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Abstract

Background: Tobacco use is one of the most important risk factors for health, and
China is the largest producer and consumer of tobacco in the world. Monitoring and
controlling the tobacco epidemicis animportant issue. However, the motivation under-
lying smoking behavior is complex and specific to the individual. The Habit, Reward and
Fear Scale (HRFS) is a feasible tool to evaluate this complex motivation.

Objectives: To validate the psychometric properties of the HRFS Chinese version
(HRFS-C) and to assess the relationship between motivation and smoking behavior.
Method: We recruited 967 participants through social media and assessed their smok-
ing behavior with three instruments: the Fagerstrom Test for Nicotine Dependence-
Chinese version (FTND-C), the Questionnaire on Smoking Urges-Brief Scale-Chinese
version (QSU-brief-C), and the HRFS-C. Ultimately, we retained 700 valid data points.
Cronbach’s a and split-half tests were used to evaluate the reliability. Confirmatory fac-
tor analysis, Pearson’s r and an analysis of variance (ANOVA) were used to evaluate
the validity. In addition, linear regression was used to explore the relationship among
the three instruments. The HRFS-C showed good homogeneity (« = 0.965), concurrent
validity, and discriminant validity. A significant linear relationship was observed among
the FTND-C, QSU-brief-C, and HRFS-C (p < .001).

Conclusion: The motivation measured by the HRFS-C can significantly predict nicotine
dependence and craving in the smoking population. The HRFS-C can be used to carry
out targeted interventions for addicted patients (e.g., motivational enhancement ther-

apy).
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1 | INTRODUCTION

Tobacco smoking continues to be a major public health problem world-
wide. More than 7 million smokers have died from direct tobacco use,
and 1.2 million non-smokers have died due to exposure to second-hand
smoke (World Health Organization, 2019). In the entire 20th century,
approximately 1 billion people died prematurely because of tobacco
use. China is the largest producer and consumer of tobacco in the
world; approximately 50% of Chinese male adults and approximately
one million individuals die from tobacco-related diseases each year
(World Health Organization, 2017).

Although most smokers are aware of the harmful effects of smoking
and have a strong incentive to quit, only 2—5% of smokers are absti-
nent for the first year after quitting (Luijten et al., 2020). There is evi-
dence that tobacco abstinence or reduction in smoking will increase
the carving for tobacco and lead to a strong motivation to smoke, and
this strong motivation to smoke will destroy tobacco abstinence espe-
cially in people with high nicotine dependence (Darlow & Lobel, 2012;
Yuan et al., 2017). Thus, to improve abstinence among individuals who
want to quit smoking, we must understand the motivations for tobacco
use.

The behavioral motivations underlying substance use disorders are
complex (Sher et al.,2015). There are two important forms of reinforce-
ment related to motivation: positive reinforcement, which is related
to expectations of rewarding outcomes (e.g., euphoria), and negative
reinforcement, which is related to a fear of negative outcomes (e.g.,
withdrawal) (Koob & Volkow, 2016). Over the past two decades, habit-
ual behavior and its relationship with motivation have been studied in
the field of substance use disorders (Everitt & Robbins, 2005). Goal-
directed and habitual behaviors have often been used to explain the
motivations behind substance use disorders (Everitt & Robbins, 2016).
Habitual substance seeking is an important motivation for individuals
with substance use disorders, and it is usually observed at later stages
of the disorder (Yuan, Yu, et al., 2018). In other words, reward, fear, and
habit can be used as three dimensions to explain the motivation for sub-
stance use.

Reward, fear, and habit have also been used in recent studies to
explain the motivation for tobacco smoking. Researchers have sug-
gested that the intention to seek rewarding outcomes can significantly
increase tobacco cravings (Liu et al., 2021). In addition, some evidence
has indicated that this intention for reward can make quitters start
smoking again (Dijkstra & Borland, 2003; Yuan, Zhao, et al., 2018). Sim-
ilarly, negative reinforcement, especially the alleviation of withdrawal-
related negative emotions, is also a key motivation for smoking (Hall
et al,, 2015). There is evidence that quitters with social anxiety are
more likely to start smoking again (Bakhshaie et al., 2018). Researchers
also found that a fear of obesity tends to disrupt the process of quit-
ting smoking in the smoking population (Bush et al., 2014). In addition,
there is empirical evidence that negative emotions (such as fear) can
increase tobacco cravings, with significant sex differences observed
(Perkins et al., 2013). Further, habitual motivation is an important fac-
tor; habit-driven smoking behavior is the primary smoking behavior
of heavy smokers (Wiers et al., 2013). According to the complexity
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and individual differences of smoking motivation (Yuan et al., 2016), a
stable instrument that can accommodate and distinguish these three
dimensions (reward, fear, and habit) is needed.

