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ABSTRACT

INTRODUCTION Although the negative impact of smoking on health has been
confirmed in various studies, few have explored psychological factors mediating
the relationship between smoking and health-related quality of life (HRQOL).
This study aimed to investigate the relationship between smoking and HRQOL
in the Chinese population and the mediating role of negative emotions (NEs).
METHODS Survey data were derived from a cross-sectional study conducted in China
from 20 June to 31 August 2022. We recruited participants from 148 cities across
the country using a stratified multistage sampling method. The HRQOL of the
dependent variable was measured using the Chinese version of European Quality
of Life-5 Dimensions (EQ-5D-5L). The Patient Health Questionnaire (PHQ-9),
Generalized Anxiety Disorder (GAD-7), and Perceived Stress Scale (PSS-4) were
used to measure NE parameters including depression, anxiety, and perceived
stress, as the intermediate variables. A multiple parallel mediation model was used
to analyze the mediating role of NEs in smoking and HRQOL.

RESULTS A total of 21916 valid questionnaires were collected, of which 3010
(13.7%) and 18906 (86.3%) were categorized into smokers and non-smokers,
respectively. The HRQOL (EQ-VAS score) of smokers (71.70 + 23.08) was
lower than that of non-smokers (73.69 + 21.32), whereas the depression and
anxiety levels of smokers were higher than those of non-smokers (all p<0.001).
Moreover, smoking, NEs (depression and anxiety), and HRQOL showed pairwise
correlations. According to the mediation analysis, depression (p=-0.461; 95%
BCa CI: -0.664 - -0.268) and anxiety (B=-0.279; 95% BCa CI: -0.435 - -0.138)
mediated the relationship between smoking and HRQOL after adjusting for
demographic and life factors.

concLusions These findings emphasize the necessity of studying the interaction
between smoking, HRQOL, and Nes, and complementing the research on the
impact of psychological factors on the HRQOL of smokers. Public health activities
should focus on mental health and take targeted measures for the prevention,
treatment, and rehabilitation of smokers.

ABBREVIATIONS BCa CI: bias-corrected and accelerated bootstrap confidence interval, DSM-IV: Diagnostic and Statistical Manual
of Mental Disorders, 4th edition, EQ-5D-5L: European Quality of Life-5 Dimensions, EQ-VAS: European Quality-Visual Analogue

Scale, GAD-7: generalized anxiety disorder, HRQOL: health-related quality of life, NE: Negative emotion, PHQ-9: patient health
questionnaire, PSS-4: perceived stress scale
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INTRODUCTION

Tobacco use is one of the most serious public health

problems worldwide. Smoking caused approximately
100 million deaths globally in the 20th century,
mostly in low- and middle-income countries,
including China'. China is the largest producer and
consumer of tobacco, consuming about 40% of the
world’s tobacco; the total number of smokers in China
exceeds 300 million, accounting for one-third of the
world’s smoking population®. China’s economy, social
order, and public health have suffered tremendously
as a result of heavy tobacco consumption, with
approximately one million deaths per year from
tobacco-related diseases®.

In addition to the direct harmful consequences to
an individual’s survival, smoking also impacts health-
related quality of life (HRQOL)* a multidimensional
evaluation index that includes physical health,
psychological status, social relationships, and
subjective satisfaction. It facilitates not only the
comprehensive evaluation of an individual’s health
status but also the policy legislation and health plan
implementation for health institutions. Previous
studies have shown a significant negative association
between smoking and HRQOL, with non-smokers
or former smokers having higher HRQOL scores
than long-term smokers®. The association between
smoking and HRQOL in terms of physical factors has
been extensively examined, whereas the discussion
surrounding psychological factors in this relationship
has been comparatively limited. In addition, smoking
is reported to have a stronger correlation with the
mental health part than the physical health part
of HRQOL?, possibly due to the worsening of
negative emotions (NEs)°. Accordingly, it is of great
significance to clarify the complex path relationship
between the smoking and HRQOL.

NEs are subjective experiences of depression and
unpleasantness that include various emotional states’.
These not only lead to increases in problematic
behavior but are also important causes of emotional
disorders®. Although NEs are often reported as factors
that induce smoking, an interaction between these
two parameters has also been observed’.

NE is an important risk factor for HRQOL'.
Further, the emotional states of depression, anxiety,
and stress are closely related, together comprising
NE". Smoking is a reported risk factor for depression,
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anxiety, and stress. Compared to non-smokers,
smokers have more serious symptoms of depression
and anxiety'?. Therefore, further studies are necessary
to determine whether the components of NE mediate
the relationship between smoking and HRQOL.

Few studies have elaborated on the interaction
between smoking and HRQOL in low- and middle-
income countries. Although China is the world’s
largest producer and consumer of tobacco, far fewer
studies on the effects and mechanisms linking smoking
and HRQOL have been published in China than
those in Western countries'®. Furthermore, previous
studies have only discussed the relationship between
smoking and HRQOL in specific populations in terms
of disease, lifestyle, and demographic factors'*'>, but
studies on the general population are lacking. In
addition, most studies have just explored the effects of
individual emotions, such as depression, on smoking
and HRQOL', and have not fully explored the overall
impact of a group of NEs. Thus, the associations
between smoking, NEs, and HRQOL should be
investigated in the general Chinese population.

