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Associations of clinical,
psychological, and socioeconomic
characteristics with nicotine
dependence in smokers

Yun Su Sim*, Seunghee Yoo?, Kang-Sook Lee?, Chin Kook Rhee* & Young Kyoon Kim***

Cigarette smoking is a risk factor of mortality and morbidity from various cancerous, respiratory, and
myocardial diseases. Nicotine dependence is assessed based on the degree of physical dependence.
We aimed to determine the clinical, socioeconomic and psychological factors associated with the
smoking status and degree of nicotine dependence of smokers. From April 2009 to September 2010,
we retrospectively collected data from 17,577 subjects aged =18 years who had undergone a general
health examination at a health promotion center. The instruments used included the Fagerstrom
Tolerance Questionnaire (FTQ), Beck Depression Inventory (BDI), State-Trait Anxiety Inventory (STAI),
Stress Response Inventory (SRI), and Alcohol Use Disorder Identification Test (AUDIT). Of the current
smokers (N=3946), 2345 (59%), 1154 (29%), and 447 (12%) had low, moderate, and high nicotine
dependence, respectively. In multiple logistic analysis, predictors of high nicotine dependence were
male sex (odds ratio [OR] 3.705, 95% confidence interval [CI] 1.997-6.945), older age (=65 years) (OR
1.016, 95% ClI 1.004-1.029), higher body mass index (BMI) (OR 1.048, 95% Cl 1.018-1.078), diabetes
(OR 1.870, 95% Cl 1.251-2.794), single marital status (OR 1.575, 95% Cl 1.186-2.092), lower education
level (OR 1.887, 95% Cl 1.463-2.433), and a higher stress level (OR 1.018, 95% CI 1.997-6.945). Thus,
clinical, psychological, socioeconomic status including male, older age, higher BMI, diabetes, single
marital status, lower education, and higher stress should be taken into consideration by promoting
smoking cessation.

Cigarette smoking is a major risk factor for mortality and morbidity, including from head and neck cancer,
lung cancer, chronic obstructive pulmonary disease (COPD), and myocardial disease®%. Smoking cessation is
important for prevention of these smoking-related diseases. Unfortunately, stopping smoking is difficult due to
nicotine dependence®. Nicotine is a psychoactive substance that affects memory, attention and performance,
regulates stress responses and stabilizes mood*.

The relations between nicotine and mental health including depression, anxiety, stress, and alcohol depend-
ence can be explained from various perspectives* 1°. Depression, anxiety, and stress, can be partially relieved
by a variety of neurotransmitters released after stimulation of nicotinic cholinergic receptors*. One of them,
dopamine, signals a pleasurable experience and is critical for the reinforcing effects of nicotine'!. These effects
are increasing dependence and withdrawal symptoms of nicotine* ¢, The self-medication hypothesis suggests that
people with psychiatric problem smoke to relieve or restore neurocognitive deficits and symptoms®®. Chronic use
of nicotine might cause or exacerbate mental health problems”® !2. Systematic review for change in mental health
after smoking cessation showed that Anxiety, depression, mixed anxiety and depression, and stress significantly
decreased between baseline and follow-up in quitters compared with continuing smokers®. The apparent relaxant
effect of smoking only reflects the reversal of the tension and irritability that develop during nicotine depletion
in smoker with normal moods during smoking and worsening moods between cigarettes’.

Previous studies have shown that high smoking rates and nicotine dependence are associated with major
depression'*?* and anxiety'> !> 16192 alcohol dependence?, and stress?’. Nicotine dependence is assessed
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based on the degree of physical dependence to nicotine can be estimated by questionnaire®®, which is useful for
predicting the success rate of smoking cessation and provide a guide for nicotine replacement therapy®’. There-
fore, analyzing the factors related to nicotine dependence and correcting those factors will be helpful in quitting
smoking. Our study was performed to determine clinical, psychological and socioeconomic factors related to
nicotine dependence in smokers who underwent a health checkup (Supplementary Information 1).