A self-report scale study of alcohol-seeking motivation in people
with alcohol use disorder has been suggested (Piquet-Pessoa et al.,
2019). Based on the above three dimensions, the Habit, Reward and
Fear Scale (HRFS) was developed, comprising 18 items to measure the
key motivations (habit, reward, fear) behind substance use disorders
(Piquet-Pessoa et al., 2019). The HRFS score of an individual is indica-
tive of the degree of their motivation, and their scores on different sub-
dimensions represent their dependence on different motivation com-
ponents. However, the psychometric attributes of the HRFS-Chinese
version (HRFS-C) have not been verified. Thus, in the current study, we
aimed to examine the reliability and validity of the HRFS-C. We hypoth-
esized that the HRFS-C score can predict the severity of tobacco smok-

ing in a population from East China.

2 | METHOD

2.1 | Study design

The study aims to translate the HRFS into Chinese and to evaluate
the psychometric properties, including the reliability and validity of
the HRFS-C, and assess self-reported drivers of tobacco use among
adults in southeastern China. In this study, all the participants com-
pleted three scales, including the Fagerstrom Test for Nicotine Depen-
dence Scale (FTND-C), the Chinese version of the Questionnaire on
Smoking Urges-Brief Scale (QSU-brief-C), and the HRFS-C.

2.2 | Participants

We recruited participants through a mainstream social media
(WeChat) in China. We explained the research process to ensure that
participants understood the details of the research. All participants
volunteered to participate and completed online questionnaires. After
the answer is completed, there is a chance that volunteers will be
rewarded with a similar time cost (20-40 RMB). Most of the partic-
ipants were from universities in Nanjing, Jiangsu Province, China.
We screened out the participants by self-reported smoking amount,
and the participants who smoked more than zero cigarettes per day
were retained. We collected a total of 967 questionnaires during
2019. According to the above screening criteria, the information of
239 non-smoking participants was screened out, and 28 participants
were screened out due to data loss. Finally, we obtained 700 valid

questionnaires.

3 | ASSESSMENTS

The instruments used in this study to measure the tobacco cravings of
the participants were the HRFS, the FTND, and the QSU-brief.
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3.1 | Habit, Reward, and Fear Scale

The HRFS, developed by Marcelo Piquet-Pessoa et al. (2019), con-
sists of 18 items to assess motivations for obsessive-compulsive and
substance use disorders. This scale has three original dimensions: 6
habit-related items are used to qualify non-affective motivation, and
6 reward-related and 6 fear-related items are used to qualify affec-
tive motivation. The score for answers to each item ranged from 1 (dis-
agree) to 7 (agree). This scale was first used in patients with alcohol
use disorder, and it achieved satisfactory psychometric characteristics.
Two graduate students translated the HRFS, and a doctoral student
in clinical psychiatry integrated their work. Finally, the HRFS-C was
tested in patients and revised by a physician in the substance depen-

dence department.

3.2 | Fagerstrom Test for Nicotine Dependence

We used the FTND to evaluate the participants’ nicotine-dependence-
related symptoms. Items 1 and 4 were scored from O to 3, and the
remaining four items were scored as O or 1. A higher score onthe FTND
indicates greater nicotine dependence (Heatherton et al., 1991). The
FTND is widely used in clinical studies to assess nicotine dependence,
and Cronbach’s a of FTND-C was 0.74 in a previous study (Huang et al.,
2006). In this study, Cronbach’s a was 0.604.

3.3 | Questionnaire on Smoking Urges-Brief Scale
(QSU-brief)

The QSU-brief contains 10 items scored on a 7-point Likert-type scale.
Subjects evaluate the statements on a scale from 1 (strongly disagree)
to 7 (strongly agree) based on their current feelings to assess their crav-
ing for tobacco (Toll et al., 2004). The reliability of the QSU-brief-C has

been verified in previous studies (Yu et al., 2010).

3.4 | Demographic characteristics

In terms of demographic variables, age, sex, years of education, and
daily smoking amount of the participants were collected, and a daily
smoking amount was used as the main indicator for screening the par-
ticipants.

4 | DATA ANALYSIS

Statistical analysis was performed by Jamovi version 1.1 (www.jamovi.
org). We used descriptive statistical indicators, including frequency dis-
tribution, mean, and standard deviation, to describe the demographic
variables of the subject population. Homogeneity (Cronbach’s a) was
used to examine the reliability. We used confirmatory factor analysis
(CFA\) to verify the three dimensions of the HRFS envisaged by the orig-

inal author, namely, habit, reward and fear. We also examined the corre-
lation between the HRFS score and the FTND and the QSU-brief scores
to explain the correlation validity by Pearson’s correlation. Finally, the
participants were divided into three groups according to their scores
on the FTND, and the discriminant validity of the HRFS was investi-
gated by an analysis of variance (ANOVA) with the least significant dif-
ference (LSD) for multiple-comparison tests.