This study aimed to investigate the association
between smoking and HRQOL in the Chinese
population and to determine the mediating role of
NEs (depression, anxiety, and perceived stress) using
a multiple mediation model (Figure 1). Based on
previous findings, we hypothesized that: 1) smoking
is negatively correlated with HRQOL; and 2) the
three NE variables play an intermediary role in the
relationship between smoking and HRQOL.

METHODS

Participants and survey design

The data for this study were obtained from a cross-
sectional survey of Chinese residents. The survey was
conducted from 20 June to 31 August 2022 involving 23
provinces, 5 autonomous regions, and 4 municipalities
in mainland China. In total, 148 cities were extracted
using a random number table. From each province or
autonomous region, we included the provincial capitals
and 2-6 cities of different sizes. In total, 202 districts,
390 towns/streets, and 780 communities/villages were
selected using stratified and quota sampling. Potential
participants were contacted via phone or face-to-face by
investigators. To ensure the effective implementation
of the survey, investigators were publicly recruited in
each city and strictly trained, including standardized
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Figure 1. Multiple parallel mediating hypothesis model of smoking, negative emotions (NEs), and health-

related quality of life (HRQOL)
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processes and anticipating unforeseen circumstances,
to respond to the survey. The online questionnaire was
implemented using Wenjuanxing (a professional online

questionnaire survey platform, https://www.wjx.cn/)
and shared with participants in face-to-face sessions.
In total, 23414 questionnaire responses were
collected. After identifying and deleting duplicate
values, missing values, and outliers with logical
problems, 21916 samples were obtained, an effective
response rate of 93.6%. The inclusion criteria were
as follows: 1) age >12 years, 2) Chinese nationality,
3) Chinese residence (annual travel time <1 month),
4) voluntary participation in the study, with informed
consent, 5) completion of the online questionnaire
survey either alone or with the help of the trained
investigators; and 6) comprehension of each item
in the questionnaire. Exclusion criteria were: 1)
participants who were diagnosed or self-reported
with mental disorders, 2) cognitive impairment; and
3) participation in other similar research topics.
Ethical approval was obtained from the Ethics
Committee of Peking University. Before participation,

the investigators clearly stated the purpose and
content of the study. After obtaining informed
consent, the participants were able to answer the
questionnaire and had the right to withdraw their
consent at any time. The data of all participants were
anonymized for further analysis.

Measurements

Health

HRQOL in this study was measured using the Chinese
version of European Quality of Life-5 Dimensions
(EQ-5D-5L) questionnaire'’, which consists of two
parts: a health questionnaire and utility conversion
value. The health questionnaire consists of the EQ-5D
descriptive system and the European Quality-Visual
Analogue Scale (EQ-VAS). The EQ-5D descriptive
system comprises five dimensions: mobility, self-
care, usual activities, pain/discomfort, and anxiety/
depression'®. The EQ-VAS is a standard, vertical, 20
cm visual analogue scale. The scale ranges from 100
(the best health state one can imagine) to 0 (the worst
health one can imagine)'. Cronbach’s coefficient for
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this scale in this study was 0.624.

The intermediate variables in this study include
anxiety and depression, partially overlapping with the
five dimensions of the descriptive EQ-5D system. The
EQ-5D health index converts the five-dimensional
measurements into a single index value and uses it as a
dependent variable. Although both the EQ-5D health
index and EQ-VAS are measures of overall health, the
former estimates the value of a respondent’s health
from the perspective of the general public, whereas
the latter takes the perspective of the respondent'*!”.
Therefore, this study used the EQ-VAS score as
the dependent variable, which can directly obtain
information on the subjective perception of a
participant’s health status at that time.

Smoking

Participants were asked: ‘Do you have a habit of
smoking?’. Response options were: ‘yes’, ‘have quit
smoking’ or ‘no’. Based on this question, smoking
status was dummy-coded as: 1) smoking (participants
who smoked); or 2) non-smoking (participants who
had never smoked or had quit smoking).

Negative emotions

In a study of NEs and quality of life in Chinese
adolescents, Geng et al.? demonstrated that
depression, anxiety and perceived stress combined,
are associated with lower quality of life. To examine
the magnitude of the mediating effects of depression,
anxiety, and stress on NEs, the following three
separate scales were used for testing.

Perceived stress

The Perceived Stress Scale (PSS)-4 was developed by
Cohen et al.*' to measure an individual’s perceived
stress, ability to cope with it, and related coping
characteristics. It is rated on a 5-point Likert scale
from O to 4 for each item, ranging from ‘never’ to
‘always’, with questions 1 and 4 being positively
assigned and questions 2 and 3 being negatively
assigned. A higher total score on the scale indicates a
higher perception of stress. Cronbach’s a coefficient
for this scale in this study was 0.826.

