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Abstract

Background and Objectives: Tobacco smoking is associated with an increased risk of de-
pression and anxiety symptoms, but it remains unclear whether this relationship differs
according to the type of nicotine product used. The increasing popularity of heated tobacco
products has created a need to better understand their association with mental health,
particularly in comparison with combustible cigarettes. Therefore, this study aimed to
compare the prevalence of depression and anxiety symptoms among combustible cigarette
(CC) users, heated tobacco product (HTP) users, and non-smokers. Materials and Methods:
A cross-sectional study was conducted among 497 adults. Participants were classified into
three groups according to their tobacco-use status: combustible cigarette smokers, heated
tobacco users, and non-smokers. Depressive symptoms were assessed using the Patient
Health Questionnaire-9 (PHQ-9), and anxiety symptoms were assessed using the Gener-
alized Anxiety Disorder-7 (GAD-7). Group differences were evaluated using hierarchical
linear regression analyses adjusted for sociodemographic, health, and lifestyle factors.
Results: Tobacco-use group significantly improved the model fit for PHQ-9 (∆R2 = 0.0575,
p < 0.001) and GAD-7 (∆R2 = 0.0764, p < 0.001). In non-smokers, scores of depression were
3.48 lower than in CC users and 1.42 lower than in the HTP users’ group. In HTP users,
these scores were 2.06 lower than in the CC users’ group. Anxiety scores were 3.71 lower in
non-smokers than in CC users, and 1.29 lower than in the HTP users’ group. In the HTP
users’ group, this score was 2.42 lower than in the CC users’ group. HC3 robust standard
errors with 5000-sample BCa bootstrap confidence intervals and reduced-adjustment sensi-
tivity analyses confirmed the primary pattern. Conclusions: Our study results showed that
combustible cigarette users had the highest adjusted depression and anxiety scores, HTP
users had intermediate scores, and non-smokers had the lowest. In both tobacco-using
groups, greater product-specific nicotine dependence was associated with higher PHQ-9
and GAD-7 scores. Further interdisciplinary studies incorporating biomarkers of nicotine
exposure, HPA axis function, inflammation, and oxidative stress are needed to clarify
whether the observed differences reflect the characteristics of individuals who choose
specific tobacco products or are partly attributable to product-specific effects.
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1. Introduction
Tobacco use is one of the leading preventable causes of death and morbidity [1,2].

The relationship between cigarette smoking, nicotine dependence, and mental health has
been extensively investigated, with numerous studies demonstrating associations with
depression, anxiety, and other psychiatric outcomes [3,4]. Nicotine has a high potential
for addiction: it acts on nicotinic acetylcholine receptors; activates the mesolimbic reward
system; stimulates dopamine release; and repeated use leads to neuroadaptive changes,
tolerance, craving, and withdrawal symptoms [5]. One possible mechanism linking nicotine
dependence and mental health is dysregulation of the hypothalamic–pituitary–adrenal
(HPA) axis. The HPA axis is the body’s main neuroendocrine system for responding to
stress. During stress, corticotropin-releasing hormone, released by the hypothalamus,
stimulates the secretion of adrenocorticotropic hormone by the pituitary gland, which in
turn activates the release of cortisol from the adrenal cortex [6]. Nicotine can also activate
this system: its action on nicotinic acetylcholine receptors stimulates the sympathetic
nervous system and increases the concentrations of catecholamines and cortisol [7–9].

While acute nicotine exposure activates the HPA axis, chronic nicotine use has been
associated with alterations in HPA-axis regulation and stress response. Long-term nicotine
use can lead to neuroadaptive changes in the regulation and stress sensitivity of the HPA
axis. Studies have indicated that nicotine use is associated not only with altered baseline
cortisol levels but also with an altered response to psychological stressors. Evidence
suggests that cortisol responses to psychological stress may be blunted in chronic smokers,
and attenuated HPA-axis responses during early abstinence have been associated with
withdrawal-related disturbances and an increased risk of smoking relapse [10,11]. There is
also evidence linking HPA axis alterations to symptoms of depression and anxiety [12,13].
Chronic or repeated activation of stress response systems may be associated with impaired
glucocorticoid receptor signaling, autonomic nervous system imbalance, sleep disturbances,
and altered emotional regulation [13]. These processes may interact with inflammatory
mechanisms. Impaired glucocorticoid receptor signaling may contribute to glucocorticoid
resistance and insufficient regulation of inflammatory responses, thereby promoting chronic
inflammation. Increased levels of pro-inflammatory cytokines may in turn affect the central
nervous system, neurotransmitter metabolism, neuroplasticity, and brain areas involved
in reward, threat assessment, and emotion regulation [14–16]. However, the relationship
between nicotine use, the HPA axis, and mental health is not a single-component issue
but rather a complex, multifactorial, and bidirectional mechanism; therefore, alterations
in the HPA axis should be considered as one potential biological pathway rather than an
established causal mechanism.

