However, it is worth noting that the e-cigarette market in China is still evolving, and the effectiveness and enforcement of these policies may vary across different regions. Moreover, there are currently no detailed regulations pertaining the use of e-cigarettes. Against this backdrop, we conducted a cross-sectional survey to evaluate the awareness and receptivity towards e-cigarettes among various groups in China, particularly within the context of the COVID-19 pandemic. Our aim was to gain insights into the challenges and opportunities associated with e-cigarette use in China and uncover potential strategies and policies that could effectively curb e-cigarette use and promote smoking cessation.



Methods


Setting and participants

This was a cross-sectional survey using online questionnaires, conducted from November 2021 to January 2022. The survey was administered to medical students (Undergraduate and graduate), practicing doctors from Chongqing Medical University, and other non-medical professionals. At Chongqing Medical University, all students from every grade and doctors from every department were members of their respective communication groups. To ensure effective distribution of the questionnaire, we reached out to the managers of these groups and requested their assistance in circulating the online questionnaire link among the group members. Participation in the study was voluntary, and potential participants were required to complete all sections of the questionnaire before submission, ensuring a 100% completion rate. To prevent duplicate responses, each individual was restricted to filling out the online questionnaire only once.

The sample size for this study was determined using the Rao soft samplesize calculator.1 With a confidence level of 95%, a margin of error of 5%, and assuming a response distribution of 50%, the recommended sample size was determined to be 377. After exclusion of three age outliers, a total of 952 participants were enrolled. Each participant provided an informed consent form to be enrolled in the study after being informed of the purpose of the study.



Questionnaire design

The survey used a self-administered scale modelled on the World Health Organization’s Global Adult Tobacco Survey (GATS) and the scale of adolescents’ use and attitude towards e-cigarettes (16, 17). The questions were formulated to suit the purpose of the survey. After review by experts, pre-surveys and semi-structured interviews were conducted before the official release of the final questionnaire (n = 96). The reliability and validity of the scale were tested using the pre-survey data, and the final questionnaire was developed after several screening methods (Attached document 1). The questionnaire (Attached document 2) contained questions designed to obtain the following information: participants’ general information (4 questions), smoking status (9 questions), perception of e-smoking (7 questions), attitudes (2 questions) and willingness to use (4 questions), totaling 26 questions.

Participants’ general information (question 1 to 4): The demographic section asked participants about their age, gender, occupation and education background.

Smoking status (question 5 to 13): Most of the questions in this part of the questionnaire were based on GATS. Questions 5 to 8 asked participants about their smoking status and reasons for smoking, and questions 9 to 13 asked participants about the ways they know about e-cigarettes and their use of e-cigarettes, as well as other questions related to e-cigarettes.

Perception of e-smoking (question 14 to 19): The section of “perception” investigates the level of agreement among participants regarding the viewpoints presented in the survey questionnaire. The questions are related to e-cigarette knowledge and the correct answers to all the questions are contrary to the description of the questions, aiming to evaluate their especially among medical professionals level of reserve of knowledge on e-cigarettes to provide tobacco cessation counselling.

Attitude (question 20 to 21): The following questions in Likert scale are subjective and there is no correct answer, which mainly compared the participants’ different attitudes towards e-cigarettes, traditional cigarettes and electronic cigarette related policies.

Willingness (question 22 to 26): Similar to the questions in the “Attitudes” section, these closed-end questions, with no correct answer, were designed to assess the likelihood of respondents using e-cigarettes due to the influence of surrounding smokers.

Most of the questions regarding smoking were answered with closed-ended responses. The Likert scale was applied in questions 14 to 26 of the questionnaire. The score indicated the degree of concurrence with the question, ranging from 1 for “strongly disagree” to 5 for “strongly agree.” The average score of the participants for each item on the scale was used to represent the degree of agreement.



