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Tobacco dependence affects 
determinants related to quitting 
intention and behaviour
Haoxiang Lin, Meijun Chen, Qingping Yun, Lanchao Zhang & Chun Chang*

This study uses protection motivation theory (PMT) to examine the quitting intentions and behaviours 
of smokers who have varying levels of nicotine dependence. Our goals are to identify the psychological 
factors that influence smoking cessation and to provide valuable evidence to promote theory-
guided interventions. This is a cross-sectional study that was conducted from July to August 2020. 
Participants were randomly selected on the streets of 26 provinces on mainland China. Data were 
collected via face-to-face interviews. Our analysis was conducted in three steps. First, we employed 
descriptive statistics to present the overall characteristics of our sample. Second, we analysed the 
association between PMT constructs and quitting intentions stratified by nicotine dependence. Third, 
we tested how quitting intentions were associated with quitting behaviours in each subgroup using 
logistic regression models. For intention, almost all the PMT constructs were significantly associated 
with quitting intention in the low-dependence group. For the moderate- and high-dependence 
groups, only perceived vulnerability (coefficient = 0.35, P = 0.04) was positively associated with 
quitting intention. For behaviour, we found a stronger association between quitting intention and 
behaviour in the low-dependence group (Coef. = 1.67, P = 0.00) than for the other groups. We found a 
significant association between e-cigarette use and quitting behaviour only in the low-dependence 
group (Coef. = 1.34, P = 0.00). Coefficients for the moderate- and high-dependence groups were not 
statistically significant. Smokers at various levels of nicotine dependence have different psychological 
factors that influence their intentions to stop smoking. Quitting intention was more significantly 
associated with quitting behaviour for the low nicotine-dependence group than for the other groups. 
More convincing research is necessary to determine how e-cigarette use affects quitting behaviour in 
the long term.

In recent years, China has taken some important steps toward reducing tobacco use. However, studies have 
found that efforts have met with limited success in the past decade. According to the China Adult Tobacco Sur-
vey (CATS), the smoking prevalence for males was 52.9% in 2010, 52.1% in 2015 and 50.5% in 2018, while the 
prevalence for females was 2.4% in 2010, 2.7% in 2015 and 2.1% in 20181–3. One of the reasons for this continued 
high prevalence of smoking is the low quitting intentions of current smokers (only 5.6% smokers report wanting 
to stop smoking within a month)3. Quitting intentions are a strong predictor of attempts to quit, and attempts 
to quit are a strong predictor of successful smoking cessation; this, in turn, works in conjunction with quitting 
intention to contribute to long-term abstinence4. Therefore, it is critically meaningful to understand the factors 
that are associated with quitting intention and behaviours to help smokers stop smoking. In this study, quitting 
intention refers to the desire to stop smoking. Quitting behaviours refer to the actual attempt to stop smoking. We 
provide more specific information on how to measure quitting intention and behaviour in the Methods section.

A large number of studies have shown that many factors can potentially influence the intention to stop smok-
ing, but most previous studies focused only on socioeconomic and demographic factors5–8. Psychological factors, 
such as threat appraisal and coping appraisal pathways of smoking behaviour that might suggest interventions, 
remain understudied. In addition, when assessing quitting behaviour-related factors, few studies are grounded in 
or guided by specific health behaviour theory, such as the health belief model, the theory of planned behaviour, 
the elaboration likelihood model, and social cognitive theory. As a result, the issue of how to effectively integrate 
the identified factors into theory-based smoking cessation strategies is almost untouched by researchers.

Many past studies have taken tobacco dependence and other psychological measures as same-level factors9,10. 
However, an increasing number of studies have found that nicotine dependence is the most consistent and 
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significant variable associated with quitting attempts and that it can also influence other psychological 
factors5,11,12. Thus, it is important to conduct further research based on different tobacco dependence statuses.

Evidence prior to this study.  In the previous year, psychological factors related to quitting activities 
have received some attention. Li et al. used International Tobacco Control (ITC) China Survey data and found 
that higher quitting self-efficacy and more immediate intentions to quit are independent predictors of quitting 
attempts9. A clinical study found that those who have fewer past failed attempts to quit and believe that it is not 
too late to quit are more likely to consider quitting10. Other researchers have found that higher perceptions of 
severity and vulnerability to smoking-related diseases are associated with higher odds of quitting attempts13. A 
cohort study from six European countries found that a lower level of perceived addiction and health concerns 
and setting a good example for children are among the most important predictors of smoking cessation14.