Nowadays, in addition to conventional combustible cigarettes, novel nicotine delivery
products, such as heated tobacco products (HTPs), electronic cigarettes, and nicotine
pouches, have become increasingly available. When assessing the effects of different
nicotine products on the human body, it is important to distinguish the role of nicotine
itself from the effects caused by substances produced during the combustion or heating
of tobacco. Combustible cigarettes (CCs) produce large amounts of oxidative stress and
inflammatory substances, such as carbon monoxide, tars, polycyclic aromatic hydrocarbons,
particulate matter, aldehydes, and other compounds [17–19]. According to studies, the
amounts of these substances in HTP aerosols are significantly lower due to the absence
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of a combustion process [20,21]. However, these still include substances such as glycerol
and propylene glycol. The amount of nicotine in heated tobacco aerosol is approximately
70–80% of that found in cigarette smoke [22]. However, the actual exposure of users
depends on: the product used, the depth of inhalation, the number of inhalations, and the
frequency of use.

The comparison of exclusive combustible cigarette users with exclusive HTP users
may provide descriptive evidence about whether mental health symptom patterns differ
across tobacco products with different emission profiles. Naturally, a cross-sectional com-
parison cannot isolate the effects of nicotine from those of toxicants associated with tobacco
combustion nor can it directly identify underlying biological mechanisms, as biomarkers of
oxidative stress, inflammation, HPA-axis function, or toxicant exposure were not assessed.
Nevertheless, differences in toxicant exposure between combustible cigarettes and HTPs
provide a biological rationale for examining whether users of these products also differ in
depressive and anxiety symptoms. If differences are observed, exposure to combustion-
related toxicants and the potential effects on oxidative stress and inflammatory processes
may be one of several possible explanations; however, this hypothesis cannot be tested
directly with the present data.

Previous studies have shown that combustible cigarette use is associated with depres-
sive and anxiety symptoms in a variety of populations. Current smokers show a 30–174%
increased risk of depression, which was associated with a dose–response relationship
compared with never smokers [4,23–27]. Former smokers also show an increased risk of
depression [4], although to a lesser extent than current smokers, and smoking cessation has
been associated with improvements in mental health [23,28–30]. However, data on HTPs
are scarce, and the studies themselves are methodologically limited. Only a small number
of studies have examined associations between HTP use and depressive or anxiety symp-
toms, while the methodological differences in study populations, definitions of product
use, and mental health assessments limit direct comparisons across studies [31–33]. To our
knowledge, evidence directly comparing depressive and anxiety symptoms among clearly
defined exclusive HTP users, exclusive combustible cigarette smokers, and non-smokers
remains limited. Therefore, this study aimed to compare the severity of depressive and
anxiety symptoms among combustible cigarette smokers, HTP users, and non-smokers.

2. Materials and Methods
2.1. Participants and Procedure

A convenience sample was used to collect data for this study. During the study,
an anonymous questionnaire survey was conducted in May–July 2026. An electronic
questionnaire, compiled using the Google Forms internet platform, was distributed on
social networks and in social network groups, such as Facebook and Instagram, through the
researchers’ personal accounts. Prospective study participants were asked to complete the
questionnaire and share it with friends. The questionnaire was distributed using the e-mail
databases of Lithuania’s largest companies, including governmental institutions. Also,
while conducting private training sessions in various organizations, the authors of the work
asked separate groups, such as those who smoke or use HTPs, as well as those who do not
use any nicotine products, to fill out a questionnaire. Only individuals aged 18 or older
could participate in the study, but most were around 37 years old. The survey was expected
to take up to 10 min to complete. The study participants were informed about the study
and its purpose, confidentiality was ensured, and instructions for completing the survey
and contact information were provided. In one of the first survey questions, respondents
indicated which nicotine product they used (traditional cigarettes only, electronic cigarettes
only, heated tobacco products only, or more than one nicotine product), and non-smokers
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were included as a control group. After selecting an answer, the survey automatically
directed respondents to the part of the questionnaire adapted to them. For those who chose
e-cigarettes or more than one nicotine product, the survey was ended; this ensured that
each participant completed only the questions related to their chosen nicotine product,
and that we collected only pure users of combustible cigarettes and heated tobacco. No
formal a priori power calculation was performed; recruitment used a pragmatic target
of approximately 150 participants per study group during the predefined data-collection
period. A sensitivity calculation for the complete-case primary analysis (N = 473), with
α = 0.05, 80% power, a two-parameter group block, and 10 total predictor parameters,
indicated a minimum detectable incremental effect of f2 = 0.0205 (approximately 0.021).
A total of 497 participants completed the online questionnaire, and this sample was split
into three groups: 154 combustible cigarette users, 155 heated tobacco users, and a control
group of 188 participants who reported not using any tobacco products (Table 1). Because
the survey was anonymous, participants could not be contacted individually on the basis
of their depression or anxiety responses; however, the final survey page provided contact
information for free psychological-support helplines.