Anxiety
The Generalized Anxiety Disorder (GAD)-7 is a brief
self-rating scale of anxiety symptoms developed by
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Spitzer et al.??, based on the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV)
diagnostic criteria in the United States. GAD-7 has
seven items, each rated on a 4-point scale, from 0
to 3, with the total score being the main statistical
indicator. A higher score corroborated with more
severe anxiety. A total score of 0-4 indicates no
clinically significant anxiety, 5-9 indicates mild
anxiety, 10-14 indicates moderate anxiety, and >15
indicates severe anxiety. The maximum sensitivity
and specificity were obtained when a score of 10 was
obtained. Cronbach’s a coefficient for this scale in this
study was 0.942.

Depression

The Patient Health Questionnaire (PHQ)-9 is a brief and
validated self-assessment scale of depressive status based
on the nine items of the DSM-IV diagnostic criteria
and is used to rate the severity of the respondent’s
depressive status. It consists of nine items, with each
item’s response consisting of four options: ‘not at all’,
‘a few days’, ‘more than half of the days’, and ‘almost
every day’, with scores of 0, 1, 2, and 3, respectively.
The maximum total score is 27. A total score of >5 on
the assessment was considered positive, indicating the
possible presence of depressive mood, with scores of
5-9 deemed likely to have mild depression, 10-14 likely
to have moderate depression, and 15-27 likely to have
severe depression®. In the present study, Cronbach’s a
coefficient for this scale was 0.921.

Sociodemographic variables

Factors potentially influencing HRQOL were
identified from the literature®'*. The demographic
characteristics included sex, age, residence (urban,
rural), occupational status (student, work, and
retired/unemployed), education level (primary school
and below, junior high school, senior high school, and
undergraduate and above), and monthly household
income (£2000; 2001-5000; and >5001 RMB).
Lifestyle factors incorporated drinking status (whether
or not alcohol was consumed) and the presence or
absence of self-reported chronic conditions, including
hypertension, coronary heart disease, and stroke.

Statistical analysis
All statistical analyses were performed using IBM
SPSS Statistics version 24 (IBM Corp., Armonk,
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NY, USA). All statistical tests were two tailed. Data
normality was assessed using the Kolmogorov-
Smirnov normality test. Statistical descriptive data
included mean and standard deviation, and frequency
and percentage. The t-test was used for continuous
variables, and the chi-squared test or Kruskal-Wallis
one-way ANOVA were used for categorical variables
to compare the differences between smokers and
non-smokers. In the subsequent hypothesis test,
collinearity test results were first used to ensure that
the expansion factor of the variable did not exceed
10, indicating no collinearity between variables.
Moreover, the Harman single-factor test was used to
assess the common method bias. The results showed
that the first factor without rotation was 35.8%,
which is less than the standard boundary value of
40%, suggesting no serious common method bias*.
Pearson’s correlation coefficient and the eta (1)
coefficient were used to evaluate correlations between
HRQOL, NEs (depression, anxiety, and stress), and
smoking status.

We used a multiple parallel mediation model to
assess the effect of smoking (binary variable) on
HRQOL (continuous variable), and the mediating role
of NE (continuous variable). Because the independent
variable was binary, the relative mediation analysis
method proposed by Hayes and Preacher was used®.
The relative mediating effect was further tested by
bootstrap repeated sampling using the PROCESS
macro of SPSS. The bootstrap test resamples the
population data with replacements for the same
number of n data points, and this procedure is
repeated for k samples. The recommended sampling
size is k=5000. Bias-corrected and accelerated
bootstrap confidence intervals (95% BCa Cls)
were used to correct for bias and skewness. It was
considered statistically significant if the confidence
interval did not include the value O for the indirect
effect of smoking on HRQOL'. Finally, we obtained
the total, direct, and indirect mediating effects of each
variable. We established five equations to estimate the
impact of smoking on HRQOL.:

Y=i+cX+e

M=iM+aX+eM,

M,=iM,+ a, X+ eM,

M,=iM,+ aX+ eM,

Y=iY+cX+bM +bM+bM+eY

where Y represents HRQOL, X smoking, M,
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depression, M, anxiety, M, perceived stress, c the total
effect of X on Y, ¢’ the direct effect of X on Y, a the
effect of X on M. (i = 1 to 3), b, the total effect of M,
on Y (i =1 to 3), I the intercept, and e the error.

RESULTS

Characteristics of the participants

Table 1 shows the basic characteristics of the 21916
participants. The total sample was balanced between
men and women (50.0% each), with 15188 (69.3%)
urban and 6728 (30.7%) rural participants, and
an average age of 39.43 + 18.85 years, making the
sample representative.