Linear regression was used to explore the relationship between
motivation (measured by the HRFS) and nicotine dependence (mea-
sured by the FTND) and craving (measured by the QSU-brief). In linear
regression, scores on the FTND and QSU-brief were taken as depen-
dent variables, while sex, age, and HRFS score were taken as the main
independent variables. After we performed linear regression, the trend

test (p for trend) was used to verify the linear relationship between

variables.
5 | RESULTS
5.1 | Demographic data

We retained 700 participants who self-reported smoking more than
zero cigarettes per day. Among all participants, the average age was
29.90 (SD 10.70) years, ranging from 18 to 60 years; 80.7% (n = 565)
were male, and 19.7% (n = 135) were female. These participants
smoked 8.82 (8.19) cigarettes per day on average, and we found a sig-
nificant difference between the sexes (p < .001). The FTND score of
these participants was 2.23 (2.22). Most of them had some college edu-
cation, with an average of 13.40 (2.47) years of education (Table 1).

5.2 | Reliability

Cronbach’s a coefficient for the overall HRFS was 0.965, and in the
subdimensions, Cronbach’s « coefficients were 0.922 (habit), 0.910
(reward), and 0.880 (fear). The Spearman-Brown length-related coef-
ficient was 0.946, and the Guttman split-half coefficient was 0.946.
According to the criterion for clinical scale, the HRFS-C has good relia-
bility (Henson, 2019).

5.3 | Construct validity

CFA (n = 700) was used to verify the construct validity of the HRFS-
C based on the three-factor structure of the original English ver-
sion. Items 3, 6, 7, 10, 14, and 16 belong to the dimension of habit;
items 2, 4, 9, 12, 15, and 17 belong to the dimension of reward; and
items 1, 5, 8, 11, 13, and 18 belong to the dimension of fear. Chi-
square values and the comparative fit index (CFI), Tucker-Lewis index
(TLI), standardized root-mean-square residual (SRMR), and root-mean-
square error of approximation (RMSEA) were used to assess the model
fitness. According to the criterion of model fitting indexes, the CFI
and TLI should be close to 0.95, the SRMR should be close to 0.08
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TABLE 1 Demographicvariables
Sample size Weight
Total sample 700 100%
Sex
Male 565 81%
Female 135 19%

Abbreviation: SD = standard deviation.

TABLE 2 Fitindexes for the confirmatory factor models of the
HRFS
27 df CFI TLI SRMR RMSEA (RMSEA 90% ClI)
2016 132 084 0.815 0.0637 0.143(0.137-0.148)

Note: N = 700 for the chi-square analysis.

Abbreviation: CFl, comparative fit index; HRFS, Habit, Reward and Fear
Scale; RMSEA, root-mean-square error of approximation; SRMR, standard-
ized root-mean-square residual; TLI, Tucker-Lewis index.

***p <.001.

TABLE 3 Correlation matrix

FTND QSsu HRFS
FTND Pearson’sr -
QSU-brief Pearson’s r 0436 —
HRFS Pearson’s r 0465 0.525™ -
*p <.001.

and the RMSEA should be close to 0.06 (Hu & Bentler, 1999). The
HRFS-C did not fit the three-factor model of the English version well
(Table 2).

5.4 | Concurrent validity

We evaluated the concurrent validity of the HRFS by calculating Pear-
son’s coefficient with the FTND and the QSU-brief. Pearson’s coeffi-
cient was .465, p < .01 (between the HRFS and the FTND), and .525,
p < .01 (between the HRFS and the QSU-brief, Table 3).

5.5 | Discriminant validity

One-way ANOVA was used to determine whether there were signifi-
cant differences between the groups with different levels of tobacco
use disorder. According to the original FTND scoring manual, five levels
of nicotine dependence were identified: very low (0 to 2 points), low (3
to 4 points), moderate (5 points), high (6 to 7 points), and very high (8 to
10 points). However, empirical evidence suggested that FTND scores
for regular smokers were greater than 3 (Huang et al., 2008), while
scores for heavy smokers were greater than 6 (de Leon et al., 2003).

HONGET AL.

Age Education years Cigarettes-days
Mean (SD) Mean (SD) Mean (SD)
29.92(10.70) 13.40(2.47) 8.82(8.19)
29.00 (10.20) 13.50(2.37) 9.64(8.53)
33.9(11.90) 13.20(2.86) 5.41(5.42)
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FIGURE 1 Significant differences in HRFS scores among the three
groups divided by FTND scores.

Low = 0 to 2 points on the FTND; Moderate = 3 to 6 points on the
FTND; High = 6 to 10 points on the FTND;

Abbreviations: FTND, Fagerstrom Test for Nicotine Dependence Scale;
HRFS, Habit, Reward and Fear Scale. ***p <.001

According to these recommended cut-off scores, we divided the par-
ticipants into three groups—those with low dependence (0 to 3 points;
n = 430), moderate dependence (3 to 6 points; n = 203), and high
dependence (6 to 10 points; n = 67). We found a significant difference
among the three groups (F = 78.1, p < .01, 72 = .02; Figure 1).