Table 1. Participant characteristics by tobacco-use group.

Characteristic Total Sample
(N = 497)

Cigarette Users
(n = 154)

Heated Tobacco Users
(n = 155)

Non-Smokers
(n = 188)

Age, years, M (SD) 37.12 (10.44) 35.50 (10.20) 36.10 (9.26) 39.30 (11.20)
Sex, N (%)

Women 263 (52.9) 81 (52.6) 78 (50.3) 104 (55.3)
Men 234 (47.1) 73 (47.4) 77 (49.7) 84 (44.7)

Education, N (%)
Basic 4 (0.8) 2 (1.3) 0 (0.0) 2 (1.1)
Secondary 34 (6.8) 17 (11.0) 9 (5.8) 8 (4.3)
Vocational 113 (22.7) 39 (25.3) 33 (21.3) 41 (21.8)
College 146 (29.4) 47 (30.5) 51 (32.9) 48 (25.5)
Higher education 200 (40.2) 49 (31.8) 62 (40.0) 89 (47.3)

Monthly income, N (%)
≤€800 38 (8.0) 9 (6.2) 13 (8.6) 16 (9.1)
€800–1200 139 (29.4) 27 (18.5) 43 (28.5) 69 (39.2)
€1201–1600 120 (25.4) 28 (19.2) 46 (30.5) 46 (26.1)
€1601–2200 111 (23.5) 54 (37.0) 31 (20.5) 26 (14.8)
≥€2201 65 (13.7) 28 (19.2) 18 (11.9) 19 (10.8)

Employment status, N (%)
Full-time employment 353 (71.0) 108 (70.1) 111 (71.6) 134 (71.3)
Part-time employment 63 (12.7) 16 (10.4) 21 (13.5) 26 (13.8)
Student 45 (9.1) 17 (11.0) 14 (9.0) 14 (7.4)
Employed and studying 14 (2.8) 5 (3.2) 6 (3.9) 3 (1.6)
Unemployed 14 (2.8) 4 (2.6) 3 (1.9) 7 (3.7)
Retired 6 (1.2) 3 (1.9) 0 (0.0) 3 (1.6)
Maternity/parental leave 2 (0.4) 1 (0.6) 0 (0.0) 1 (0.5)

Age at nicotine-use initiation, years, M (SD) 17.00 (3.93) 16.70 (4.03) 17.30 (3.82) —
Duration of heated tobacco use, years, M (SD) 2.79 (0.46) — 2.79 (0.46) —
Alcohol-use frequency, M (SD) 1.86 (1.11) 2.31 (1.16) 1.94 (1.09) 1.43 (0.91)
Sleep quality, M (SD) 3.13 (1.02) 2.51 (1.01) 3.32 (0.87) 3.49 (0.92)
Physical activity, M (SD) 1.42 (1.08) 1.45 (1.09) 1.28 (1.06) 1.50 (1.08)

Note. Values are M (SD) for scale scores and N (%) for categorical variables. Percentages are calculated
within each tobacco-use group. Income data were available for 473 participants (cigarette users,
N = 146; heated tobacco users, N = 151; non-smokers, N = 176). Age of nicotine-use initiation was
available only for current tobacco users (N = 309). Duration of heated tobacco use was applicable
only to heated tobacco users (n = 155). An em dash indicates that the variable was not applicable.