Among the participants, 3010 (13.7%) were
smokers and 18906 (86.3%) were non-smokers. The
smokers had a significant sex bias, with the majority
being men (90.1%). The mean age of smokers
was 44.29 years, which was higher than that of all
participants (39.43 years) and non-smokers (38.65
years; p<0.001). Compared to non-smokers, smokers
had a significantly lower education level (p<0.001),
with more than half having a lower secondary
education level or less. In addition, compared to non-
smokers, smokers were more inclined to be retired/
unemployed and belong to rural populations and low-
to middle-income households. Additionally, smoking
was often accompanied by alcohol consumption and
a high percentage of chronic diseases (all p<0.05).
In terms of NEs, smokers scored higher than non-
smokers in all dimensions, with depression (p<0.001)
and anxiety (p=0.002) being significantly different
between the two groups. The mean EQ-VAS score
for the total sample was 73.42, with smokers having
a lower EQ-VAS score (71.70; p<0.001) than non-
smokers (73.69). Overall, the health status of smokers
differed from that of non-smokers.

Relationships between smoking, NEs, and
HRQOL: Correlation analysis

As smoking was a binary variable, the n coefficient
was determined to analyze the correlations of smoking
with HRQOL and NEs. Because HRQOL and NEs
were continuous variables, Pearson’s correlation
analysis was used.

Table 2 shows the correlation coefficients
between smoking, NEs, and the EQ-VAS score of
the HRQOL. Smoking was weakly associated with
HRQOL (1n=0.032). As shown in Table 1, non-
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Table 1. The characteristics of the study participants in China, June—August 2022 (N=21916)

Sex

Male 10958 (50.0)
Female 10958 (50.0)
Age (years), mean + SD 39.43 + 18.85
Employment status

Student 6580 (30.0)
Employed 7601 (34.7)
Retired/unemployed 7735 (35.3)
Residence (last three months)

Urban 15188 (69.3)
Rural 6728 (30.7)
Education level

Primary school and lower 3412 (15.6)
Junior high school 4739 (21.6)
Senior high school 6512 (29.7)
Undergraduate and higher 7253 (33.1)
Monthly household income (RMB)

<2000 3847 (17.6)
2001-5000 10037 (45.8)
25001 8032 (36.6)
Chronic

No 16412 (74.9)
Yes 5504 (25.1)
Drinking status

No 17362 (79.2)
Yes 4554 (20.8)
Negative emotions Mean + SD
Perceived stress 6.55 + 2.54
Depression 7.31 + 6.23
Anxiety 472 + 4.64
EQ-VAS 73.42 + 21.58

2711 (90.1)
299 (9.9)
44.29 + 16.83

393 (13.1)
1330 (44.2)
1287 (42.8)

1959 (65.1)
1051 (34.9)

538 (17.9)
808 (26.8)
953 (31.7)
711 (23.6)

618 (20.5)
1309 (43.5)
1083 (36.0)

2196 (73.0)
814 (27.0)

1382 (45.9)
1628 (54.1)
Mean + SD
6.56 + 2.52
7.98 + 6.60
5.09 + 4.90
71.70 + 23.08

EQ-VAS: European Quality-Visual Analogue Scale. RMB: 1000 Chinese Renminbi about US$140.

smokers had a higher HRQOL score than smokers.
Among the NE parameters, the scores for depression
(n=0.043) and anxiety (n=0.032) were also related
to smoking. Combined with the data in Table 1,
these findings indicate that smoking is associated
with higher levels of depression and anxiety than
non-smoking. However, no significant association

was found between perceived stress and smoking
in the correlation analysis (1=0.002). In addition,
perceived stress (r= -0.296, p<0.001), depression
(r=-0.298, p<0.001), and anxiety (r= -0.291,
p<0.001) were negatively associated with HRQOL

SCores.

8247 (43.6)
10659 (56.4)
38.65 + 19.04

6187 (32.7)
6271 (33.2)
6448 (34.1)

13229 (70.0)
5677 (30.0)

2874 (15.2)
3931 (20.8)
5559 (29.4)
6542 (34.6)

3229 (17.1)
8728 (46.2)
6949 (36.8)

14216 (75.2)
4690 (24.8)

15980 (84.5)
2926 (15.5)
Mean + SD

6.55 + 2.58

7.20 + 6.61

4.66 + 4.60
73.69 + 21.32

Tobacco Induced Diseases

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

0.009

<0.001

0.287
<0.001
0.002
<0.001

Results of the mediation effect analysis
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Table 2. Correlation among variables of the study participants in China from June to August 2022 (N=21916)

EQ-VAS 1

Perceived stress -0.296™ 1
Depression -0.298™ 0.440™
Anxiety -0.291™ 0.472™
Smoking 0.032™ 0.002

EQ-VAS: European Quality-Visual Analogue Scale. **p<0.001.

0.822™ 1
0.043™ 0.032™ 1

Table 3. Regression coefficients, standard errors, and model summary information for the parallel multiple
mediator model among the study participants in China (N=21916)

X (Ref. non-smoking) € -0.932 a,
M1

MZ

Constant i 78.036™ iM,
Model fit R? 0.1003™

*p<0.05, **p<0.001.