6 | REGRESSION RESULTS

QSU-brief scores were used as the predicted variable; HRFS score, sex,
and age were used as predictor variables in the equation by the step-
wise method; and two linear models of QSU-brief score were used as
Y variables. Since the coefficient is not significant (p > .05), sex was
removed from the equation. According to the results, the second model
is more suitable (Table 4).

Similarly, we took the FTND score as the predicted variable and
input HRFS score, sex, and age as the predictor variables into the equa-
tion by a stepwise method. Sex (p > .05) was removed from the equa-
tion. Of the two linear models we established, the second model was
more suitable (Table 5).
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TABLE 4 Regression Coefficients of QSU-brief

B SEB g R? AR? F
Model 1 0.275 0.275 265199
(Constant) 1.732 2.1
HRFS 0.509 0.031 0.525
Model 2 0.289 0.014 141.556 "
(Constant) 5.559 2.709
HRFS 0.49 0.031 0.505 "

*xx

Age 0.263 0.072 0.118™

Note: Dependent variable: QSU-brief.
*p <.001.

TABLE 5 Regression Coefficients of FTND

B SEB g R? AR? F
Model 1 0.216 0.216 192.138"
(Constant) —0.375 0.202
HRFS 0.042 0.003 0.465"
Model 2 0.244 0.029 112.729"
(Constant) —1.272 0.264
HRFS 0.039 0.003 0.436"
Age 0.035 0.007 0.171°"

Note: Dependent variable: FTND.
***p <.001.

6.1 | Trend test results

After we performed linear regression, we used trend tests to verify the
linear relationship among the variables above. HRFS score quartiles
were used to divide participants into four groups, with the median of
each group used for trend testing. According to the results in Table 6,

the linear relationship among the above variables was significant.

7 | DISCUSSION

This study of the psychometric properties of the 18-item HRFS in
smoking adults from East China revealed that the HRFS-C was satis-
factory to assess the motivation of smoking behavior among Chinese
individuals. First, the satisfactory homogeneity together with the split-
half coefficient indicated that the HRFS-C is reliable, which is consis-
tent with the results of previous studies on the original English HRFS
(Piquet-Pessoa et al., 2019). Second, the results of CFA showed that
the HRFS-C did not fit the three dimensions envisaged in the original
version well. Third, an analysis of variance revealed that the HRFS-
C score was able to distinguish participants with different levels of
nicotine dependence, indicating the good discriminant validity of the
HRFS-C. Finally, the correlation coefficient and regression analysis
suggested that the HRFS-C score could be used as a predictor of crav-

ings and nicotine dependence in the smoking population. These statisti-

cal results confirmed our hypothesis that the HRFS-C score can be used
to predict the severity of tobacco smoking in China.

The HRFS-C has certain psychometric properties that are related
to those of its original construct. In the original HRFS, 18 items were
grouped into three dimensions: habit, reward, and fear. These three
factors have been confirmed to explain the motivation of people with
substance use disorders (Buckner et al., 2011; Morean et al., 2018;
Volkow & Morales, 2015). Moreover, the items under each dimen-
sion were selected and modified from scales with verified psychome-
tric properties (Verplanken & Orbell, 2003). According to the good fit
indices, CFl and TLI can be considered as marginal fit, SRMR can be
considered as acceptable fit, and RMSEA can be considered as bad fit
(Hu & Bentler, 1999). In general, the results of CFA were not satisfac-
tory. In terms of this sample, we found that the factor loadings of item
1(0.57 < 0.7) and item 2 (0.68 < 0.7) are at a low level, and the R? of
item 1 (.32 < .4) was not good enough (MacCallum et al., 2001). We
believe that the existence of these two items has an impact on the reli-
ability of the structure of HRFS, and attention should be paid to these
items in other samples or fields during the revision process. We suspect
that the difference in expression between the two languages might
lead to a decrease in the differentiation of the three dimensions of the
HRFS-C.

Another interesting finding was that the HRFS-C score could sig-
nificantly predict cravings and the severity of nicotine dependence. In
the regression model, we found a reliable linear relationship between
nicotine dependence, carving, and motivation measured by HRFS. The
relationships between motivation, craving, and nicotine dependence
are consistent with a previous study (Reese & Veilleux, 2016). This
evidence significantly indicated that despite the unsatisfactory struc-
ture of HRFS in this sample, the total score of HRFS can still reflect
the intensity of motivation and subsequently predict the severity of
tobacco dependence. Moreover, similar results have been found in
studies of alcohol use disorders. Higher motivation was associated with
higher alcohol cravings and alcohol dependence (Blaine et al., 2019).
Besides, there is evidence that motivation can be a predictor of alco-
hol cravings (Pombo et al., 2016). The results of this study and the use
of the HRFS in people with obsessive-compulsive disorder and alco-
hol use disorders (Ferreira et al., 2020) suggest the potential clinical
value of the HRFS-C. In general, HRFS provides a theoretical moti-
vation model that can be used to understand different forms of psy-
chopathology, such as substance use disorders, behavioral disorders,
and obsessive-compulsive related disorders.