Methods

Study subjects and design.  We retrospectively collected data from 24,579 subjects aged > 18 years who
underwent a general health examination at the Health Promotion Center of Seoul St. Mary’s Hospital, Catholic
University Hospital from April 2009 to September 2010. After excluding individuals with incomplete responses
(n=6294), and those with a cancer history (n=503) and foreign nationals (n=205), 17,577 subjects were
included in the analysis. The Health Promotion Center serves about 15,000 people annually, providing various
types of health checkups. The questionnaire survey and health examination were administered to all participants
as part of a routine checkup. A separate questionnaire was not developed for this study, and the data that were
originally being surveyed by all the examinees visiting the health examination center were analyzed retrospec-
tively. The original questionnaire and the English version have been uploaded to the supporting information file.
The Institutional Review Board of Seoul St. Mary’s Hospital approved the study protocol (KC11RISI0003). The
patient data and questionnaire used in this study were analyzed retrospectively using the questionnaire received
from the patient for the purpose of understanding health status and lifestyle guidance at the health examination
center and approved as was waived by the Institutional Review Board of Seoul St. Mary’s Hospital. Patient infor-
mation was anonymized and de-identified before analysis; therefore, requirements for informed consent were
waived. This study was conducted in accordance with the Declaration of Helsinki.

Variables and measures. For the smoking questionnaire, they were asked to choose one of the three
answers: T am currently smoking), ’I smoked in the past, but I quit, and Tam currently smoking’ Those who said
they smoked but quit were defined as ex-smokers, and those who said they were currently smoking were defined
as current smokers. Smoker was defined current smoker and ex-smoker. Current smokers were additionally
asked the age at which they started smoking, and ex-smokers were additionally asked the total period of smok-
ing, the period of quitting, and the average amount of cigarettes smoked per day.

During the health checkup, a standard questionnaire was used to obtain information on education level
(less than high school, high school graduate, college, or postgraduate), household income (<2500, 2500-5000,
5000-7500, 7500-12,000, or > 12,000 USD/month), marital status (married, never married, divorced, or wid-
owed), and history of comorbidities.

Smoking patients completed the Fagerstrom Tolerance Questionnaire (FTQ), for which a total nicotine
dependence score from 0 to 11 points is generated based on the sum of the eight questionnaire items, which are
variably weighted (mild = 0-3; moderate = 4-6; severe=7-11)%.

Depressive symptoms were assessed using the Korean version of the self-administered 21-item Beck
Depression Inventory (BDI)*. The validation of BDI in Korea showed significant positive internal consistency
(r=0.88)%".

Stress was evaluated with the Stress Response Inventory (SRI) developed by Koh et al. in 20002 The SRI
consists of 39 items assigned a score of 0-4 points, where higher scores indicate greater stress. The SRI used in this
study is an evaluation tool developed to measure the stress of Korean with internal consistency and Cronbach’s
alpha for the seven subscales ranged between 0.76-0.91 and 0.97 for the total score®2.

Anxiety symptoms were assessed with the State-Trait Anxiety Inventory (STAI), which was introduced by
Spielberger in 1970 and has been translated into Korean®. The STAI consists of two self-report scales assessing
state anxiety (unpleasant feelings and tension, with intensity levels varying according to the situation) and trait
anxiety (stable personality characteristic). In Korea, Jeong-taek Kim first adapted it in 1978%, and a standardized
study™ for a group of college students and a study®” to evaluate its application to Korea in patients with anxiety
disorders were conducted.

Alcohol dependence was evaluated using the Alcohol Use Disorder Identification Test (AUDIT), a 10-item
questionnaire developed by the World Health Organization to measure alcohol dependence, which has been
validated internationally as a tool to screen for alcohol use disorders®®. The cronbach’s alpha was 0.82 in Korea”.
The AUDIT evaluates the frequency of alcohol consumption, number of drinks per occasion, presence of addic-
tion or dependence, and interference with everyday activities. Scores are classified as follows: 1-7 low-risk con-
sumption, 8-15 hazardous or harmful alcohol consumption, 15 or more is likelihood of alcohol dependence®.

Statistical analysis. Descriptive data are expressed as the mean with standard deviation (SD), and frequen-
cies are expressed as number (%). The Chi-squared test or Fisher’s exact test was used for analyzing categorical
variables, with Student’s ¢ test and one-way ANOVA with Scheffés test used for continuous variables. Smokers’
clinical, social and psychological characteristics were compared to non-smokers and smoker using Chi-square
and ¢ tests. The Chi-square and ¢ test were also used to compare the clinical, psychological, and social charac-
teristics of non-smoker and ex-smoker. The effect size of the variables analyzed through the ¢ test was calculated
and attached to the table. ANOVA with Scheffe’s post hoc test was used to analyze clinical, psychological, and
social status according to nicotine dependence. Variables significant at p <0.05 in the univariate analysis, as well
as sex and age, were included in the multivariate analysis. Odds ratios (ORs) with 95% confidence intervals (CIs)
are reported. All p-values were two-sided, and p <0.05 was taken to indicate statistical significance.
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All participants Males Females
Non- Non- Non-