This study followed a four-step procedure to examine
the mediating role of NEs on the association between
smoking and HRQOL. The following condition was
required: significant association between: 1) smoking
and HRQOL, 2) smoking and NEs; 3) NEs and
HRQOL; and 4) a significant indirect path coefficient
of smoking influencing HRQOL through NEs.
Satisfaction of the latter condition can be determined
using the bias-corrected perceptual bootstrap method.
As there was no significant association between stress
and smoking (Tables 1 and 2), in the mediation
analysis, we only studied the effects of the NE
parameters depression and anxiety on the relationship
between smoking and HRQOL. Sex, age, education
level, monthly household income, urban and rural
residence, chronic diseases, and alcohol use were
included as covariates in all analyses.

The settings of all regression models in the
mediation analysis are shown in Table 3, and the
path coefficients of the multiple mediation models
are shown in Figure 2. The relative regression results
showed that compared to not smoking, smoking had
a negative effect on HRQOL (= -0.932, p<0.001)
and could significantly predict depression ($=0.703,

0.703™ a, 0.413" ¢ -0.192
b, -0.656™
b, -0.678"

5.661" iM, 3.544" iy 84.150"

0.143" 0.129™ 0.332"

p<0.001) and anxiety (f=0.413, p<0.001). When
depression and anxiety were controlled for, smoking
had no significant predictive effect on HRQOL
compared with not smoking (f=-0.191, p=0.665),
which means that more severe depression and anxiety
are related to poor HRQOL. Likewise, when smoking
status was controlled for, depression (B= -0.656,
p<0.001) and anxiety (B=-0.678, p<0.001) had effects
on HRQOL. These results showed that NEs play a
mediating role in the influence of smoking on HRQOL.

Total, direct, and indirect effects of smoking on
health

Table 4 summarizes the total, direct, and indirect
effects of smoking on HRQOL through NEs
(depression and anxiety). The 95% BCa CI of the
overall total effect was [f=-0.932 (-1.846 — 0.019)],
excluding 0; that is, smoking was associated with
poor HRQOL. The bootstrap CI of the overall direct
effect was [f=-0.192 (-1.058-0.675)], including
0, indicating that smoking had no direct influence
on HRQOL after adjusting for other variables. The
bootstrap CI of the overall mediating effect of NEs
was [B= -0.740 (-1.062 - -0.427)], excluding 0;
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Figure 2. Path coefficients corresponding to unstandardized parameter estimates. *p<0.05, **¥p<0.001T o
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Table 4. Total, total indirect, specific indirect, and direct effects of the multiple mediator model among the

study participants in China (N=21916)

Total -0.932 0.467 (-1.846 - -0.019)

Direct -0.192 0.442 (-1.058 - 0.675)

Total indirect -0.740 0.163 (-1.062 - -0.427) 79.4
Specific indirect

Depression -0.461 0.101 (-0.664 - -0.268) 495
Anxiety -0.279 0.076 (-0.435 - -0.138) 29.9

All control variables were included. Boot S.E.: bootstrap standard error. Boot (95% Cl): bootstrap 95% confidence interval; |a,b,/c|: proportion of relative mediation effect.

that is, smoking was related to poor HRQOL through
a higher level of NE, with a mediating effect of 79.4%.
Specifically, depression [=-0.461 (-0.664 - -0.268)|
and anxiety [B= -0.279 (-0.435 - -0.138)] had
significant relative mediating effects on the influence
of smoking on HRQOL, and they played a complete
mediating role, with the relative mediating effects
of depression and anxiety accounting for 49.5% and

29.9%, respectively.
DISCUSSION

our knowledge, this is the first study focusing on
psychological parameters involved in the relationship
between smoking and HRQOL in the general Chinese
population. In this national population-based study,
we assessed the differences between smokers and non-
smokers using descriptive statistics, and investigated
the association between smoking and HRQOL, as
well as the mediating role of NEs in this association.
Smoking status, depression, anxiety, and HRQOL were
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correlated. Regression analysis showed that smoking
was associated with higher depression and anxiety
levels than not smoking, and higher depression and
anxiety levels were associated with poorer HRQOL.
The results of the mediating effect analysis indicated
that smokers were affected more by anxiety and
depression than non-smokers in terms of HRQOL.
This verified hypothesis 1 that smoking is negatively
correlated with HRQOL. Despite using different tools
to measure HRQOL, previous surveys in different

countries'**® agreed that smoking was associated with

poor HQROL. The HRQOL of Chinese smokers was
significantly lower than that of the general population,
similar to the results of a previous national survey*’.
This may be because smokers experience obstacles
in mental health, thereby affecting their subjective
assessment of HRQOL, whereas ex-smokers or
never smokers are superior regarding emotional
and mental health®®. Therefore, our study focused
on HRQOL differences between smokers and non-
smokers in China and the psychological mechanisms
influencing HRQOL, which is of great significance
in strengthening the social attention to the health of
smokers and improvement of HRQOL in smokers.