With regard to nicotine dependence, the association with quitting intentions and quitting attempts is well 
established. On the one hand, studies have found that high nicotine dependence is associated with failure to 
quit attempts12,15. Attempts to quit are significantly associated with low nicotine dependence (AOR = 5.85, CI 
2.85–12.00)16. On the other hand, nicotine dependence is negatively related to intentions to quit17. Tobacco users 
with a high Fagerstrom test for nicotine dependence (FTND) score are 1.83 and 3.30 times less likely to intend 
to quit18. In addition, other researchers have found that nicotine dependence not only has a direct impact on 
quitting attempts but also has a joint influence on quitting intention to moderate the effect of quitting attempts 
among Dutch students19. Therefore, we believe that nicotine dependence may affect the relationship between 
quitting intention and quitting attempt among Chinese adults.

Theoretical framework.  Protection motivation theory (PMT) is a famous theory of behaviour change20. 
The basic idea behind this theory is that prevention behaviour is driven by an evaluation of the risk and coping 
response21. As shown in Fig. 1, PMT has seven elements: perceived severity, perceived susceptibility, intrinsic 
and extrinsic rewards, response efficacy, self-efficacy and response costs. Threat appraisal is one dimension and 
serves as an evaluation of maladaptive behaviours. Stronger motivation for a specific health behaviour (such as 
quitting intention) can be expected if the perceived severity and vulnerability are high and the rewards are low.

Coping appraisal is also a potential pathway for ‘protection motivation’ and serves as an evaluation of a per-
son’s ability to manage and avoid the threat. Response efficacy and self-efficacy are expected to enhance protection 
motivation, whereas response costs are expected to reduce motivation22–24.

Among the major theories currently used in the field of addiction, PMT may be particularly well suited for 
understanding smoking behaviour. It has been widely used in the West as a framework for researchers to investi-
gate smoking behaviour because its threat and coping appraisal pathways are particularly useful in explaining why 
people engage in risky behaviour25. The balance between such pathways involves comparing not only perceived 
threats of smoking but also perceived rewards of smoking and perceived response costs of smoking cessation. 
Thus, it is particularly useful to explain why people decide to become smokers, despite the well-known health 
risks of smoking. Some studies have been conducted among adolescents based on constructs of PMT, such as 
that by Johannes et al., who found that only one part of PMT (self-efficacy) has predictive validity regarding 
adolescents’ smoking intentions and related behaviours26. Karen et al. found that two of seven PMT factors are 
significantly correlated with smoking intention among adolescents27.

As mentioned, assessing quitting behaviour by health theory can provide a more comprehensive evaluation 
framework of influential psychological variables and thus provide valuable evidence for further smoking cessation 
interventions. One meta-analysis, which analysed six studies based on PMT and smoking cessation, concluded 
that coping appraisal variables show stronger effects regarding the prevention of smoking and smoking cessation 
than threat appraisal variables28. Other researchers have found that perceived rewards of tobacco use, especially 
intrinsic rewards, are consistently positively related to smoking intentions and behaviour27–29.

Figure 1.   Protection motivation theory framework.
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Hypotheses
In this study, we use PMT to examine the psychological-level determinants of quitting intention and behav-
iour related to varying levels of nicotine dependence, with the goal of providing valuable evidence to promote 
theory-guided cessation interventions. First, we want to assess how well the different constructs of this theory are 
associated with quitting intention and how this relationship varies across smokers who have different nicotine 
dependence levels. Then, we examine how quitting intention and other identified factors are associated with 
actual quitting behaviour.

Based on the available literature, we hypothesize the following. (1) Smokers with different nicotine depend-
ence levels have different psychological determinants of quitting intention. (2) Among participants who have 
various levels of nicotine dependence, there will be a difference in the relationship between quitting intention 
and behaviour.