Smokers smokers Smokers smokers Smokers smokers
Variable (n=6399) (n=11,178) | p-value | Effectsize | (n=6048) (n=4774) p-value | Effectsize | (n=351) (n=6404) p-value | Effect size
Sex, male 6048 (95%) | 4774 (43%) | <0.001 - - - - - -
Age, years | 45+10 46+11 0.527 |0.10 46+10 47+11 <0.001 |0.13 40£10 45+11 <0.001 |0.44
Bodymass |, 5,3, 23.1%32 <0.001 | 0.42 24.6+3.1 244429 0.001 0.07 21.6+3.5 22.1+3.1 0.002 0.15
index, kg/m
Hypertension | 1001 (15%) | 1372 (12%) | <0.001 984 (16%) | 828 (17%) | 0.137 17 (5%) 544 (9%) 0.016
Diabetes 298 (5%) 322 (3%) <0.001 295 (5%) 206 (4%) 0.167 3(1%) 116 (2%) 0.185
fﬁ:r;tifllgf' 931 (15%) | 1536(14%) 0.138 799 (13%) | 603 (13%) | 0.372 132(38%) | 933(15%) | <0.001
Education,
less than high | 924 (14%) | 2577 (23%) | <0.001 811 (13%) | 632(13%) | 0.795 113 (32%) | 1945 (30%) | 0.470
school
Income,
<2500 USD/ | 718 (11%) | 1569 (14%) | <0.001 654 (11%) | 602 (13%) | 0.004 64 (18%) 967 (15%) | 0.112
month
BDI score 57456 6.5+6.4 <0.001 |0.13 54452 45+47 <0.001 |0.17 10.7+8.3 8.0+7.0 <0.001 |0.38
SRI score 2120 22421 <0.001 | 0.06 20£19 17417 <0.001 |0.16 34426 26423 <0.001 |0.39
State anxiety | 34+12 35412 <0.001 | 0.09 33+11 32+11 <0.001 |0.10 42+13 37413 <0.001 | 0.40
Trait anxiety | 34+11 35411 <0.001 |0.14 33£10 32+10 <0.001 | 0.08 41+12 37412 <0.001 |0.29
Alcohol 10£6 546 <0.001 | 0.94 10+7 816 <0.001 | 041 747 244 <0001 |121
dependence

Table 1. Clinical characteristics and mental health status of the smokers and non-smokers. BDI Beck
Depression Inventory, SRI Stress Response Inventory. Data are presented as the mean (standard deviation) or
number (%).

Results

A total of 6399 of the 17,577 patients (36%) included in the study had a history of smoking. The demographic
characteristics and mental health data of the patients are shown in Table 1. About 5% of the female subjects
had a history of smoking. Overall, the smokers had a higher body mass index (BMI). However, while the BMI
was higher in male smokers compared to male non-smokers, among the females the non-smokers had a higher
BMI. Although hypertension and diabetes appeared to be more common in smokers, there was no significant
difference between the male smokers and non-smokers, while hypertension among females was actually more
prevalent in non-smokers than in smokers. With regard to marital status, there was no difference between male
smokers and non-smokers, while female smokers were more likely to be unmarried than female non-smokers.
The results showed that, overall, non-smokers had a lower education level and lower income, although there
was no difference in income or education level according to smoking status among females. Depression, stress,
and anxiety scores were higher in non-smokers among the entire subjects while alcohol dependence was higher
among smokers than non-smoker. However, in each of the male and female groups, depression, anxiety, and
stress scores were higher in smokers than in non-smokers.

The smoker included 3946 (62%) current smokers. Ex-smokers were older and showed a higher prevalence
of hypertension than current smokers. Current smokers were more likely to be single and had a lower education
level and lower income than ex-smokers. Furthermore, current smokers had poorer mental health status than
ex-smokers, including higher levels of depression, stress, anxiety, and alcohol dependence (Table 2).

The mean FTQ score was 3.31+2.32 among current smokers. The number of current smokers with low,
moderate, and high nicotine dependence was 2345 (59%), 1154 (29%), and 447 (12%), respectively. According
to ANOVA, high nicotine dependence in smokers was associated with male sex, a higher BMI, diabetes, single
marital status, lower education level, and lower income (Table 3).

Worse mental health status was associated with a higher degree of nicotine dependence. The BDI (p <0.001),
the stress score (p <0.001), state (p <0.001), trait (p <0.001)—anxiety and alcohol score (p=0.002) were higher
with higher nicotine dependence. These results were also significant in the Schefte’s post hoc test except alcohol
dependence. Alcohol dependence showed a statistically significant difference only in the group with high nicotine
dependence and the group with low nicotine dependence (Table 3, Fig. 1).