Similar to the findings of previous studies, smoking
was associated with higher levels of depression and
anxiety’. Because of long-term smoking, nicotine
causes changes in neurotransmitters in the brain that
affect mood*’. Smoking can also lead to a disorder of
the hypothalamus-pituitary-adrenal system and high
levels of secreted cortisol, resulting in dysfunction of
the neurobiological system, leading to depression and
anxiety®. Although we also included perceived stress
as an NE parameter in hypothesis 2, the results showed
no significant correlation between smoking and stress.
The relationship between smoking and stress remains
controversial as some studies suggest that smoking is
closely related to stress, whereas others suggest that
there is no significant relationship between these
factors®!. Thus, the interaction mechanism between
smoking and stress may be complex, and further
longitudinal studies are needed to explore its causal
relationship.

In the present study, depression and anxiety were
associated with lower HRQOL. Previous studies
in subgroups such as chronically ill** and elderly*’
populations have explained the association between
mental disorders and low HRQOL, and these findings
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are consistent with the results of our current research.
Our study provides new evidence for this relationship
in a general population and in smokers in a national
sample, and may help to better understand the
psychological determinants of improving HRQOL.

Through bootstrap mediation analysis, we also
partially verified hypothesis 2 proposed in this study
that the NE factors depression and anxiety play an
indirect role in the association between smoking and
HRQOL. The results showed that smokers had higher
levels of depression and anxiety than non-smokers,
adversely affecting their HRQOL. Depression and
anxiety, respectively, mediated 49.5% and 29.9% of
the differences in smoking and health status. After
adjusting for control variables and depression and
anxiety scores, the direct link between smoking and
HRQOL disappeared, indicating that depression and
anxiety played a mediating role. This is similar to
the findings reported by Milic et al.'® where, after
adjusting for depression scores, the association
between smoking and HRQOL disappeared. This
emphasizes that depression and anxiety play key roles
in the relationship between smoking and HRQOL.
Smoking cessation measures can effectively improve
mental health, and mental healthcare may reduce
the incidence or prevalence of smoking. However,
additional investigations are required to establish
the temporal association between mental health and
smoking.

Limitations

This study has several limitations. First, it was based on
cross-sectional data. The results can only demonstrate
association but cannot establish a causal relationship.
Prospective studies are needed to compare smoking
status, NEs, and HRQOL. Second, smoking, stress,
depression, anxiety, and HRQOL were measured
by self-administered questionnaires, and the results
may be affected by self-report and social expectation
biases. Third, NEs mainly involve the study of
depression, anxiety, and perceived stress, but there
is a lack of awareness of other NEs, such as anger,
loneliness, and panic. Future research should focus
on including these emotions. Fourth, according to a
question raised by Baron and Kenny?*, the feedback
effect between variables leads to simultaneity bias, that
is, the two-way causal problem. For example, although
we propose that smoking predicts occurrence of NEs,
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people smoke to reduce their NEs*. Finally, although
we adjusted for control variables in the study, there
may still be unmeasured confounding factors (such
as lifestyle and demographic variables). Thus, it
cannot be determined if the observed or unobserved
effects are related to the measured variables or the
unobserved factors.

Implications

First, our results provide deeper insight into the
relationship between smoking and HRQOL from a
psychological perspective. From an academic point
of view, we suggest that studies of substance abuse
should be combined with those of mental health, which
may help to provide additional insight for improving
the health status of smokers. Second, future research
needs to include large-scale longitudinal studies to
determine the causal relationships between smoking,
NEs, and HRQOL, to provide more information on
internal connections. Third, from a practical point of
view, we suggest that professionals, such as public
health institutions, policymakers, and community
personnel, pay more attention to the HRQOL of
smokers and their psychological impact mechanism, to
inform both smokers and non-smokers of the impact
of smoking on HRQOL. In addition, when formulating
health policies and carrying out smoking cessation
campaigns, attention should be paid to smokers and
people with high NE levels. Improvements in mental
health and smoking prevention should be combined
to create a healthier social environment. In addition,
access to such information also has the potential to
help smokers take proactive measures to improve

their HRQOL.

CONCLUSIONS

We found that HRQOL (EQ-VAS score) was
significantly lower in smokers than in non-smokers
in the Chinese population and that smoking was
associated with higher NEs (depression and anxiety).
According to the mediator effect analysis, depression
and anxiety play key roles in the association between
smoking and HRQOL. This suggests that smokers
have higher levels of depression and anxiety than
non-smokers, which leads to lower HRQOL. This
finding reveals the relationship between NEs in
smoking and HRQOL, emphasizes the role of mental
health in smoking and HRQOL, and provides new

Tobacco Induced Diseases

perspectives for smoking cessation campaigns and
HRQOL improvement for the Chinese smoking
population.