However, there are some limitations in this study that can be
improved in future studies. First, the age and sex of the participants
were not well matched. Although the age of participants covered all
adult age groups, the majority of participants were approximately 20
years old, which resulted in a large standard deviation and affected our
data distribution. Due to the limited data sources, we failed to match
the sex of the smoking population, which affected the external validity
of our results. Second, the structure of the HRFS-C was not clarified
in this study. The results of CFA indicated that the three dimensions
envisaged by the original version were not the best model of the HRFS-
C. Thus, the HRFS-C failed to distinguish between different types of
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TABLE 6 pof HRFS score quartiles in regression with QSU-breif and FTND

Q1(n=178) Q2(n=173)

(0-46) (47-65)
QSU-brief
Model 1 Reference 111
p-Value .005
Model 2 Reference 112
p-Value .005
Model 3 Reference .100
p-Value .011
FTND
Model 1 Reference .090
p-Value .029
Model 2 Reference 091
p-Value .028
Model 3 Reference 074
p-Value .069

HONGET AL.

Q3 (n=186) Q4 (n=163)
(66-78) (>78) p for trend

.335 .570 <.001
<.001 <.001

.329 .565 <.001
<.001 <.001

.319 544 <.001
<.001 <.001

.207 513 <.001
<.001 <.001

201 .508 <.001
<.001 <.001

.188 A77 <.001
<.001 <.001

Note: Model 1 was adjusted for HRFS score; Model 2 was adjusted for HRFS score and sex; Model 3 was adjusted for HRFS score, sex, and age. The test for

trend was based on variables containing the median value for each quartile.

motivations. Third, we lacked the back-translation procedure when
translating the HRFS, and the findings in this paper need to be consid-
ered with caution. In order to remedy this defect, we re-translated the
HRFS by combined translation technique (Cha et al., 2007) and com-
pared it with the previous version. We believe that the Chinese version
of HRFS is valid in the present study.

In conclusion, the HRFS-C has good reliability, discriminant validity,
and concurrent validity. In the future, this scale could be used to reveal

the motivation domains of other substance use disorders.

ACKNOWLEDGMENTS
The authors would like to thank the participants who have helped to
make this research possible.

AUTHOR CONTRIBUTIONS

Ying Shen, Yun-Qiang Wang, and Hui Zheng designed the study; Qian
Lu, Zhng-ke Gu, Yong-Qiang Li, and Xing-Jun Xu performed the study;
Tu Hong and Jun-jie Xie analyzed the results; Tu Hong and Chuan He
wrote the paper together; all authors have read and approved the final
version of the manuscript.

DATA AVAILABILITY STATEMENT
The datasets for this study can be found in the OSF: osf.io/4zdm5

TRANSPARENT PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2364

ORCID
TuHong
Hui Zheng

https://orcid.org/0000-0003-0891-9049
https://orcid.org/0000-0001-9735-5657

REFERENCES

Bakhshaie, J., Rogers, A. H., Kauffman, B. Y., Fasteau, M., Buckner, J. D.,
Schmidt, N. B., & Zvolensky, M. J. (2018). Situational fears: Association
with negative affect-related smoking cognition among treatment seek-
ing smokers. Addictive Behaviors, 85, 158-163. https://doi.org/10.1016/j.
addbeh.2018.06.009

Blaine, S. K., Nautiyal, N., Hart, R., Guarnaccia, J. B., & Sinha, R. (2019).
Craving, cortisol and behavioral alcohol motivation responses to stress
and alcohol cue contexts and discrete cues in binge and non-binge
drinkers. Addiction Biology, 24(5), 1096-1108. https://doi.org/10.1111/
adb.12665

Buckner, J. D., Heimberg, R. G., & Schmidt, N. B. (2011). Social anxiety
and marijuana-related problems: The role of social avoidance. Addictive
Behaviors, 36(1-2), 129-132. https://doi.org/10.1016/j.addbeh.2010.
08.015

Bush, T.,Hsu, C., Levine, M. D., Magnusson, B., & Miles, L. (2014). Weight gain
and smoking: Perceptions and experiences of obese quitline participants.
BMC Public Health, 14(1), 1-9.

Cha, E.-S., Kim, K. H., & Erlen, J. A. (2007). Translation of scales in cross-
cultural research: Issues and techniques. Journal of Advanced Nursing,
58(4), 386-395. https://doi.org/10.1111/j.1365-2648.2007.04242.x

Cooper, M. L., Kuntsche, E., Levitt, A, Barber, L. L. & Wolf, S. (2016). Moti-
vational models of substance use: A review of theory and research on
motives for using alcohol, marijuana, and tobacco. In K. J. Sher (Ed.), The
Oxford handbook of substance use and substance use disorders (pp. 375-
421). Oxford University Press.