https://doi.org/10.3390/medicina62091618

https://doi.org/10.3390/medicina62091618


Medicina 2026, 62, 1618 5 of 17

Demographic Variables

The participants were asked a wide range of demographic questions: gender, age,
education, employment, income, frequency of alcohol consumption, use of psychoactive
substances, sleep quality, and physical activity. These demographic factors were collected
to be used as covariates. Participants in the tobacco-user groups also reported age at
nicotine-use initiation; HTP users reported duration of HTP use. Nicotine dependence was
assessed with product-specific instruments: the FTND among combustible cigarette users
and the HeaTPAQ among HTP users. Because the two instruments differ in item contents
and score metrics and are not calibrated to a common scale, their raw total scores were not
used for direct between-product comparisons of dependence severity. The decision to use
different nicotine-consumption instruments is based on the view that nicotine-containing
products differ in their physiological effects, including the rate and mechanisms of nicotine
absorption and consumption behavior [34,35]. These questionnaires were used for scientific
research purposes only to assess expressions of general nicotine consumption, and not to
determine physical dependence.

2.2. Questionnaires Used for Study
2.2.1. The Fagerström Test for Nicotine Dependence Questionnaire

The Fagerström Test for Nicotine Dependence (FTND) was used for traditional
cigarette users [34]. The Fagerström Nicotine Dependence Test (FTND) is a well-known
and widely used instrument that helps to assess the strength of traditional cigarette-
consumption behavior. This questionnaire is freely available electronically in Lithuanian;
therefore, separate permission and translation for the use of this instrument for scientific
purposes were not required. The FTND questionnaire was modified by Heatherton et al.,
which was based on the questionnaire previously developed by Fagerström (1978)—the
Fagerström Tolerance Questionnaire (FTQ) [34]. The FTND scale consists of 6 ordinal ques-
tions (e.g., “When did you smoke your first cigarette after waking up in the morning?”),
the answers to which were coded from 0 to 3, and a higher total score of the questionnaire
indicates a higher manifestation of nicotine-use behavior. For this study, the overall internal
consistency of the scale was calculated as Cronbach’s alpha = 0.77. This indicates that
the internal consistency of the questionnaire in this study is satisfactory. In the literature,
Cronbach’s alpha for the FTND ranges from 0.61 to 0.74 [34]. The authors of the FTND
questionnaire and foreign studies support the validity of this instrument [34,36,37].

2.2.2. The Heated Tobacco Product Addiction Questionnaire

The Heated Tobacco Product Addiction Questionnaire (HeaTPAQ) was developed
by Feten Fekih-Romdhane and co-authors to assess specific aspects of addiction to heated
tobacco products [38]. The Heated Tobacco Product Addiction Questionnaire (HeatPAQ)
was used to assess heated tobacco product use, attitudes, and subjective evaluations. This
instrument was designed to assess the frequency of use, signs of addiction, and perceived
harm and satisfaction associated with heated tobacco products. The questionnaire consists
of several questions covering consumption behavior and attitudes (e.g., “How often do you
use heated tobacco products?” and “Do you think heated tobacco products are less harmful
than regular cigarettes?”). Responses are assessed on a Likert-type scale, with higher total
scores indicating more intensive use or more favorable attitudes towards heated tobacco.
The questionnaire consists of 13 statements. Items were rated from 1 to 5 on a five-point
Likert-type scale and summed, yielding a possible total score of 13 to 65; higher scores
indicate a greater HTP dependence. No validated clinical cut-off categories were applied,
and the score was analyzed as a continuous variable. Psychometric analyses showed the
unifactorial structure and excellent internal consistency (Cronbach’s α = 0.90). Previous
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studies demonstrated sufficient internal consistency of this instrument, allowing it to be
used in the study of tobacco-use-related behavior. Although the questionnaire is freely
available, the authors were contacted by e-mail and consent to use it in the study was
obtained. A double-blind translation into the Lithuanian language was also performed.

2.2.3. The Generalized Anxiety Disorder-7 Scale

The Generalized Anxiety Disorder-7 (GAD-7) scale was used to assess the anxiety
severity of the study participants. The GAD-7 scale was developed by Spitzer et al. (2006)
and consists of 7 questions (e.g., “Excessive worry about various things”) [39]. The subjects
were assessed using a Likert scale from 0 to 3, taking into account the frequency of anxiety
over the past two weeks (0 = “not at all worried”, 1 = “a few days”, 2 = “more than half of all
days”, and 3 = “almost every day”). The questionnaire was used for general self-assessment
by respondents and not for establishing a clinical diagnosis. A higher total score on the
questionnaire indicates a higher anxiety severity. The overall internal consistency of the
scale was calculated as Cronbach’s alpha = 0.90. Similar results are reported in the literature
(Cronbach’s alpha = 0.92) [39]. This questionnaire is freely available in electronic form
in Lithuanian; therefore, no separate permission or translation was required to use this
instrument for scientific purposes.