Data analysis

The data from the online survey was first exported to EXCEL and then transferred to IBM SPSS software (version 26.0.0.0) for statistical analysis. To evaluate the internal consistency of the items within the principal components, Cronbach’s alpha was employed (18). The questionnaire’s structural validity was investigated based on the exploratory factor analysis by calculating Kaiser-Meyer-Olkin (KMO) value and Bartlett sphericity test p-value (19), which indicated the feasibility of factor analysis. The rotated component matrix was derived using the maximum variance method. Descriptive analysis was conducted on fundamental demographic information and smoking status. Basic demographic factors were incorporated into the multivariate regression analysis. The Mann–Whitney Test was utilized to compare the scores of different occupations on Likert scale questions. Binary logistic regression was employed to identify the independent factors affecting individuals’ knowledge, attitude, and willingness to use e-cigarettes. Odds ratios (OR) and 95% confidence intervals (95%CI) were calculated at a significance level of p = 0.05.



Ethical considerations

This study did not include any human clinical trials or animal experiments. An anonymous online questionnaire survey was employed which did not involve ethical issues related to human trials. Based on the guidelines of relevant institutions and national laws and regulations, there was no need for approval from the ethics committee.




Result


Construct validity analysis

After conducting exploratory factor analysis, the questionnaire’s KMO value was 0.754 with X2 = 637.8 of the Bartlett sphericity test. A p < 0.001 was obtained which indicated its suitability for factor analysis. Through the maximum variation method, characteristic root factors greater than 1 were identified as common factors. From the 16 scale questions, a total of four common factors were extracted, contributing to a cumulative variance of 64.533%. This indicates that these four factors can elucidate 64.533% of the questionnaire’s content. Therefore, it can be inferred that the four identified common factors effectively encapsulate and elucidate the information from the original variables.



Reliability analysis

The Cronbach’s alpha of each dimension in the scale ranged from 0.659 to 0.856 and the Cronbach’s alpha of the total scale was 0.765, suggesting that the scale had good reliability and high internal consistency across the 16 scale questions.



Data results

A total of 952 participants were enrolled in this study, with the majority (86.60%) aged between 18 and 40. More than half (59.48%) of the participants were female. Moreover, 52.57% of the participants’ occupations were related to medicine. The majority of the participants were undergraduates (56.34%). The basic information of the participants is presented in Table 1.



TABLE 1 Demographics and characteristics of participants.
[image: Table1]

Table 2 displays the smoking habits of the participants. Only 7.02% of the participants were current daily smokers while non-daily smokers accounted for 5.34% of the participants. Within this group, a follow-up question indicated that 37.25% had been daily smokers in the past, whereas 58.82% denied it. The remaining 87.64% of non-smoking participants were asked the third question, which revealed that 95.22% of participants did not have a history of smoking. For smokers, there were several reasons for starting smoking, which includes the influence of smoking around 49 (41.53%), feeling bored and to killing time 39 (33.05%), social needs 48 (40.68%), need to try something new 22 (18.64%), release the pressure 69 (58.47%), and smoking for concentration 5 (4.24%).



TABLE 2 Participants’ smoking habits.
[image: Table2]

Of note, 96.53% of the participants reported having heard of e-cigarettes, while the rest 3.47% of the participants did not complete the questionnaire (Figure 1). The remaining 919 participants were posed with four specific questions. Results revealed that the primary source of information about e-cigarettes for 60.60% of participants was e-cigarette advertising (Figure 2A). It was observed that individuals who had quit smoking, as well as those who still smoked conventional cigarettes, were more inclined to use e-cigarettes (Figure 2B). Additionally, a significant majority (78.00%) believed that e-cigarettes were used to combat smoking addiction and serve as an alternative to traditional cigarettes (Figure 2C). The age group between 20 and 29 was identified as the most likely to use e-cigarettes (Figure 2D).