In multiple logistic analyses, predictors of high nicotine dependence were male sex (OR 3.705, 95% CI
1.997-6.945), older age (OR 1.016, 95% CI 1.004-1.029), higher BMI (OR 1.048, 95% CI 1.018-1.078), diabetes
(OR 1.870, 95% CI 1.251-2.794), single marital status (OR 1.575, 95% CI 1.186-2.092), lower education level
(OR 1.887,95% CI 1.463-2.433), and higher stress level (OR 1.018, 95% CI 1.997-6.945) (Table 4).

Discussion

In our study, the mental health of non-smokers was lower than that of smokers. However, when comparing
non-smokers and smokers by gender by gender, smokers” mental health scores were poor in both groups. In the
smoker group, 95% of males and 5% of females were male, whereas in non-smokers, 47% of females were more
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Variable Current smoker (n=3946) | Ex-smoker (n=2453) | p-value | Effect size
Sex, male 3722 (94%) 2326 (95%) 0.394

Age, years 44+9 48+10 <0.001 0.45
Body mass index, kg/m? 24.5+3.3 24.5+3.0 0.755 | 0.01
Co-morbid conditions

Hypertension 464 (12%) 537 (22%) <0.001
Diabetes 170 (4.3%) 128 (5.2%) 0.093
Marital, status, single 699 (18%) 232 (9%) <0.001
Education, under high school 620 (16%) 304 (12%) <0.001
Income, under 2500 USD/month 485 (12%) 233 (10%) 0.001
Depression 6.1+59 5.1+£5.1 <0.001 [0.18
Stress 22+21 18+18 <0.001 |0.20
Anxiety

State-anxiety 34+12 33+12 <0.001 |0.14
Trait-anxiety 34+11 33+10 <0.001 |0.10
Alcohol dependence 11+7 9+6 <0.001 |0.27

Table 2. Clinical characteristics and mental health in smokers. Data are presented as mean with standard

deviation or number (%).

Low nicotine dependence Moderate nicotine High nicotine dependence
Variable (n=2345) dependence (n=1154) (n=447) p-value
Sex, male 2184 (93%) 1103 (96%) 435 (97%) <0.001
Age, years 44+9 44+9 45+9 0.143
Body mass index, kg/m? 24.3+3.1 24.6+3.7 25.0+3.4 <0.001
Co-morbid conditions
Hypertension 273 (12%) 142 (12%) 49 (12%) 0.727
Diabetes 78 (3%) 55 (5%) 37 (8%) <0.001
Smoking, pack year 14+6 20+8 25+7 <0.001
Marital status, single 363 (16%) 238 (21%) 98 (22%) <0.001
Education, under high school | 307 (13%) 205 (18%) 111 (25%) <0.001
Income, under 2500 USD/ 255 (11%) 158 (14%) 72 (16%) 0.002
month
Depression 5.4+53 6.8+6.2 7.8+6.9 <0.001
Stress 20+20 24+21 30£26 <0.001
Anxiety
State-anxiety 33+11 36+12 38+13 <0.001
Trait-anxiety 33+10 35+11 37+12 <0.001
Alcohol dependence 106 11+7 12+8 0.002

Table 3. Clinical characteristics and mental health according to nicotine dependence. Data are presented as
mean with standard deviation or number (%).

than 43% of males. The mental health score of women was very low compared to men in our study. Therefore,
it is considered to be a bias caused by the high ratio of females to non-smokers.

This study showed that mental health score including depression, anxiety, alcohol dependence, and stress had
statistically significant odd ratio in univariated analysis according to high nicotine dependence. In multivariated
analysis related to high nicotine dependence, only stress had a statistically significant OR value. Depression,
anxiety, and stress, can be partially relieved by nicotine®. These effects are increasing dependence and withdrawal
symptoms* %, The self-medication hypothesis suggests that people with psychiatric problem use nicotine to
relieve or restore neurocognitive deficits and symptoms® 8, However, person with high nicotine dependence have
progressively poor mental health while using nicotine chronically”® 2. Therefore, causal relationship between
high nicotine dependence and poor mental health is difficult to clearly distinguish. However, since high nicotine
dependence and stress had a statistically significant correlation in multivariate analysis in our study, assessing
the stress score in patients with high nicotine dependence can be an important reference for determining the
patient’s condition and guiding smoking cessation.