2.2.4. The Patient Health Questionnaire-9

The Patient Health Questionnaire-9 (PHQ-9) was used to assess the severity of depressive
symptoms among the study participants. This instrument is freely available and has been
translated into Lithuanian, allowing its use for scientific purposes without additional permis-
sion. The PHQ-9 was developed by Kroenke et al. (2001) and consists of 9 items reflecting
the diagnostic criteria for major depressive disorder (e.g., “Little interest or pleasure in doing
things”) [40]. Participants rate how often they experienced each symptom over the past two
weeks using a Likert scale from 0 to 3 (0 = “not at all”, 1 = “several days”, 2 = “more than half
the days”, and 3 = “nearly every day”). The questionnaire was used as a self-report measure
of depressive symptom severity and not for establishing a clinical diagnosis. A higher total
score indicates greater depression severity. In the present study, the internal consistency of
the scale was high (Cronbach’s alpha = 0.86). Previous studies have demonstrated excellent
reliability of the depression, with Cronbach’s alpha typically around 0.86–0.89 [40].

2.3. Analysis Strategy

All statistical analyses were performed using jamovi 2.6.44 (the jamovi project, 2024),
downloaded from [41]. Descriptive statistics were calculated for the full sample, and
Spearman’s correlations were used to describe bivariate associations among study variables.
Hierarchical linear regression analysis was used to assess the differences in depression
(PHQ-9) and anxiety (GAD-7) scores between different groups of tobacco users and non-
smokers. Sociodemographic and lifestyle covariates were entered in the first step of each
regression model. In the second step, the tobacco-use group variable was added as a
dummy variable, with cigarette users as the reference group. This approach allowed
us to assess whether the tobacco-use group explained additional variance in depression
and anxiety scores after controlling for the covariates. Changes in explained variance
between the models were evaluated using ∆R2 and the corresponding F-change test. Given
the nature of the variables analyzed, it was not expected that their distributions would
fully comply with the assumption of normality. However, regression analysis was chosen
because it is quite robust to violations of the normality assumption. Because income
data were missing for 24 participants, the primary adjusted models were estimated using
complete cases (N = 473). Product-specific dependence was examined in secondary within-
group hierarchical models. Among combustible cigarette users, the FTND score was added
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to the same covariate block; among HTP users, the HeaTPAQ score was added to the same
covariate block. These analyses used N = 146 and N = 151 because of missing income
data. FTND and HeaTPAQ were not entered simultaneously in the three-group model, as
each measure was structurally inapplicable outside its corresponding product group and
the two scales are not calibrated to a common metric. Multicollinearity of predictors was
assessed in all regression models using variance inflation factors (VIFs), condition indices,
and variance-decomposition proportions. No significant multicollinearity was found in any
of the models, as the variance inflation factor values were less than 4 (VIF < 4). The Q–Q
plots of the standardized residuals were visually assessed. They showed some deviations
from the normal distribution, especially in the extreme parts of the distributions. Therefore,
sensitivity analyses were additionally performed using HC3 heteroskedasticity-consistent
robust standard errors and bias-corrected and accelerated (BCa) 95% bootstrap confidence
intervals based on 5000 bootstrap samples. PHQ-9 and GAD-7 scores were retained on their
original validated scales and were not transformed. To assess possible over-adjustment,
PHQ-9 and GAD-7 analyses were repeated without sleep quality and physical activity. A
sensitivity analysis was also performed for the complete-case sample (N = 473). At α = 0.05
and 80% power, the minimum detectable incremental effect for the tobacco-use group was
approximately f2 = 0.021.

3. Results
3.1. Participant Characteristics and Model Variables
Descriptive Statistics of the Study Sample

Descriptive statistics for the study variables are presented in Table 2. The study in-
cluded 497 individuals who were divided into three groups based on the type of tobacco
product they used: (i) combustible cigarette (CC) users; (ii) heated tobacco product (HTP)
users; and (iii) non-smokers. A total of 263 participants were female (52.9%), and 234 were
male (47.1%). The gender distribution was balanced across the three study groups: women
accounted for 52.6% of CC users, 50.3% of HTP users, and 55.3% of non-smokers. The mean
age ranged from 35.5 years among CC users, 36.1 years among HTP users, and 39.3 years
among non-smokers, indicating that the study sample was predominantly working-age
adults. Most participants were employed full-time, and the sample predominantly com-
prised working-age adults. These characteristics describe the convenience sample reached
by the recruitment strategy and should not be interpreted as evidence of population rep-
resentativeness. The distribution of education between groups was also broadly similar:
most participants reported secondary, vocational, college, or university education.