[image: Figure 1]

FIGURE 1
 Awareness rate of electronic cigarettes.
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FIGURE 2
 Participants’ perceptions of e-cigarettes. (A) Information sources for e-cigarettes. (B) E-cigarette users. (C) The purpose of using e-cigarettes. (D) Common age groups for smoking e-cigarettes.


Table 3 shows the participants’ agreement levels with specific viewpoints. The analysis revealed that 35.6% of the participants strongly disagreed that e-cigarettes are healthier than traditional cigarettes. Almost no one thought that e-cigarettes do not contain tar (2.0%). Furthermore, 38.5% strongly agreed that e-cigarettes would not be addictive. 32.6% of participants were neutral about e-cigarettes as a smoking cessation alternative to traditional cigarettes. It was further showed that 56.5% of participants had an unfavorable opinion about the negative effects of second-hand smoke from e-cigarettes. A notable 42.9% of participants strongly disagreed with the notion of using e-cigarettes indoors. Additionally, there was a lack of strong inclination towards using e-cigarettes, with 41.9% expressing neutrality in response to the statement, “I’d rather use e-cigarettes than traditional cigarettes.” Part of them mainly showed neutral attitude towards e-cigarette policy (38.3%) and price (49.2%). But most participants showed negative attitudes concerning e-cigarette use. The majority (81.1%) strongly indicated that they would not use e-cigarettes in the next 12 months and strongly disagreed with ever having used e-cigarettes. In addition, 75.6% of the respondents strongly indicated that the use of e-cigarettes around them would not make them want to smoke e-cigarettes.



TABLE 3 Participants’ agreement levels of the questions.
[image: Table3]

Table 4 analyzes the differences between medical and non-medical subjects in each item through Mann–Whitney test. There was a statistically significant difference in their perceptions towards the questions that e-cigarettes contain tar and that e-cigarettes are not addictive. Medical and non-medical participants revealed no significant difference in attitudes towards e-cigarettes (p > 0.05), while the usage of e-cigarettes (p < 0.001) varied significantly.



TABLE 4 The scores of awareness, attitude, and willingness to use e-cigarettes in different occupations.
[image: Table4]

The analysis revealed that participants tended to hold negative attitudes towards the cognitive and behavioral problems of e-cigarettes. Participants displayed a preference for e-cigarettes over traditional cigarettes (mean = 2.65). There was a consensus that e-cigarettes contain tar (mean = 3.62). Additionally, participants expressed a positive attitude towards the higher price of e-cigarettes (mean = 3.56). The overall score for e-cigarette use was low, indicating a minimal likelihood of using e-cigarettes in the next 12 months (mean = 1.37). Moreover, participants reported low personal use of e-cigarettes (mean = 1.44), and a limited influence from those around them who use e-cigarettes (mean = 1.48). That is, in the next 12 months, I may use e-cigarettes (mean = 1.37), I have used e-cigarettes (mean = 1.44), and people around me who use e-cigarettes will make me have the impulse to use e-cigarettes (mean = 1.48) (Figure 3).

[image: Figure 3]

FIGURE 3
 Mean of scale questionnaire.


Amount the factors found to be predictors of people’s perception, attitude, and willingness to use e-cigarettes for screening included age, gender, occupation, education background, and smoking status. Multivariate regression analysis showed that (Table 5) education background influences e-cigarette perception; occupation, smoking status and age were independent risk factors influencing the willingness to use e-cigarettes. Highly educated people tended to have higher cognitive level towards e-cigarettes compared with participants with lower education (undergraduate, OR = 1.848, 95CI% = 1.305–2.616, p = 0.001; master’s degree or doctoral degree, OR = 1.920, 95CI% = 1.230–2.997, p = 0.004). The medical group used fewer e-cigarettes relative to the non-medical group (OR = 1.866, 95CI% = 1.185–2.938, p = 0.007), the non-traditional cigarette users used fewer than traditional cigarette users (18–40, OR = 4.797, 95CI% = 0.930–24.744, p = 0.061; > 40, OR = 9.794, 95CI% = 1.683–56.989, p = 0.011) and the older adult used fewer than the young (18–40, OR = 4.797, 95CI% = 0.930–24.744, p = 0.061; > 40, OR = 9.794, 95CI% = 1.683–56.989, p = 0.011).