This paper extends prior research along two dimensions. First, to the best of our knowledge, this is the first 
study to evaluate the association between quitting intention and its psychological determinants, especially in 
relation to nicotine dependence, in the context of behavioural change theory. Second, many studies have left 
the relation between psychological determinants and actual behaviour untested because it is often difficult or 
even impossible to measure effects on behaviour. We recognize that intentions are important, but measuring 
the intention alone provides only a partial picture. Thus, we test psychological determinants and the target 
behaviour simultaneously.

Methods
Study population and procedure.  This is a cross-sectional study that was conducted from July to August 
2020. The School of Public Health at Peking University Health Science Centre sent investigators to 26 provinces 
on mainland China. Participants were randomly selected on the street in large business districts and residential 
areas in urban regions. Data were collected via face-to-face interviews. Participants took approximately 10 min 
to complete all the assessments. We did not provide any incentives for participation. Adult daily smokers who 
had smoked for more than one year and had lived in the city ≥ 5 years were considered eligible for participation. 
The questionnaires were designed by Peking University and consisted of 50 items assessing demographic and 
sociological information, smoking and quitting information, individual health literacy and lifestyle information 
and aspects related to PMT.

Ethical considerations.  The study protocol was approved by the ethics commission of Peking University 
Health Science Centre (Ethical approval number: IRB00001052-18055). All methods were performed in accord-
ance with the ethical guidelines and regulations. Informed consent was obtained. All participants were informed 
that the statistical analyses would be conducted anonymously and that their information would be used for 
research purposes and published.

We state that there are no conflicts of interest.

Measurements.  The measurement of quitting intentions and behaviour.  Quitting intentions were meas-
ured by the transtheoretical model (TTM). In the survey, participants were asked, “Are you going to quit smok-
ing? A: yes, within a month, B: yes, within 6 months, C: yes, but not within 6 months, D: no plan for quitting.” 
The participants who chose A or B were classified as having quitting intentions. The reason is that according to 
the TTM, if a smoker does not want to quit within 6 months, he or she is classified as being in the precontempla-
tion stage30. Quitting behaviour was measured by the following question. The respondents were asked, ‘Have you 
tried to quit smoking this year? A: Yes, B: No’.

The measurement of nicotine dependence.  The Fagerstrom Test for Nicotine Dependence is a 6-item 
scale that measures physical dependence on nicotine31. In the survey, the participants were asked ‘(1) How soon 
after you wake up do you smoke your first cigarette? (2) Do you find it difficult to refrain from smoking in places 
where it is forbidden? (3) Which cigarette would you hate most to give up? (4) How many cigarettes per day do 
you smoke? (5) Do you smoke more frequently during the first hours after waking than during the rest of the 
day? (6) Do you smoke if you are so ill that you are in bed most of the day?’ Each answer was coded from 0 to 3. 
Scores on the test ranged from 0 to 10 (0–3 indicated low nicotine dependence; 4–6 indicated moderate depend-
ence; and ≥ 7 indicated high dependence)32.

The measurements of PMT constructs.  PMT constructs were assessed using the PMT scale, which 
was based on the work of Xu et al.30. We also improved and adjusted some of the questions to make them fit for 
measures of quitting intention. Specifically, the scale comprised 21 items using a 7-point Likert-type scale with 
responses ranging from 1 (definitely disagree) to 7 (definitely agree). Each construct subscale includes three 
items, and we computed the mean as the subscale score. We have published the details of this scale and evalua-
tion process elsewhere4.

Perceived severity was measured by the following: ‘The earlier a person starts smoking, the greater the harm’, 
‘More smokers get sick than nonsmokers’, and ‘Smokers die earlier than nonsmokers’. Perceived vulnerability 
was measured by: ‘I would become addicted if I smoked’, ‘I would get sick if I smoked’, and ‘If I smoked, I may 
die earlier’. Intrinsic rewards were measured by: ‘Smoking makes people feel comfortable’, ‘Smoking helps people 
concentrate’, and ‘Smoking enhances brainwork’. Extrinsic rewards were measured by: ‘Smokers look cool and 
fashionable’, ‘Smoking is good for social networking’, and ‘The life of a smoker is happier than that of a non-
smoker’. Self-efficacy was measured by: ‘I am confident that I can quit smoking successfully’, ‘I have the ability 
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to stop smoking’, and ‘I think stopping smoking is easy for me’. Response efficacy was measured by: ‘People will 
feel good if they do not smoke’, ‘People will be less likely to get sick if they do not smoke’, and ‘Quitting smoking 
is good for disease recovery’. Response cost was measured by: ‘A person may be isolated if he or she stops smok-
ing’, ‘Refusing a cigarette offer is very impolite’, and ‘One will miss the enjoyment if he or she quits smoking’.