Income data were available for 473 participants and showed some differences between
groups: CC users reported slightly higher mean income category scores than HTP users
or non-smokers. Differences were also observed on several lifestyle variables. CC users
reported the highest mean frequency of alcohol consumption, HTP users reported interme-
diate values, and non-smokers reported the lowest values. A similar gradual pattern was
observed for sleep quality: CC users reported the lowest mean score, HTP users reported
intermediate values, and non-smokers reported the highest. Physical activity scores were
relatively similar across the three groups, although the mean score for HTP users was
slightly lower than for CC users and non-smokers. Despite the aforementioned group
differences, these three groups were sufficiently similar in their baseline sociodemographic
characteristics to allow for further group analyses. At the same time, the observed differ-
ences in age, income, alcohol consumption frequency, sleep quality, and physical activity
warranted their inclusion as covariates in the hierarchical regression models. It should also
be noted that the income analyses were based on a slightly smaller sample due to missing
responses. In contrast, the remaining descriptive analyses were based on the full sample.
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Table 2. Descriptive statistics and correlations among study variables.

Variable Missing M SD Skewness Kurtosis 1 2 3 4 5 6 7 8 9 10 11

Combustible
cigarettes 343 5.67 2.45 −0.73 −0.30 —

Heated
tobacco 342 39.94 9.93 −0.38 −0.50 — —

Anxiety 0 5.20 4.55 1.43 1.77 0.465
***

0.432
*** —

Depression 0 5.72 4.93 1.32 1.50 0.512
***

0.411
***

0.818
*** —

Age 0 37.13 10.45 0.54 −0.33 −0.077 −0.010 −0.199
***

−0.153
*** —

Education 0 4.01 0.99 −0.66 −0.46 −0.062 −0.053 −0.052 −0.041 0.296
*** —

Employment 0 1.59 1.14 2.25 4.98 −0.068 −0.209
** 0.084 0.114

*
−0.303

***
−0.200

*** —

Income 24 3.05 1.18 0.10 −0.97 0.204
* −0.119 0.060 0.133

**
0.250

***
0.353

***
−0.383

*** —

Alcohol
frequency 0 1.86 1.11 0.38 −0.12 0.178

* 0.003 0.219
***

0.213
*** 0.030 0.028 −0.092

*
0.179

*** —

Sleep
quality 0 3.13 1.02 −0.10 −0.42 −0.574

***
−0.482

***
−0.462

***
−0.470

***
0.170

***
0.223

*** 0.002 −0.035 −0.167
*** —

Physical
activity 0 1.42 1.08 0.24 −0.56 −0.109 −0.435

***
−0.143

***
−0.171

*** −0.023 0.056 0.043 0.077 −0.112
*

0.214
***

—

Note. M = mean; SD = standard deviation. Correlations are Spearman’s rho. * p < 0.05, ** p < 0.01,
*** p < 0.001. The correlation between combustible cigarette and heated tobacco scores was unavailable
because there were no paired valid observations.

3.2. Hierarchical Regression Analysis
3.2.1. Depression Scores

Hierarchical linear regression analysis showed that the first model, which included
sociodemographic and lifestyle covariates, was statistically significant, F(8, 464) = 29.3,
p < 0.001, and explained 33.5% of the variance in depression scores (R2 = 0.335; adjusted
R2 = 0.324) (see Table 3). When the tobacco-use group variable was additionally in-
cluded in the second model, the proportion of explained variance increased to 39.3%
(R2 = 0.393; adjusted R2 = 0.380), and the overall model remained statistically significant,
F(10, 462) = 29.9, p < 0.001. The inclusion of tobacco-use group significantly improved the
model, ∆R2 = 0.0575, ∆F(2, 462) = 21.9, p < 0.001.

Table 3. Hierarchical regression analysis predicting depression total score.