Darlow, S., & Lobel, M. (2012). Smoking behavior and motivational flexibility
in light and heavy smokers. Addictive Behaviors, 37(5), 668-673. https://
doi.org/10.1016/j.addbeh.2012.02.001

De Leon, J., Diaz, F. J., Becoiia, E., Gurpegui, M., Jurado, D., & Gonzalez-
Pinto, A. (2003). Exploring brief measures of nicotine dependence for
epidemiological surveys. Addictive Behaviors, 28(8), 1481-1486. https:
//doi.org/10.1016/S0306-4603(02)00264-2

Dijkstra, A., & Borland, R. (2003). Residual outcome expectations and
relapse in ex-smokers. Health Psychology, 22(4), 340-346. https://doi.
org/10.1037/0278-6133.22.4.340


https://publons.com/publon/10.1002/brb3.2364
https://publons.com/publon/10.1002/brb3.2364
https://orcid.org/0000-0003-0891-9049
https://orcid.org/0000-0003-0891-9049
https://orcid.org/0000-0001-9735-5657
https://orcid.org/0000-0001-9735-5657
https://doi.org/10.1016/j.addbeh.2018.06.009
https://doi.org/10.1016/j.addbeh.2018.06.009
https://doi.org/10.1111/adb.12665
https://doi.org/10.1111/adb.12665
https://doi.org/10.1016/j.addbeh.2010.08.015
https://doi.org/10.1016/j.addbeh.2010.08.015
https://doi.org/10.1111/j.1365-2648.2007.04242.x
https://doi.org/10.1016/j.addbeh.2012.02.001
https://doi.org/10.1016/j.addbeh.2012.02.001
https://doi.org/10.1016/S0306-4603(02)00264-2
https://doi.org/10.1016/S0306-4603(02)00264-2
https://doi.org/10.1037/0278-6133.22.4.340
https://doi.org/10.1037/0278-6133.22.4.340

HONGET AL.

Brain and Behavior

Everitt, B. J., & Robbins, T. W. (2005). Neural systems of reinforcement
for drug addiction: From actions to habits to compulsion. Nature Neuro-
science, 8(11), 1481-1489. https://doi.org/10.1038/nn1579

Everitt, B. J., & Robbins, T. W. (2016). Drug addiction: Updating actions to
habits to compulsions ten years on. Annual Review of Psychology, 67, 23—
50. https://doi.org/10.1146/annurev-psych-122414-033457

Ferreira, G. M,, Lee, R. S. C,, Piquet-Pessoa, M., de Menezes, G. B., Moreira-
de-Oliveira, M. E., Albertella, L., Yiicel, M., Cruz, M. D. S., Santos-Ribeiro,
S.D., & Fontenelle, L. F. (2021). Habitual versus affective motivations in
obsessive-compulsive disorder and alcohol use disorder. CNS Spectrums,
26(3),243-250. https://doi.org/10.1017/51092852919001706

Hall, F. S., Der-Avakian, A., Gould, T. J., Markou, A., Shoaib, M., & Young, J. W.
(2015). Negative affective states and cognitive impairments in nicotine
dependence. Neuroscience and Biobehavioral Reviews, 58, 168-185. https:
//doi.org/10.1016/j.neubiorev.2015.06.004

Heatherton, T. F,, Kozlowski, L. T., Frecker, R. C., & Fagerstrom, K.-O. (1991).
The Fagerstrom test for nicotine dependence: A revision of the Fager-
strom Tolerance Questionnaire. British Journal of Addiction, 86(9), 1119-
1127. https://doi.org/10.1111/j.1360-0443.1991.tb01879.x

Henson, R. K. (2019). Understanding internal consistency reliability esti-
mates: A conceptual primer on coefficient alpha. Measurement and Eval-
uation in Counseling and Development, 34(3), 177-189. https://doi.org/10.
1080/07481756.2002.12069034

Hu, L.-T.,, & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covari-
ance structure analysis: Conventional criteria versus new alternatives.
Structural Equation Modeling: A Multidisciplinary Journal, 6(1), 1-55. https:
//doi.org/10.1080/10705519909540118

Huang, C.-L., Lin, H.-H., & Wang, H.-H. (2006). The psychometric proper-
ties of the Chinese version of the Fagerstrom Test for Nicotine Depen-
dence. Addictive Behaviors, 31(12), 2324-2327. https://doi.org/10.1016/
j.addbeh.2006.02.024

Huang, C.-L., Lin, H.-H., & Wang, H.-H. (2008). Evaluating screening per-
formances of the Fagerstrom tolerance questionnaire, the Fagerstrom
test for nicotine dependence and the heavy smoking index among Tai-
wanese male smokers. Journal of Clinical Nursing, 17(7), 884-890. https:
//doi.org/10.1111/j.1365-2702.2007.02054.x