Other variables.  We also collected several variables of individual characteristics and sociodemographic 
information, including sex, age, marital status, ethnicity, education, yearly income, and chronic diseases. Chronic 
disease was assessed by the question: “Do you have medical institution-confirmed chronic diseases? Yes or No?” 
Life satisfaction was assessed by the question: “Are you satisfied with your current life? Yes or No?” Alcohol use 
was assessed by the question, “How often do you drink alcohol?” The response options were A: everyday, B: 
always C: sometimes, D: I never drink alcohol. These four groups were collapsed into two groups of nondrink-
ers (D) and drinkers (A or B or C) and jobs. Furthermore, we assessed smoking status, including the number 
of cigarettes per day and e-cigarette usage. E-cigarette usage was assessed by the question: “Do you currently 
use e-cigarettes? Yes or No”, and smoking cessation information (i.e., quitting attempts and quitting methods).

Data analysis.  Our data analysis was conducted in three steps. First, we employed descriptive statistics to 
present the overall characteristics of our sample. Second, we analysed the association between PMT constructs 
and quitting intention stratified by nicotine dependence. Third, we examined how quitting intention was associ-
ated with quitting behaviour in each subgroup.

Step 1: Categorical variables were presented as counts and percentages. Comparisons of PMT construct scores 
between different groups were performed.

Step 2: Binary logistic regression models were used to test the association between seven PMT constructs 
and quitting intention. All the samples were classified as low nicotine dependence, moderate dependence and 
high dependence.

Step 3: To examine intention and behaviour simultaneously, we used binary logistic regression models to 
examine how intention was associated with actual behaviour in each nicotine dependence group. The depend-
ent variable was quitting behaviour. The explanatory variables were quitting intention, e-cigarette use and other 
control variables. We also stratified our sample by nicotine dependence. Univariate and multivariate analyses 
were performed.

We chose appropriate demographic covariates by correlation > 0.30 with both independent and outcome 
variables. We controlled for sex, education attainment, and alcohol consumption in all the models.

These analyses were performed with SPSS V.11.0 (SPSS, Chicago, Illinois, USA).

Ethics approval and consent to participate.  This study was approved by the Peking University. 
Informed consent has been obtained.

Results
Descriptive statistics.  We approached 738 smokers. After screening, 613 were identified as eligible for 
interviews. The participants were from 26 provinces on mainland China. Table 1 shows the descriptive statistics 
for the overall sample. The mean age of the study population was 37.95 ± 14.31 (mean values and SD). Males 
accounted for 91.7 percent of the sample (n = 562). A total of 297 (48.5%) study subjects wanted to quit tobacco. 
The majority of the people had low nicotine dependence (70.0%).

Table 2 shows the subscale score of PMT. Moderate and high-dependence smokers had lower mean scores 
(SD) of perceived severity of smoking-related diseases, self-efficacy and response efficacy of quitting and higher 
mean scores (SDs) of intrinsic and extrinsic rewards of smoking and response costs of quitting.

The association between seven PMT constructs and quitting intention.  The association between 
the seven PMT constructs and quitting intention was different depending on nicotine dependence level (Table 3). 
For the low-dependence group, almost all the PMT constructs were significantly associated with quitting inten-
tion. Stronger intentions were significantly associated with higher perceived severity (coefficient = 0.27, P = 0.00), 
vulnerability (coefficient = 0.19, P = 0.04), self-efficacy (coefficient = 0.17, P = 0.01), and response efficacy (coef-
ficient = 0.22, P = 0.03) but were inversely associated with intrinsic rewards (coefficient = -0.19, P = 0.02).

For the moderate- and high-dependence groups, only perceived vulnerability (coefficient = 0.35, P = 0.04) 
was positively associated with quitting intention.

To examine the role of tobacco dependence directly, we replaced the dependent variable (PMT variables) with 
FTND scores and other control variables. The coefficient of FTND scores was -0.08 (P = 0.03), which suggests 
that quitting intention is negatively associated with tobacco dependence.