Predictor Estimate SE t p Stand. Estimate

Intercept 15.3843 1.3667 11.257 <0.001
Age −0.0265 0.0193 −1.373 0.171 −0.0548
Sex −2.2599 0.3732 −6.055 <0.001 −0.2295
Education −0.0535 0.2078 −0.257 0.797 −0.0106
Employment 0.4846 0.1816 2.669 0.008 0.1071
Income 0.3198 0.1843 1.735 0.083 0.0768
Alcohol frequency 0.3387 0.1755 1.930 0.054 0.0759
Sleep quality −1.4994 0.2042 −7.343 <0.001 −0.3113
Physical activity −0.5293 0.1769 −2.992 0.003 −0.1147
Group:
2–1 −2.0644 0.5027 −4.107 <0.001 −0.4190
3–1 −3.4811 0.5262 −6.616 <0.001 −0.7066
3–2 −1.4167 0.4477 −3.164 0.002 −0.2876

Note. Final model: R2 = 0.393, adjusted R2 = 0.380, F(10, 462) = 29.9, p < 0.001, N = 473. When
compared with Model 1: ∆R2 = 0.0575, ∆F(2, 462) = 21.9, p < 0.001. The intercept represents the
reference level; pairwise group comparisons are presented. Group was treated as a categorical
variable: Group 1 = CC users; Group 2 = HTP users; and Group 3 = non-users of tobacco products.
Conventional OLS coefficients are shown; HC3/BCa sensitivity results are reported in Section 3.2.4.

In the final model, depression scores were statistically significantly associated with sex
(B = −2.2599, β = −0.2295, p < 0.001), employment (B = 0.4846, β = 0.1071, p = 0.008), sleep

https://doi.org/10.3390/medicina62091618

https://doi.org/10.3390/medicina62091618


Medicina 2026, 62, 1618 9 of 17

quality (B = −1.4994, β = −0.3113, p < 0.001), and physical activity (B = −0.5293, β = −0.1147,
p = 0.003). Age, education, income, and alcohol frequency were not statistically significant
predictors of depression scores (all p > 0.05), although alcohol frequency approached
statistical significance (B = 0.3387, β = 0.0759, p = 0.054). After controlling for the other
variables in the model, adjusted PHQ-9 scores were highest among CC users. HTP users
scored on average 2.06 points lower than CC users (B = −2.0644, β = −0.4190, p < 0.001),
whereas non-users scored 3.48 points lower than CC users (B = −3.4811, β = −0.7066,
p < 0.001) and 1.42 points lower than HTP users (B = −1.4167, β = −0.2876, p = 0.002).

3.2.2. Anxiety Scores

In Table 4, the first hierarchical regression model for anxiety was statistically significant,
F(8, 464) = 25.1, p < 0.001, and explained 30.2% of the variance in anxiety scores (R2 = 0.302;
adjusted R2 = 0.290). When the group variable was included, the final model explained
37.8% of the variance in GAD-7 scores (R2 = 0.378; adjusted R2 = 0.365) and was statistically
significant, F(10, 462) = 28.1, p < 0.001. The inclusion of group significantly increased the
explanatory power of the model, ∆R2 = 0.0764, ∆F(2, 462) = 28.4, p < 0.001.

Table 4. Hierarchical regression analysis predicting GAD-7 total score.

Predictor Estimate SE t p Stand. Estimate

Intercept 15.5151 1.2842 12.081 <0.001
Age −0.0508 0.0181 −2.805 0.005 −0.1133
Sex −2.0226 0.3507 −5.768 <0.001 −0.2212
Education 0.0867 0.1953 0.444 0.657 0.0185
Employment 0.3591 0.1707 2.104 0.036 0.0854
Income −0.0495 0.1732 −0.286 0.775 −0.0128
Alcohol frequency 0.2214 0.1649 1.343 0.180 0.0534
Sleep quality −1.1836 0.1919 −6.169 <0.001 −0.2647
Physical activity −0.4483 0.1662 −2.697 0.007 −0.1046
Group:
2–1 −2.4239 0.4723 −5.132 <0.001 −0.5299
3–1 −3.7135 0.4945 −7.510 <0.001 −0.8118
3–2 −1.2896 0.4207 −3.065 0.002 −0.2819

Note. Final model: R2 = 0.378, adjusted R2 = 0.365, F(10, 462) = 28.1, p < 0.001, N = 473. When
compared with Model 1, ∆R2 = 0.0764, ∆F(2, 462) = 28.4, p < 0.001. The intercept represents the
reference level; pairwise group comparisons are presented. Group was treated as a categorical
variable: Group 1 = CC users; Group 2 = HTP users; and Group 3 = non-smokers. Conventional OLS
coefficients are shown; HC3/BCa sensitivity results are reported in Section 3.2.4.