Koob, G. F,, & Volkow, N. D. (2016). Neurobiology of addiction: A neurocir-
cuitry analysis. The Lancet Psychiatry, 3(8), 760-773. https://doi.org/10.
1016/52215-0366(16)00104-8

Liu, S., Wang, S., Zhang, M., Xu, Y., Shao, Z., Chen, L., Yang, W.,, Liu, J.,, &
Yuan, K. (2021). Brain responses to drug cues predict craving changes in
abstinent heroin users: A preliminary study. Neuroimage, 237, 118-169.
https://doi.org/10.1016/j.neuroimage.2021.118169

Luijten, M., Gillan, C. M., de Wit, S., Franken, |. H. A, Robbins, T. W., & Ersche,
K. D. (2020). Goal-directed and habitual control in smokers. Nicotine &
Tobacco Research, 22(2), 188-195.

Maccallum, R. C., Widaman, K. F,, Preacher, K. J., & Hong, S. (2001).
Sample size in factor analysis: The role of model error. Multivari-
ate Behaviors Research, 36(4), 611-637. https://doi.org/10.1207/
S$15327906MBR3604_06

Morean, M. E., Demartini, K. S., Foster, D., Patock-Peckham, J., Garrison, K.
A, Corlett, P. R, Krystal, J. H., Krishan-Sarin, S., & O'malley, S. S. (2018).
The Self-Report Habit Index: Assessing habitual marijuana, alcohol, e-
cigarette, and cigarette use. Drug and Alcohol Dependence, 186, 207-214.
https://doi.org/10.1016/j.drugalcdep.2018.01.014

Perkins, K. A, Karelitz, J. L., Giedgowd, G. E., & Conklin, C. A. (2013). Nega-
tive mood effects on craving to smoke in women versus men. Addictive
Behaviors, 38(2), 1527-1531. https://doi.org/10.1016/j.addbeh.2012.
06.002

Piquet-Pess6a, M., Chamberlain,S.R., Lee,R.S.C., Ferreira, G.M.,Cruz, M.S.,
Ribeiro, A. P, De Menezes, G. B, Albertella, L., Yiicel, M., & Fontenelle, L.

WILEY-

F. (2019). A study on the correlates of habit-, reward-, and fear-related
motivations in alcohol use disorder. CNS Spectrums, 24(6), 597-604.
https://doi.org/10.1017/51092852918001554

Pombo, S., Luisa Figueira, M., Walter, H., & Lesch, O. (2016). Motivational
factors and negative affectivity as predictors of alcohol craving. Psychi-
atry Research, 243, 53-60. https://doi.org/10.1016/j.psychres.2016.02.
064

Reese, E. D., & Veilleux, J. C. (2016). Relationships between craving beliefs
and abstinence self-efficacy are mediated by smoking motives and mod-
erated by nicotine dependence. Nicotine & Tobacco Research, 18(1), 48-
55.

Toll, B. A, Mckee, S. A, Krishnan-Sarin, S., & O’'malley, S. S. (2004). Revisiting
the factor structure of the questionnaire on smoking urges. Psychologi-
cal Assessment, 16(4), 391-395. https://doi.org/10.1037/1040-3590.16.
4.391

Verplanken, B., & Orbell, S. (2003). Reflections on past behavior: A self-
report index of habit strength. Journal of Applied Social Psychology, 33(6),
1313-1330. https://doi.org/10.1111/j.1559-1816.2003.tb01951.x

Volkow, N. D., & Morales, M. (2015). The brain on drugs: From reward
to addiction. Cell, 162(4), 712--725. https://doi.org/10.1016/j.cell.2015.
07.046

Wiers, C. E., Kihn, S., Javadi, A. H., Korucuoglu, O., Wiers, R. W., Walter,
H., Gallinat, J., & Bermpohl, F. (2013). Automatic approach bias towards
smoking cues is present in smokers but not in ex-smokers. Psychopharma-
cology, 229(1), 187-197. https://doi.org/10.1007/s00213-013-3098-5

World Health Organization. (2017). The bill China cannot afford: Health, eco-
nomic and social costs of China’s tobacco epidemic. WHO Regional Office
for the Western Pacific.

World Health Organization. (2019). WHO report on the global tobacco epi-
demic 2019: Offer help to quit tobacco use.

Yu, X,, Xiao, D, Li, B., Liu, Y.a, Wang, G., Chen, J., Bai, C., Pan, J.,, Wan, H., Li, Q.,
Zhou, X,, Liao, R, Li,Q.,Wang, C.,Chen, R, Tang, Y., Mo, H., Zhao,M., Du, J.,
... Wang, C. (2010). Evaluation of the Chinese versions of the Minnesota
nicotine withdrawal scale and the questionnaire on smoking urges-brief.
Nicotine & Tobacco Research, 12(6), 630-634.