The role of quitting intention to behaviour.  To evaluate the effect of quitting intention on behaviour, 
we changed the dependent variable to quitting behaviour and accounted for tobacco dependence, e-cigarette use 
and demographic factors. The results are shown in Table 4. It is worth noting that we found a stronger association 
between quitting intention and behaviour in the low-dependence group (Coef. = 1.67, P = 0.00) than in the other 
groups. A similar pattern can be observed for the association between e-cigarette use and quitting behaviour. 
We only found a significant association between e-cigarette use and quitting behaviour in the low-dependence 
group (Coef. = 1.34, P = 0.00). The coefficients of the moderate- and high-dependence groups were not statisti-
cally significant.
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The estimated R2 indicated that these models accounted for 19–24% of the variance in quitting intentions or 
behaviours. In addition, with all the model fit tests being significant, we believe the overall picture is meaningful.

Discussion
This study joins the debate in recent years on the determinates related to smoking cessation and provides evidence 
from a more general perspective. These Chinese data provide a comprehensive picture of how PMT variables 
are associated with quitting intention and how intention affects quitting behaviour for smokers with different 
levels of nicotine dependencies. The study provides new and potentially important information. It successfully 
shows that the relationship between PMT variables and quitting intention is substantially impacted by nicotine 
dependence level. In other words, smokers with varying degrees of nicotine dependence have different psycho-
logical determinants of quitting intention (first hypothesis).

Table 1.   Descriptive statistics for the overall sample.

Demographics n/%

Age

18–29 240 (39.2)

30–39 86 (14.0)

40–49 133 (21.7)

50 and above 154 (25.1)

Mean (SD) 37.95 (14.31)

Sex

Male 562 (91.7)

Female 51 (8.3)

Ethnicity

Han 544 (88.7)

Other 69 (11.3)

Marriage

Single 230 (37.5)

Married 359 (58.6)

Divorced or widowed 24 (3.9)

Educational attainment

Master/above 41 (6.7)

Bachelor 319 (52.0)

High school 129 (21.0)

Middle school 79 (12.9)

Primary school/lower 45 (7.3)

Number of cigarettes per week

1–50 287 (46.8)

51–100 125 (20.4)

101–150 163 (26.6)

 > 150 38 (6.2)

Mean (SD) 74.86 (90.48)

Have quitting intention

Yes 297 (48.5)

No 316 (51.5)

Quitting behaviour

Yes 112 (18.3)

No 501 (81.7)

Nicotine dependence

Low 429 (70.0)

Moderate 148 (24.1)

High 36 (5.9)

Have chronic disease

Yes 104 (17.0)

No 509 (83.0)

Total 613
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The results of the present study showed that most PMT variables were significantly associated with protection 
motivation for low nicotine-dependent smokers. However, consistent with other studies, not all PMT measures 
had the same strength in predicting quitting intention28,33. A previous meta-analysis showed that coping appraisal 
variables, especially self-efficacy, are the strongest predictors of protection motivation and behaviour26. Notably, 
almost none of these factors can promote smoking intention for high-dependence smokers. These findings 
highlight the necessity of accounting for smokers’ nicotine dependence levels when designing smoking cessation 
interventions. The findings could also encourage policymakers and health practitioners to implement tailored 
behavioural interventions and thus contribute to achieving better smoking-reduction outcomes.

It is worth noting that actual quitting behaviour is affected by quitting intention, tobacco dependence and 
e-cigarette usage. However, quitting intention is more significantly associated with quitting behaviour only for 
the low dependence group (second hypothesis). This finding is consistent with previous research showing that 
greater nicotine dependence is associated with weaker motivation to quit smoking and lower abstinence rates. 
While we recognize that intentions are important, as they ‘get the ball rolling’31, these findings indicate that the 
association between quitting intention and behaviour is influenced by nicotine dependence level. Given that 
many highly nicotine-dependent smokers may have difficulty pursuing abstinence depending on motivation 
intervention alone, our study calls for the promotion of accessible and affordable intensive smoking cessation 
interventions or smoking cessation medications for this population. Our previous study found that the limited 

Table 2.   Item score of the PMT.