Predictors of high nicotine dependence included male sex, older age, higher BMI, diabetes, single marital
status, lower education level, and higher stress levels.
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Figure 1. Mental health according to nicotine dependence. White bars, low nicotine dependence, Grey bars,
moderate nicotine dependence, Black bars, high nicotine dependence, -, standard deviation, *p <0.05. The
depression (p <0.001), the stress score (p <0.001), state (p <0.001), trait (p <0.001)—anxiety and alcohol score
(p=0.002) were higher with higher nicotine dependence. These results were also significant in the Scheffe’s post
hoc test except alcohol dependence. Alcohol dependence showed a statistically significant difference only in the
group with high nicotine dependence and the group with low nicotine dependence.

Univariate analysis Multivariate analysis

Variable Odd ratio | 95% Confidence interval | p-value | Oddratio | 95% Confidence interval | p-value
Sex, male 2.338 1.296-4.218 0.005 | 3.705 1.977-6.945 <0.001
Age, years 1.009 0.998-1.020 0.100 | 1.016 1.004-1.029 0.009
Body mass index, kg/m? 1.048 1.020-1.077 0.001 | 1.048 1.018-1.078 0.001
Diabetes 2.284 1.564-3.335 <0.001 |1.870 1.251-2.794 0.002
Marital status, single 1.354 1.064-1.722 0.014 | 1.575 1.186-2.092 0.002
Education, under high school 1.941 1.535-2.453 <0.001 1.887 1.463-2.433 <0.001
Income, under 2500 USD/month | 1.435 1.093-1.884 0.009 1.111 0.819-1.507 0.497
Depression 1.049 1.033-1.064 <0.001 |0.999 0.975-1.023 0.926
Stress 1.018 1.014-1.022 <0.001 1.018 1.012-1.025 <0.001
Anxiety

State-anxiety 1.027 1.018-1.035 <0.001 | 1.008 0.992-1.025 0.322
Trait-anxiety 1.027 1.018-1.036 <0.001 |0.997 0.980-1.014 0.727
Alcohol dependence 1.024 1.009-1.039 0.002 | 1.013 0.998-1.028 0.098

Table 4. Predictor of high nicotine dependence.

Another risk factor of nicotine dependence in our study was males, but Breslau et al.* reported no difference

in nicotine dependence according to sex. However, Two Singaporean studies published in 2012 and 2019 showed
that nicotine dependence was higher in male*” .. In our study, nicotine dependence was higher with increasing
age, whereas in Singapore study, nicotine dependence was higher in younger age groups*>*!. The severity of
nicotine dependence in a middle-aged group (45-64 years old) was higher than in younger (<45 years) and older
age groups (= 65 years old) in another study*?. The relationship between age, gender, and nicotine dependence
requires additional research involving smokers of various races, genders, and age groups.

Nicotine dependence was more severe in smokers with a higher BMI in the present study. The study about
Mendelian randomization analyses of the effects of BMI on smoking behavior indicate that higher BMI causally
influences lifetime smoking, smoking initiation, smoking heaviness and also DNA methylation at the aryl-
hydrocarbon receptor repressor locus®. Those results suggest that there may be bidirectional causal effects
between smoking phenotypes and BMI, and that these may act in opposing directions*.

In a previous study of depression and anxiety in relation to smoking*, there was no significant difference in
nicotine dependence between non-diabetic and diabetic smokers. However, in our study, nicotine dependence
was high in diabetic patients. The study about rodent model of diabetes showed that both enhancing nicotine
reward and withdrawal implies that the strong behavioral effects of nicotine promote tobacco use in persons
with metabolic disorders, such as diabetes*”. Recent animal study suggests that TCF7L2 regulates the stimulatory
actions of nicotine on a habenula-pancreas axis that links the addictive properties of nicotine to its diabetes-
promoting actions*. Another study suggests that diabetes induces a disruption in insulin signaling that leads to
a suppression of dopamine systems in the mesolimbic reward pathway but, rewarding effects of nicotine promote
tobacco use in persons with diabetes*”. Smoking cessation is very important in diabetic patients, because the

Scientific Reports |

(2021) 11:18544 | https://doi.org/10.1038/s41598-021-97387-0 nature portfolio



www.nature.com/scientificreports/

incidence of vascular disease is higher than in non-diabetic subjects*®. Therefore, we should evaluate the nicotine
dependence and to quit smoking in smokers with diabetes.