REFERENCES

1. Eriksen M, Mackay J, Schluger N, Gomeshtapeh FI, Drope
J. The Tobacco Atlas. 5th ed. American Gancer Society;
2015.

Liu Z, Li YH, Cui ZY, et al. Prevalence of tobacco
dependence and associated factors in China: findings
from nationwide China Health Literacy Survey during
2018-19. Lancet Reg Health West Pac. 2022;24:100464.
do0i:10.1016/j.lanwpc.2022.100464

World Health Organization. Smoke-free Policies in

China: Evidence of Effectiveness and Implications for
Action. Accessed April 22, 2023. https://iris.who.int/
bitstream/handle/10665/208244/9789290617297 eng.
pdf?sequence=1&isAllowed=y

Cui Y, Forget EL, Torabi M, Oguzoglu U, Ohinmaa A, Zhu
Y. Health-related quality of life and economic burden

to smoking behaviour among Canadians. Can J Public
Health. 2019;110(5):533-541. doi:10.17269/s41997-
019-00244-x

Kahraman T, Ozdogar AT, Abasiyanik Z, Ozakbas S;
Multiple Sclerosis Research Group. Associations between

smoking and walking, fatigue, depression, and health-
related quality of life in persons with multiple sclerosis.
Acta Neurol Belg. 2021;121(5):1199-1206. doi:10.1007/
s13760-020-01341-2

Xia C, Zheng R, Zeng H, et al. Provincial-level cancer

burden attributable to active and second-hand smoking
in China. Tob Control. 2018;28:669-675. doi:10.1136/
tobaccocontrol-2018-054583

Vong V, Simpson-Yap S, Phaiju S, et al. The association

between tobacco smoking and depression and anxiety
in people with multiple sclerosis: a systematic review.
Mult Scler Relat Disord. 2023;70:104501. doi:10.1016/].
msard.2023.104501

Dai WZ, Zhang W, Li DP, Yu CF, Wen C. Relationship
between stressful life events and problem behaviors in

adolescents: effects of gratitude and intentional self-
regulation. Chinese Journal of Clinical Psychology.
2010;(6):796-801.
An R, Xiang X. Smoking, heavy drinking, and depression
among U.S. middle-aged and older adults. Prev Med.
2015;81:295-302. d0i:10.1016/].ypmed.2015.09.026
Bashkireva AS, Bogdanova DY, Bilyk AY, Shishko AV,
Kachan EY, Arutyunov VA. Quality of life and physical
activity among elderly and old people. Advances
in Gerontology. 2019;9:224-231. doi:10.1134/
S2079057019020048
. Henry JD, Crawford JR. The short-form version of the
Depression Anxiety Stress Scales (DASS-21): construct

10.

11

validity and normative data in a large non-clinical

Tob. Induc. Dis. 2023;21(October):135
https://doi.org/10.18332/tid/171355

10


https://doi.org/10.18332/tid/171355

Research Paper

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

sample. Br J Clin Psychol. 2005;44(Pt 2):227-239.
doi:10.1348/014466505X29657
Joseph S, Pascale S, Georges K, Mirna W. Cigarette and

waterpipe smoking decrease respiratory quality of life in
adults: results from a national cross-sectional study. Pulm
Med. 2012;2012:868294. do0i:10.1155/2012/868294

de Lossada A, Rejas J. Health-related quality-of-life in the
smoking general population of Spain: an approach from

the National Health Survey. Article in Spanish. Semergen.
2016;42(7):431-439. doi:10.1016/j.semerg.2015.09.003
Cheng X, Jin C. The association between smoking and

health-related quality of life among Chinese individuals
aged 40 years and older: a cross-sectional study.
Front Public Health. 2022;10:779789. do0i:10.3389/
fpubh.2022.779789

Chan KH, Wright N, Xiao D, et al; China Kadoorie
Biobank Collaborative Group. Tobacco smoking and risks

of more than 470 diseases in China: a prospective cohort
study. Lancet Public Health. 2022;7(12):e1014-¢1026.
doi:10.1016/52468-2667(22)00227-4

Milic M, Gazibara T, Pekmezovic T, Kisic Tepavcevic D,
Maric G, Popovic A, Stevanovic J, Patil KH, Levine H.
Tobacco smoking and health-related quality of life among

university students: mediating effect of depression.
PLoS One. 2020;15(1):€0227042. doi:10.1371/journal.
pone.0227042

Luo N, Li M, Liu GG, Lloyd A, de Charro F, Herdman M.
Developing the Chinese version of the new 5-level EQ-5D
descriptive system: the response scaling approach. Qual
Life Res. 2013;22(4):885-890. doi:10.1007/s11136-012-
0200-0

Clinicaltrials.gov. Evaluate Safety/Tolerability in

Portuguese Participants With RRMS Transitioning From
Current Therapy (PLENO). Accessed November 25,
2020. https://clinicaltrials.gov/ct2/show/NCT03177083

24.

25.

26.

27.

28.

29.

30.

31.