Item and primary subconstructs

Mean (SD)

Low dependence Moderate and high dependence

Perceived severity 5.59 (1.44) 5.23 (1.74 )

Perceived vulnerability 4.74 (1.49) 5.11 (1.49)

Intrinsic rewards 4.81 (1.56) 5.44 (1.43)

Extrinsic rewards 3.54 (1.37) 3.57 (1.48)

Self-efficacy 4.42 (1.82) 3.36 (1.84)

Response efficacy 4.96 (1.30) 4.64 (1.44)

Response cost 3.41 (1.57) 3.84 (1.63)

Table 3.   Logistic regression models of the quitting intention regressed on the PMT variables by tobacco 
dependence. We controlled for sex, education attainment, alcohol drinking in all the models. *p < 0.05.

Quitting intention

Low dependence
Moderate and high 
dependence

Coefficient P value Coefficient P value

Severity 0.27* 0.00 − 0.17 0.84

Vulnerability 0.19* 0.04 0.35* 0.04

Intrinsic rewards − 0.19* 0.02 − 0.27 0.05

Extrinsic rewards 0.02 0.84 0.05 0.76

Self-efficacy 0.17* 0.01 0.04 0.72

Response efficacy 0.22* 0.03 0.19 0.21

Response cost − 0.13 0.14 − 0.25 0.07

R2 0.23 0.24

Table 4.   Logistic regression models of the quitting behaviour regressed on quitting intention and e-cigarette 
use by tobacco dependence. We controlled for sex, education attainment, alcohol drinking in all the models. 
*p < 0.05.

Quitting behaviour

Low dependence (coefficient and P value)
Moderate and high dependence 
(coefficient and P value)

Univariate Multivariate Univariate Multivariate

Quitting intention 1.61*(0.00) 1.67*(0.00) 1.51*(0.00) 1.47*(0.00)

E-cigarette use 1.10*(0.00) 1.34*(0.00) 0.56(0.16) 0.54(0.21)

R2 0.21 0.19
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use of smoking cessation medications in China is a problem. The main barrier to accessing these medications is 
their cost. An obvious remedy would be to add them to the essential drugs list so that the cost would be largely 
reimbursable, but this is not currently under consideration by the Chinese government34.

Importantly, the relationship between e-cigarette use and quitting attempts is substantially impacted by nico-
tine dependence level. Although previous work argues that e-cigarettes may be valuable as a smoking cessation 
approach35, the current findings only support this to some extent. In particular, we did not identify an associa-
tion between e-cigarette use and positive quitting attempts in moderate- and high-dependence smokers. On the 
other hand, among those with very low nicotine dependence, we observed an association between e-cigarette use 
and more positive quitting attempts. However, since the safety and long-term outcomes of e-cigarettes are still 
uncertain and because we used a cross-sectional design, caution should be used when interpreting these results.

Our study has several limitations. First, we used only cross-sectional data for this estimation. As a result, we 
cannot infer a causal relationship. Second, all the information we collected was based on self-report without 
verification, and the respondents’ interpretations of some questions might vary. Third, these analyses are limited 
by the available variables, especially regarding e-cigarette use. In particular, we did not separate lifetime use 
and recent users. This may have weakened the effects. Fourth, we may also have unmeasured confounders that 
contributed to quitting intention, such as chronic disease. Fifth, we assessed quitting behaviour retrospectively, 
but all other variables currently, which may bias our results. However, because all the information was collected 
at random, we believe the overall findings are meaningful.

Despite these limitations, our findings have some policy and theoretical implications. First, this study extends 
existing research in critical ways, primarily in relation to how nicotine dependence may alter the relationship 
between quitting intention and behaviour. This suggests that enhancing Chinese smokers’ quitting intentions 
may not lead to quitting attempts for all smokers. Therefore, it is important to make some smoking cessation 
services available to high-dependence smokers. A suitable plan for quitting should be developed depending on 
an individual’s level of nicotine dependence. Second, the current findings show a complex relationship between 
e-cigarette use and quitting attempts that may warrant different research for different types of users. In particular, 
e-cigarette use may have potential with respect to promoting quitting among low-dependence smokers, but it 
may be less appropriate to use e-cigarettes as a kind of cessation medicine among highly dependent smokers. 
Future research using experimental and longitudinal designs is needed to evaluate these preliminary findings.