In a previous study of nicotine dependence related to socioeconomic status and marital status*’, a low educa-
tion level was related to high nicotine dependence, but there was no difference in nicotine dependence between
subjects living without a spouse and those who were married. In the present study, nicotine dependence tended to
be higher in unmarried individuals, and in those with a lower education level. These data support the hypothesis
that nicotine dependence is stronger among smokers with a lower education level or unmarried status. Current
smokers were younger and more likely to be single and had a lower education level and lower income than ex-
smokers. With regard to measures of mental health, levels of depression, stress, anxiety, and alcohol depend-
ence were all higher in current smokers than ex-smokers. In another study*’, lower education level was related
to the likelihood of smoking, but marriage status and income were not. However, the cross-sectional analysis
conducted in the present study suggested a relationship between poor socioeconomic status and smoking; the
marital status may also have an effect on smoking likelihood. Therefore, we suggest that further research on
psychological factors, socioeconomic factors, and nicotine dependence will lead to clear consequences of these
factors by cohort studies.

This study had several limitations. First, there was a problem with the study design. Since the ratios of males
and females were not similar, gender bias existed. Therefore, since most smokers are male, the comparative
analysis of current smokers and former smokers has a research limit that can be interpreted as being limited
to males. In addition, it was difficult to investigate the mental health related co-morbidity in a retrospective
study, only cancer patients were excluded among patients with various co-morbidities. Second, this study was
performed in subjects who underwent medical health examinations; such subjects may have made more efforts
to quit smoking, or pay more attention to mental health issues, compared to the general population. Third, we
used self-report measures of cigarette smoking and nicotine dependence, stress, depression, anxiety, and alcohol
dependence, which could be subject to recall bias.

Levels of depression, anxiety, stress, and alcohol dependence tended to be higher in participants with high
nicotine dependence in univariate analysis, but only stress was statistically significant in multivariate analysis.
Thus, evaluation for the stress score in patients with high nicotine dependence can be an important reference
for guiding smoking cessation. And male sex, older age, higher BMI, diabetes, single marital status, and a lower
education level related with high nicotine dependence. Therefore, in patients with these clinical, psychological,
and socioeconomic status, evaluation of nicotine dependence will be necessary when anti-smoking treatment is
performed. Furthermore, a longitudinal cohort study is needed to clearly identify the causal relationship between
nicotine dependence and clinical, psychological, and socioeconomic factors.

Received: 7 February 2021; Accepted: 25 August 2021
Published online: 17 September 2021

References
1. Doll, R,, Peto, R., Boreham, J. & Sutherland, I. Mortality in relation to smoking: 50 years” observations on male British doctors.
BMJ 328, 1519 (2004).

. Lubin, J. H. et al. Cigarette smoking and cancer risk: Modeling total exposure and intensity. Am. J. Epidemiol. 166, 479-489 (2007).

. Chandler, M. A. & Rennard, S. I. Smoking cessation. Chest 137, 428-435 (2010).

. Benowitz, N. L. Nicotine addiction. N. Engl. J. Med. 362, 2295-2303 (2010).

. Kendler, K. S. et al. Smoking and major depression. A causal analysis. Arch. Gen. Psychiatry 50, 36-43 (1993).

. Khantzian, E. ]. The self-medication hypothesis of substance use disorders: A reconsideration and recent applications. Harv. Rev.

Psychiatry 4, 231-244 (1997).

. Parrott, A. C. Does cigarette smoking cause stress?. Am. Psychol. 54, 817-820 (1999).

8. Taylor, G. et al. Change in mental health after smoking cessation: Systematic review and meta-analysis. BMJ 348, g1151 (2014).
9. Fluharty, M., Taylor, A. E., Grabski, M. & Munafo, M. R. The association of cigarette smoking with depression and anxiety: A
systematic review. Nicotine Tob. Res. 19, 3-13 (2017).

10. Guthrie, S. K., Ni, L., Zubieta, J. K., Teter, C. J. & Domino, E. E. Changes in craving for a cigarette and arterial nicotine plasma
concentrations in abstinent smokers. Prog. Neuropsychopharmacol. Biol. Psychiatry 28, 617-623 (2004).

11. Nestler, E. J. Is there a common molecular pathway for addiction?. Nat. Neurosci. 8, 1445-1449 (2005).

12. Leslie, F. M. Unique, long-term effects of nicotine on adolescent brain. Pharmacol. Biochem. Behav. 197, 173010 (2020).