TABLE 5 Predictors of perception, attitude, and willingness to use e-cigarettes.
[image: Table5]




Discussion

To the best of our knowledge, this is the pioneer investigation into disparities in perceptions, attitudes and willingness to use e-cigarettes in China in the wake of the COVID-19 pandemic. Furthermore, it is the first report to compare perceptions between medical and non-medical groups in China. The survey comprised a substantial sample (n = 952), approximately half of which were current medical students as well as working physicians. The data indicates that individuals over 40 years of age have the highest prevalence of tobacco use. The 18–40 age group also exhibits a significant rate of tobacco use, suggesting that it is prevalent among both younger and middle-aged demographics. More than half of the participants reported that the reason for starting smoking was to relieve stress. In the study by Bennett et al. (6), it was found that the main reason for increased e-cigarette use among young adults during the COVID-19 pandemic was stress management. This suggests that effectively reducing stress and anxiety levels could play a pivotal role in helping individuals reduce their reliance on e-cigarettes and facilitate smoking cessation, especially during and after the COVID-19 period. In our study, 60.60% of respondents reported obtaining information about e-cigarettes through advertisements, and it was observed that young individuals are among the high-frequency users. Elsewhere, Gentzke et al. (20), investigated middle and high school students during the pandemic. They found that 75.7% of students exposed to the Internet, streaming media, convenience stores and other potential sources reported having received product promotion or advertising for tobacco products. Moreover, among students using social media, 73.5% reported receiving e-cigarettes related contents. This phenomenon may be linked to the heightened online presence and exposure of young individuals. Online media tends to showcase e-cigarettes in a more appealing light, making them more susceptible to marketing promotions. It’s worth noting, as pointed out by Brożek et al. (21), that some media advertisements, driven by profit motives, can be misleading by portraying e-cigarettes as safer alternatives to tobacco and effective aids for smoking cessation (which is not supported by evidence). Hence, it is imperative to implement stricter regulations on e-cigarette advertising, with a particular focus on monitoring online media discussions related to e-cigarettes. Several studies have reported the COVID-19 pandemic has had a positive impact on smoking cessation: smokers’ motivation to quit has increased in the context of the pandemic (22–24). Nearly half (46.50%) of the participants in this study reported that the prevalent use of e-cigarettes is among ex-smokers and that traditional smokers are more likely to express willingness to use e-cigarettes compared to non-traditional smokers. Therefore, smokers’ resolve to smoking cessation will influence their usage of e-cigarettes. It has been noted that both conventional tobacco smokers and e-cigarette users view e-cigarettes as less harmful and addictive. Using e-cigarettes as a method to quit smoking may face challenges due to the possibility of continued e-cigarette use, potentially resulting in dual smoking if complete cessation is not achieved (14, 25, 26). Presently, there is a lack of robust evidence to strongly support the effectiveness of e-cigarettes as a smoking cessation aid. Therefore, it is imperative to ensure adequate and appropriate support for cessation, particularly in light of a potential increase in individuals seeking to quit smoking during and after the COVID-19 pandemic. This can be achieved by expanding the availability of cessation clinics and enhancing counselling and educational resources on smoking cessation provided by healthcare professionals. The majority of participants (96.54%) reported having heard of e-cigarettes, indicating a high level of awareness about e-cigarettes. The results of the questionnaire showed that the medical group have a lower level of willingness to use e-cigarettes relative to the group of non-medical professionals. It is apparent that individuals in the medical field, including both students and experienced doctors, tend to be more aware of the harmful and addictive nature of e-cigarettes, possibly due to their exposure to comprehensive information through medical education and clinical practice (14). However, despite their medical background, the survey results revealed that participants, in general, held misconceptions about e-cigarettes. This highlights the need for further education and clarification on this topic, even within the medical community. For example, participants generally agreed that e-cigarettes contain tar, and the medical group tended to be strongly hold this view, which indicates that the medical group still holds misconceptions about e-cigarettes and lacks knowledge base about them. This phenomenon should be taken seriously considering that numerous e-cigarette users attempt to quit smoking during and after the pandemic (5, 15) and the medical group is the primary provider of smoking cessation counselling and is the most reliable source of information for smokers. Therefore, they should have a more in-depth understanding of smoking cessation to offer better counselling to their patients on quitting smoking. A national survey conducted on medical schools in the United Kingdom concluded that on-campus medical students were not fully trained to offer smoking cessation counselling (12). Similarly, Chinese medical schools lack the appropriate curricula, and students were not adequately prepared to provide cessation counselling (27). Considering medical students are expected to become an important group to provide smoking cessation counselling, further training in smoking cessation counselling is required in medical schools to enhance their competency.