Conclusion
The present study revealed that smokers with various levels of nicotine dependence have different psychological 
determinants of quitting intention. Quitting intention was more significantly associated with quitting behaviour 
for the low nicotine dependence group than for the other groups. More convincing research is necessary to deter-
mine how e-cigarette use affects quitting behaviour. The results of this empirical analysis not only contribute to 
identifying the determinants of psychological predictors of quitting intention but also provide further evidence 
about how nicotine dependence affects quitting behaviour among residents in a developing country, thereby 
adding to earlier research on this topic.

Data availability
The data of the studies is accessible via Peking University, School of Public Health.

Received: 21 April 2021; Accepted: 23 September 2021

References
	 1.	 Yang GH, Li Q, Wang CX, et al. Findings from 2010 Global Adult Tobacco Survey: Implementation, of MPOWER Policy in China.
	 2.	 China Disease Control and Prevention Center. 2015 China Adult Tobacco Survey. Beijing: China CDC, 2016.
	 3.	 China Disease Control and Prevention Center. 2018 China Adult Tobacco Survey. Beijing: China CDC, 2019.
	 4.	 Lin HX, Chang C. Factors associated with the quitting intention among Chinese adults: Application of protection motivation 

theory. Current Psychology, 2021 Feb 23.
	 5.	 Hyland, A. et al. Individual-level predictors of cessation behaviours among participants in the International Tobacco Control (ITC) 

Four Country Survey. Tob Control. 15(Suppl 3), iii83-94 (2006).
	 6.	 Zhou, X. et al. Attempts to quit smoking and relapse: Factors associated with success or failure from the ATTEMPT cohort study. 

Addict. Behav. 34(4), 365–373 (2009).
	 7.	 Tucker, J. S. et al. Predictors of attempted quitting and cessation among young adult smokers. Prev. Med. 41(2), 554–561 (2005).
	 8.	 Vanasse, A., Niyonsenga, T. & Courteau, J. Smoking cessation within the context of family medicine: which smokers take action?. 

Prev Med. 38(3), 330–337 (2004).
	 9.	 Li, L. et al. Prospective predictors of quitting behaviours among adult smokers in six cities in China: findings from the International 

Tobacco Control (ITC) China Survey. Addiction 106(7), 1335–1345 (2011).
	10.	 Smeds, M. R. et al. Nicotine dependence and willingness to quit smoking in vascular surgery patients. Ann. Vasc. Surg. 45, 144–153 

(2017).
	11.	 Li, L. et al. Predictors of smoking cessation among adult smokers in Malaysia and Thailand: Findings from the International 

Tobacco Control Southeast Asia Survey. Nicotine Tob. Res. 12(suppl 1), S34–S44 (2010).
	12.	 David, T. et al. Do components of current “hardcore smoker” definitions predict quitting behaviour?. Addiction 107, 434–440 

(2012).
	13.	 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).
	14.	 Girvalaki, C. et al. Perceptions, predictors of and motivation for quitting among smokers from six European countries from 2016 

to 2018: findings from EUREST-PLUS ITC Europe surveys. Int. J. Environ. Res. Public Health. 17(17), 6263 (2020).
	15.	 Ussher, M. et al. Dependence and motivation to stop smoking as predictors of success of a quit attempt among smokers seeking 

help to quit. Addict Behav 53, 175–180 (2016).



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:20202  | https://doi.org/10.1038/s41598-021-99766-z

www.nature.com/scientificreports/

	16.	 Dasgupta, A. et al. Factors associated with intention and attempt to quit: a study among current smokers in a rural community of 
West Bengal. Indian J Commun. Med. 46, 216–220 (2021).

	17.	 Chen, H. et al. Nicotine dependence, perceived behavioral control, descriptive quitting norms, and intentions to quit smoking 
among Chinese male regular smokers. Subst Use Misuse 56, 145–152 (2021).

	18.	 Islam, K. et al. Predictors of quitting behaviour with special reference to nicotine dependence among adult tobacco-users in a slum 
of Burdwan district, West Bengal. India. Indian J Med Res. 139(4), 638–642 (2014).

	19.	 Moorman, M. & Putte, B. The influence of message framing, intention to quit smoking, and nicotine dependence on the persua-
siveness of smoking cessation messages. Addict. Behav. 33, 1267–1275 (2008).