13. Lasser, K. et al. Smoking and mental illness: A population-based prevalence study. JAMA 284, 2606-2610 (2000).

14. Breslau, N., Peterson, E. L., Schultz, L. R., Chilcoat, H. D. & Andreski, P. Major depression and stages of smoking. A longitudinal
investigation. Arch. Gen. Psychiatry 55, 161-166 (1998).

15. Mykletun, A., Overland, S., Aaro, L. E,, Liabo, H. M. & Stewart, R. Smoking in relation to anxiety and depression: Evidence from
a large population survey: The HUNT study. Eur. Psychiatry 23, 77-84 (2008).

16. Jamal, M., Willem Van der Does, A. J., Cuijpers, P. & Penninx, B. W. Association of smoking and nicotine dependence with severity
and course of symptoms in patients with depressive or anxiety disorder. Drug Alcohol Depend. 126, 138-146 (2012).

17. Breslau, N,, Kilbey, M. & Andreski, P. Nicotine dependence, major depression, and anxiety in young adults. Arch. Gen. Psychiatry
48, 1069-1074 (1991).

18. Dierker, L. et al. Depression and nicotine dependence from adolescence to young adulthood. Addict. Behav. 41, 124-128 (2014).

19. Pietras, T., Witusik, A., Panek, M., Szemraj, ]. & Gorski, P. Anxiety, depression and methods of stress coping in patients with
nicotine dependence syndrome. Med. Sci. Monit. 17, CR272-CR276 (2011).

20. Pang, R. D., Khoddam, R,, Guillot, C. R. & Leventhal, A. M. Depression and anxiety symptoms moderate the relation between
negative reinforcement smoking outcome expectancies and nicotine dependence. J. Stud. Alcohol Drugs 75, 775-780 (2014).

21. Figueiro, L. R. et al. Assessment of changes in nicotine dependence, motivation, and symptoms of anxiety and depression among
smokers in the initial process of smoking reduction or cessation: A short-term follow-up study. Trends Psychiatry Psychother. 35,
212-220 (2013).

22. Jamal, M., Van der Does, W. & Penninx, B. W. Effect of variation in BDNF Val(66)Met polymorphism, smoking, and nicotine
dependence on symptom severity of depressive and anxiety disorders. Drug Alcohol Depend. 148, 150-157 (2015).

QN U W N

~

Scientific Reports |

(2021) 11:18544 | https://doi.org/10.1038/s41598-021-97387-0 nature portfolio



www.nature.com/scientificreports/

23. Buckner, J. D., Farris, S. G., Schmidt, N. B. & Zvolensky, M. J. Direct and indirect associations between social anxiety and nicotine
dependence and cessation problems: Multiple mediator analyses. Nicotine Tob. Res. 16, 807-814 (2013).

24. Kushner, M. G., Menary, K. R., Maurer, E. W. & Thuras, P. Greater elevation in risk for nicotine dependence per pack of cigarettes
smoked among those with an anxiety disorder. J. Stud. Alcohol Drugs 73, 920-924 (2012).

25. Moylan, S., Jacka, F. N, Pasco, J. A. & Berk, M. Cigarette smoking, nicotine dependence and anxiety disorders: A systematic review
of population-based, epidemiological studies. BMC Med. 10, 123 (2012).

26. Dierker, L. C., Rose, J. S., Donny, E. & Tiffany, S. Alcohol use as a signal for sensitivity to nicotine dependence among recent onset
smokers. Addict. Behav. 36, 421-426 (2011).

27. Schmidt, A. et al. The influence of occupational stress factors on the nicotine dependence: A cross sectional study. Tob. Induc. Dis.
8, 6 (2010).

28. Fagerstrom, K. O. & Schneider, N. G. Measuring nicotine dependence: A review of the Fagerstrom Tolerance Questionnaire. J.
Behav. Med. 12, 159-182 (1989).

29. Hymowitz, N. et al. Predictors of smoking cessation in a cohort of adult smokers followed for five years. Tob. Control 6(Suppl 2),
S57-62 (1997).

30. Hahn, H. M. et al. A standardization study of beck depression inventory in Korea. J. Korean Neuropsychiatr. Assoc. 25, 5 (1986).

31. Jo, S. A, Park, M. H,, Jo, I, Ryu, S. H. & Han, C. Usefulness of Beck Depression Inventory (BDI) in the Korean elderly population.
Int. . Geriatr. Psychiatry 22, 218-223 (2007).

32. Koh, K. B, Park, J. K., Kim, C. H. & Cho, S. Development of the stress response inventory and its application in clinical practice.
Psychosom. Med. 63, 668-678 (2001).