Highly educated individuals possess a more accurate overall understanding of e-cigarettes compared to those with less education. It’s clear that individuals with advanced degrees, which require more years of study, are likely to receive more extensive education, possibly including information about e-cigarettes. However, it’s important to note that participants, including those in the medical group, did not strongly express attitudes towards the costs and policies associated with e-cigarettes. This trend remained consistent across all survey groups, indicating a consistent response regardless of educational background. They did not understand the cost of e-cigarettes and were not clear about the correctness of raising the legal age of e-cigarettes, probably due to their low-level awareness of e-cigarettes. In the context of the pandemic, some smokers opted for e-cigarettes because of their convenience and lower cost (28), and which increased the e-cigarette usage, such as through increasing taxes, may serve as an efficient way to suppress the prevalence of e-cigarette use and promote smoking cessation.

This study has some limitations. Our study employed an online questionnaire, which inherently carries the risk of introducing certain biases. While anonymity was guaranteed and the questionnaire was meticulously designed to mitigate social desirability and measurement biases, the lack of direct interaction might have still impacted participant responses. We recommend future research supplementing online surveys with offline investigation. Despite utilizing a Likert scale and implementing stringent quality control measures, we acknowledge the possibility of residual bias. Specifically, the digital divide may have led to the underrepresentation of certain groups, which could affect the generalizability of our findings. For those working in healthcare whose specialties we did not specifically investigate, respiratory physicians may be more familiar with e-cigarettes. Therefore, whether there are differences between medical specialties requires further investigation. To enhance the survey’s ease, we refrained from assessing the knowledge, attitude, and willingness to use e-cigarettes of medical students before they commenced their studies and graduates before they embarked on their careers. Hence, it is plausible that they might have gained adequate education on this subject earlier, leading to differing perspectives on e-cigarettes. It is our hope that future studies take this into account. Moreover, we did not thoroughly explore the sequence in which individuals were initially introduced to traditional cigarettes and e-cigarettes. Clarifying this aspect may shed light on the true role of e-cigarettes in smoking behavior.



Conclusion

The present study shows that individuals tend to hold negative attitudes towards the awareness, perceptions, and willingness to use e-cigarettes. Attitudes towards e-cigarettes were not significantly different between medical and non-medical participants. The medical groups were less likely to use e-cigarettes, but misperceptions about e-cigarettes were prevalent. The medical group requires comprehensive training on smoking cessation counselling in the future to prepare for the possible increase in counselling and proper guidance of smokers who are willing to quit after the COVID-19 pandemic. E-cigarettes advertisements are the main sources of information about e-cigarettes to young individuals, and more measures should be taken to restrict e-cigarette advertising and monitor online relevant media discourse. Our study suggests that e-cigarette users may experience increased stress during the COVID-19 pandemic. Further studies are warranted to explore whether targeted stress management strategies could benefit e-cigarette users during times of public health crises.
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