	20.	 Taheri-Kharameh, Z. et al. Predictors of fall protective behaviors among iranian community-dwelling older adults: an application 
of the protection motivation theory. Clin. Interv. Aging 15, 123–129 (2020).

	21.	 Jansen, P. C. P., Snijders, C. C. P. & Willemsen, M. C. Playing with fire Understanding how experiencing a fire in an immersive 
virtual environment affects prevention behavior. PLoS ONE 15(3), e0229197 (2020).

	22.	 Bashirian, S. et al. An application of the protection motivation theory to predict breast self-examination behavior among female 
healthcare workers. Eur. J. Breast Health 15, 90–97 (2019).

	23.	 Malmir, S. et al. Effect of an educational intervention based on protection motivation theory on preventing cervical cancer among-
Marginalized women in West Iran. Asian Pac. J. Cancer Prev. 19, 755–761 (2018).

	24.	 Brooks, S. P. & Bubela, T. Application of protection motivation theory to clinical trial enrolment for pediatric chronic conditions. 
BMC Pediatr. 20(1), 123 (2020).

	25.	 Milne, S., Sheeran, P. & Orbell, S. Prediction and intervention in health-related behavior: a meta-analyticreview of protection 
motivation theory. J. Appl. Soc. Psychol. 30, 106–143 (2000).

	26.	 Thrul, J. et al. Adolescents’ protection motivation and smoking behaviour. Health Educ. Res. 28, 683–691 (2013).
	27.	 Macdonell, K. et al. A protection motivation theory-based scale for tobacco research among Chinese youth. J. Addict. Res. Ther. 

4, 154 (2013).
	28.	 Floyd, D. L., Prentice-Dunn, S. & Rogers, R. W. A meta-analysis of research on protection motivation theory. J. Appl. Soc. Psychol. 

30, 407–429 (2000).
	29.	 Yan, Y. et al. Application of the protection motivation theory in predicting cigarette smoking among adolescents in China. Addict. 

Behav. 39, 181–188 (2014).
	30.	 Prochaska, J. O. & Velicer, W. F. The transtheoretical model of health behavior change. Am. J. Health Promot. 12(1), 38–48 (1997).
	31.	 Heatherton, T. F. et al. The fagerström test for nicotine dependence: a revision of the fagerström tolerance questionnaire. Br. J. 

Addict. 86(9), 1119–1127 (1991).
	32.	 Huang, C. L., Lin, H. H. & Wang, H. H. Evaluating screening performances of the Fagerstrom tolerance questionnaire, the Fager-

strom test for nicotine dependence and the heavy smoking index among Taiwanese male smokers. J. Clin. Nurs. 17(7), 884–890 
(2008).

	33.	 Xu, Y. & Chen, X. Protection motivation theory and cigarette smoking among vocational high school students in China: A cusp 
catastrophe modeling analysis. Glob. Health Res. Policy 1, 3 (2016).

	34.	 Lin, H. et al. National survey of smoking cessation provision in China. Tob. Induc. Dis. 17, 25 (2019).
	35.	 Hajek, P. et al. A randomized trial of E-cigarettes versus nicotine-replacement therapy. N. Engl. J. Med. 380(7), 629–637 (2019).

Author contributions
H.X.L. finished the first draft. M.J.C., Q.P.Y. and L.C.Z. conduct this survey. C.C. managed the study. All authors 
have approved the final paper for submission.

Funding
This study was supported by Peking University.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​021-​99766-z.

Correspondence and requests for materials should be addressed to C.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 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

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

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-99766-z
https://doi.org/10.1038/s41598-021-99766-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Tobacco dependence affects determinants related to quitting intention and behaviour
	Evidence prior to this study. 
	Theoretical framework. 
	Hypotheses
	Methods
	Study population and procedure. 
	Ethical considerations. 
	Measurements. 
	The measurement of quitting intentions and behaviour. 

	The measurement of nicotine dependence. 
	The measurements of PMT constructs. 
	Other variables. 
	Data analysis. 
	Ethics approval and consent to participate. 

	Results
	Descriptive statistics. 
	The association between seven PMT constructs and quitting intention. 
	The role of quitting intention to behaviour. 

	Discussion
	Conclusion
	References