Yuan, K., Yu, D,, Bi, Y., Li, Y., Guan, Y,, Liu, J., Zhang, Y.i, Qin, W,, Lu, X., & Tian,
J. (2016). The implication of frontostriatal circuits in young smokers: A
resting-state study. Human Brain Mapping, 37(6),2013-2026. https://doi.
org/10.1002/hbm.23153

Yuan, K., Yu, D, Bi, Y., Wang, R,, Li, M., Zhang, Y., Dong, M., Zhai, J., Li, Y., Lu,
X., & Tian, J. (2017). The left dorsolateral prefrontal cortex and caudate
pathway: New evidence for cue-induced craving of smokers. Human Brain
Mapping, 38(9), 4644-4656. https://doi.org/10.1002/hbm.23690

Yuan, K., Yu, D., Zhao, M,, Li, M., Wang, R, Li, Y., Manza, P,, Shokri-Kojori, E.,
Wiers, C. E., Wang, G.-J., & Tian, J. (2018). Abnormal frontostriatal tracts
in young male tobacco smokers. Neuroimage, 183, 346-355. https://doi.
org/10.1016/j.neuroimage.2018.08.046

Yuan, K., Zhao, M,, Yu, D., Manza, P, Volkow, N. D., Wang, G.-J., & Tian, J.
(2018). Striato-cortical tracts predict 12-h abstinence-induced lapse in
smokers. Neuropsychopharmacology, 43(12), 2452-2458. https://doi.org/
10.1038/541386-018-0182-x

How to cite this article: Hong, T., He, C., Gu, Z.-K,, Xie, J.-J., Lu,
Q. Li, Y.-Q, Xu, X.-J., Shen, Y., Wang, Y.-Q., & Zheng, H. (2021).
Psychometric investigation of the Chinese version of the Habit,
Reward and Fear Scale (HRFS). Brain and Behavior, 11, e2364.
https://doi.org/10.1002/brb3.2364


https://doi.org/10.1038/nn1579
https://doi.org/10.1146/annurev-psych-122414-033457
https://doi.org/10.1017/S1092852919001706
https://doi.org/10.1016/j.neubiorev.2015.06.004
https://doi.org/10.1016/j.neubiorev.2015.06.004
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://doi.org/10.1080/07481756.2002.12069034
https://doi.org/10.1080/07481756.2002.12069034
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1016/j.addbeh.2006.02.024
https://doi.org/10.1016/j.addbeh.2006.02.024
https://doi.org/10.1111/j.1365-2702.2007.02054.x
https://doi.org/10.1111/j.1365-2702.2007.02054.x
https://doi.org/10.1016/S2215-0366(16)00104-8
https://doi.org/10.1016/S2215-0366(16)00104-8
https://doi.org/10.1016/j.neuroimage.2021.118169
https://doi.org/10.1207/S15327906MBR3604_06
https://doi.org/10.1207/S15327906MBR3604_06
https://doi.org/10.1016/j.drugalcdep.2018.01.014
https://doi.org/10.1016/j.addbeh.2012.06.002
https://doi.org/10.1016/j.addbeh.2012.06.002
https://doi.org/10.1017/S1092852918001554
https://doi.org/10.1016/j.psychres.2016.02.064
https://doi.org/10.1016/j.psychres.2016.02.064
https://doi.org/10.1037/1040-3590.16.4.391
https://doi.org/10.1037/1040-3590.16.4.391
https://doi.org/10.1111/j.1559-1816.2003.tb01951.x
https://doi.org/10.1016/j.cell.2015.07.046
https://doi.org/10.1016/j.cell.2015.07.046
https://doi.org/10.1007/s00213-013-3098-5
https://doi.org/10.1002/hbm.23153
https://doi.org/10.1002/hbm.23153
https://doi.org/10.1002/hbm.23690
https://doi.org/10.1016/j.neuroimage.2018.08.046
https://doi.org/10.1016/j.neuroimage.2018.08.046
https://doi.org/10.1038/s41386-018-0182-x
https://doi.org/10.1038/s41386-018-0182-x
https://doi.org/10.1002/brb3.2364

	Psychometric investigation of the Chinese version of the Habit, Reward and Fear Scale (HRFS)
	Abstract
	1 | INTRODUCTION
	2 | METHOD
	2.1 | Study design
	2.2 | Participants

	3 | ASSESSMENTS
	3.1 | Habit, Reward, and Fear Scale
	3.2 | Fagerstrom Test for Nicotine Dependence
	3.3 | Questionnaire on Smoking Urges-Brief Scale (QSU-brief)
	3.4 | Demographic characteristics

	4 | DATA ANALYSIS
	5 | RESULTS
	5.1 | Demographic data
	5.2 | Reliability
	5.3 | Construct validity
	5.4 | Concurrent validity
	5.5 | Discriminant validity

	6 | REGRESSION RESULTS
	6.1 | Trend test results

	7 | DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	TRANSPARENT PEER REVIEW

	ORCID
	REFERENCES