Tobacco Induced Diseases

Podsakoff PM, MacKenzie SB, Lee JY, Podsakoff NP.
Common method biases in behavioral research: a critical
review of the literature and recommended remedies. J
Appl Psychol. 2003;88(5):879-903. doi:10.1037/0021-
Hayes AF, Preacher KJ. Statistical mediation analysis with
a multicategorical independent variable. Br J Math Stat
Psychol. 2014;67(3):451-470. doi:10.1111/bmsp.12028
Jing Z, Li J, Wang Y, et al. Association of smoking status

and health-related quality of life: difference among young,
middle-aged, and older adults in Shandong, China. Qual
Life Res. 2021;30(2):521-530. do0i:10.1007/s11136-020-
02645-9

Zou S, Feng G, Li D, et al. Lifestyles and health-related
quality of life in Chinese people: a national family study.
BMC Public Health. 2022;22(1):2208. doi:10.1186/
$12889-022-14680-x

Toghianifar N, Najafian J, Pooya A, et al. Association of

smoking status with quality of life in a cross-sectional
population-based sample of Iranian adults: Isfahan
Healthy Heart Program. Asia Pac J Public Health.
2012;24(5):786-794. doi:10.1177/1010539511403800
Melamed OC, Walsh SD, Shulman S. Smoking behavior
and symptoms of depression and anxiety among young

adult backpackers: results from a short longitudinal study.
Scand J Psychol. 2021;62(2):211-216. doi:10.1111/
sjop.12699

Beal SJ, Negriff S, Dorn LD, Pabst S, Schulenberg
J. Longitudinal associations between smoking and
depressive symptoms among adolescent girls. Prev Sci.
2014;15(4):506-515. doi:10.1007/s11121-013-0402-x
Gilbert DG, Gilbert BO. Personality, psychopathology, and
nicotine response as mediators of the genetics of smoking.
Behav Genet. 1995;25(2):133-147. doi:10.1007/
BF02196923

Cheng LJ, Tan RL, Luo N. Measurement properties of the
EQ VAS around the globe: a systematic review and meta-
regression analysis. Value Health. 2021;24(8):1223-1233.
doi:10.1016/j.jval.2021.02.003

Geng Y, Gu J, Zhu X, et al. Negative emotions and

quality of life among adolescents: a moderated mediation
model. Int J Clin Health Psychol. 2020;20(2):118-125.
d0i:10.1016/j.ijchp.2020.02.001

Cohen S, Kamarck T, Mermelstein R. A global measure
of perceived stress. ] Health Soc Behav. 1983;24(4):385-
396. doi:10.2307/2136404

Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief
measure for assessing generalized anxiety disorder: the
GAD-7. Arch Intern Med. 2006;166(10):1092-1097.
do0i:10.1001 /archinte.166.10.1092

Beswick E, Quigley S, Macdonald P, et al. The Patient
Health QWuestionnaire (PHQ-9) as a tool to screen for
depression in people with multiple sclerosis: a cross-
sectional validation study. BMC Psychol. 2022;10(1):281.
doi:10.1186/s40359-022-00949-8

32.

33.

34.

35.

Liu X, Haagsma J, Sijbrands E, Buijks H, Boogaard L,
Mackenbach JP, et al. Anxiety and depression in diabetes
care: longitudinal associations with health-related quality
of life. Sci Rep. 2020;10(1):8307. d0i:10.1038/s41598-
020-57647-x

Sivertsen H, Bjorklef GH, Engedal K, Selbzk G, Helvik
AS. Depression and quality of life in older persons: a
review. Dement Geriatr Cogn Disord. 2015;40(5-6):311-
339. doi:10.1159/000437299

Baron RM, Kenny DA. The moderator-mediator variable

distinction in social psychological research: conceptual,
strategic, and statistical considerations. J Pers Soc
Psychol. 1986;51(6):1173-1182. doi:10.1037//0022-
3514.51.6.1173

Kassel JD, Stroud LR, Paronis CA. Smoking, stress, and
negative affect: correlation, causation, and context across
stages of smoking. Psychol Bull. 2003;129(2):270-304.
doi:10.1037/0033-2909.129.2.270

Tob. Induc. Dis. 2023;21(October):135
https://doi.org/10.18332/tid/171355

11


https://doi.org/10.18332/tid/171355

Research Paper

Tob. Induc. Dis. 2023

Tobacco Induced Diseases

ACKNOWLEDGEMENTS
We are grateful for the investigators and participants’ effort in the
questionnaire data collection process.

CONFLICTS OF INTEREST

The authors have each completed and submitted an ICMJE form for
disclosure of potential conflicts of interest. The authors declare that
they have no competing interests, financial or otherwise, related to
the current work. All the authors report that since the initial planning
of the work this study was supported from National Natural Science
Foundation of China (72204107), The Medical Scientific Research
Foundation of Guangdong Province (A2023125) and the Plan on
enhancing scientific research in GMU.

FUNDING
This work was supported by National Natural Science Foundation of
China (proposal number 72204107).

ETHICAL APPROVAL AND INFORMED CONSENT

Ethical approval was obtained from the Ethics Committee of Peking
University (Approval number: JKWJ-2022-02; Date: 1 May 2022).
Participants provided informed consent.

DATA AVAILABILITY
The data supporting this research are available from the authors on
reasonable request.

AUTHORS' CONTRIBUTIONS

Study conception and design: ZL and WX. Analysis: ZL. Data
interpretation: SJ, QZ, SL, HZ and XY. Drafting: WX, LL and YG. Critical
revision: ZL and WX. All authors read and approved the final manuscript.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.

:21(October):135

https://doi.org/10.18332/tid/171355

12


https://doi.org/10.18332/tid/171355