33. Kim, J. T. & Shin, D. K. A study based on the standardization of the STAI for Korea. N. Med. J. 21, 6 (1978).

34. Hahn, D. W, Lee, C. H. & Tak, J. K. A study for the standardization of the Spielberger State-Trait Anxiety Inventory. J. Stud. Guid.
10, 8 (1993).

35. Hahn, D. W, Lee, C. H. & Chon, K. K. Korean adaptation of Spielberger’s STAI (K-STAI). Korean J. Health Psychol. 1, 13 (1996).

36. So, K. & Sung, E. A validation study of the brief Alcohol Use Disorder Identification Test (AUDIT): A brief screening tool derived
from the AUDIT. Korean J. Fam. Med. 34, 11-18 (2013).

37. Kim, S. S., Gulick, E. E., Nam, K. A. & Kim, S. H. Psychometric properties of the alcohol use disorders identification test: A Korean
version. Arch. Psychiatr. Nurs. 22, 190-199 (2008).

38. Babor, T. E, Higgins-Biddle, J. C., Saunders, J. B. & Monteiro, M. G. The Alcohol Use Disorders Identification Test Guidelines for Use
in Primary Care (World Health Organization, 2001).

39. Breslau, N, Kilbey, M. M. & Andreski, P. Nicotine dependence and major depression. New evidence from a prospective investiga-
tion. Arch. Gen. Psychiatry 50, 31-35 (1993).

40. Picco, L., Subramaniam, M., Abdin, E., Vaingankar, J. A. & Chong, S. A. Smoking and nicotine dependence in Singapore: Findings
from a cross-sectional epidemiological study. Ann. Acad. Med. Singap. 41, 325-334 (2012).

41. Shahwan, S. et al. Prevalence and correlates of smoking and nicotine dependence: Results of a nationwide cross-sectional survey
among Singapore residents. BMJ Open 9, €032198 (2019).

42. Houston-Ludlam, A. N. et al. The interaction of sociodemographic risk factors and measures of nicotine dependence in predicting
maternal smoking during pregnancy. Drug Alcohol Depend. 198, 168-175 (2019).

43. Wang, X. et al. Influence of smoking, body mass index, and other factors on the preventive effect of nonsteroidal anti-inflammatory
drugs on colorectal cancer risk. Cancer Res. 78, 4790-4799 (2018).

44. Osme, S. F et al. Difference between the prevalence of symptoms of depression and anxiety in non-diabetic smokers and in patients
with type 2 diabetes with and without nicotine dependence. Diabetol. Metab. Syndr. 4, 39 (2012).

45. Pipkin, J. A. et al. Both nicotine reward and withdrawal are enhanced in a rodent model of diabetes. Psychopharmacology 234,
1615-1622 (2017).

46. Duncan, A. et al. Habenular TCF7L2 links nicotine addiction to diabetes. Nature 574, 372-377 (2019).

47. O'Dell, L. E. & Nazarian, A. Enhanced vulnerability to tobacco use in persons with diabetes: A behavioral and neurobiological
framework. Prog. Neuropsychopharmacol. Biol. Psychiatry 65, 288-296 (2016).

48. Bhupathiraju, S. N. & Hu, F. B. Epidemiology of obesity and diabetes and their cardiovascular complications. Circ. Res. 118,
1723-1735 (2016).

49. Pennanen, M. et al. Smoking, nicotine dependence and nicotine intake by socio-economic status and marital status. Addict. Behav.
39, 1145-1151 (2014).

Author contributions
Conceived and designed study: Y.S.S., S.Y., Y.K.K. Analyzed the data: Y.S.S., K.S.L., C.K.R., YK.K. Contributed
reagents/materials/analysis tools: Y.S.S., K.S.L., C.K.R., YK.K. Wrote the paper: Y.S.S., Y.S.,, K.S.L, CK.R., YK.K.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-97387-0.

Correspondence and requests for materials should be addressed to Y.S.S. or YK.K.
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.

Scientific Reports |

(2021) 11:18544 | https://doi.org/10.1038/s41598-021-97387-0 nature portfolio


https://doi.org/10.1038/s41598-021-97387-0
https://doi.org/10.1038/s41598-021-97387-0
www.nature.com/reprints

www.nature.com/scientificreports/

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://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |  (2021) 11:18544 | https://doi.org/10.1038/s41598-021-97387-0 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Associations of clinical, psychological, and socioeconomic characteristics with nicotine dependence in smokers
	Methods
	Study subjects and design. 
	Variables and measures. 
	Statistical analysis. 

	Results
	Discussion
	References