In the final model, lower anxiety scores were statistically significantly associated with
higher age (B = −0.0508, β = −0.1133, p = 0.005), gender (B = −2.0226, β = −0.2212,
p < 0.001), sleep quality (B = −1.1836, β = −0.2647, p < 0.001), and physical activity
(B = −0.4483, β = −0.1046, p = 0.007). Employment was positively associated with anxiety
scores (B = 0.3591, β = 0.0854, p = 0.036). Education, income, and frequency of alcohol
consumption were not statistically significant predictors (p > 0.05). After controlling other
variables in the model, anxiety scores were highest in the CC users’ group. Anxiety scores
for non-smokers were 3.71 points lower than those in CC users (B = −3.7135, β = −0.8118,
p < 0.001) and 1.29 points lower than those in HTP users (B = −1.2896, β = −0.2819,
p = 0.002). In the group of HTP users, anxiety scores were on average 2.42 points lower
than those in the CC users’ group (B = −2.4239, β = −0.5299, p < 0.001).

3.2.3. Nicotine Dependence Analyses

Product-specific hierarchical analyses were conducted within the two tobacco-user
groups (Table 5). Among combustible cigarette users, adding the FTND score significantly
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improved the PHQ-9 model (∆R2 = 0.0917, ∆F(1, 136) = 21.7, p < 0.001) and the GAD-7
model (∆R2 = 0.0547, ∆F(1, 136) = 12.1, p < 0.001). Higher FTND scores were associated with
higher PHQ-9 scores (B = 0.930, SE = 0.200, β = 0.395, p < 0.001) and higher GAD-7 scores
(B = 0.679, SE = 0.196, β = 0.305, p < 0.001). Among HTP users, adding the HeaTPAQ score
significantly improved both the PHQ-9 model (∆R2 = 0.0429, ∆F(1, 141) = 8.53, p = 0.004)
and the GAD-7 model (∆R2 = 0.0470, ∆F(1, 141) = 8.38, p = 0.004). Higher HeaTPAQ scores
were associated with higher PHQ-9 scores (B = 0.107, SE = 0.037, β = 0.271, p = 0.004) and
higher GAD-7 scores (B = 0.100, SE = 0.035, β = 0.284, p = 0.004). These within-product
analyses assess graded associations with dependence severity but do not provide a direct
cross-product comparison of dependence because FTND and HeaTPAQ scores are not on a
common metric.

3.2.4. Model-Diagnostic and Robustness Sensitivity Analyses

Additional diagnostic and sensitivity analyses were performed to assess the robustness
of the primary findings. Multicollinearity diagnostics did not indicate a problematic
predictor structure, as all VIF values were below four, and the maximum condition index
in the complete-case predictor matrix (N = 473) was 2.64, with no substantial variance-
decomposition proportions shared by multiple predictors.

Table 5. Product-specific dependence sensitivity analyses for PHQ-9 and GAD-7 scores.

Group Outcome N R2 Model 1 → Final ∆R2 ∆F B (SE) β p

CC users PHQ-9 146 0.334 → 0.426 0.0917 21.7 0.930 (0.200) 0.395 <0.001
CC users GAD-7 146 0.328 → 0.383 0.0547 12.1 0.679 (0.196) 0.305 <0.001
HTP users PHQ-9 151 0.249 → 0.291 0.0429 8.53 0.107 (0.037) 0.271 0.004
HTP users GAD-7 151 0.162 → 0.209 0.0470 8.38 0.100 (0.035) 0.284 0.004

Note. Model 1 included age, sex, education, employment, income, alcohol-use frequency, sleep
quality, and physical activity. The final model added the product-specific dependence score. For
CC models, ∆F df = (1, 136); for HTP models, ∆F df = (1, 141). CC = combustible cigarette;
FTND = Fagerström Test for Nicotine Dependence; HeaTPAQ = Heated Tobacco Product Addic-
tion Questionnaire; HTP = heated tobacco product. Conventional hierarchical OLS results are shown;
HC3/BCa sensitivity results are reported in Section 3.2.4.

Because some deviations were observed in the residual distribution, particularly in
the tails, the primary group effects were re-estimated using HC3 robust standard errors
and 5000-sample BCa bootstrap confidence intervals. The tobacco-use group remained
significantly associated with both PHQ-9 (robust F(2, 462) = 16.37, p < 0.001) and GAD-7
scores (robust F(2, 462) = 19.33, p < 0.001). For PHQ-9, HTP users scored 2.06 points lower
than CC smokers (B = −2.064, 95% BCa CI [−3.204, −0.947], p < 0.001), while the difference
between non-users and CC smokers was 3.48 points (B = −3.481, 95% BCa CI [−4.658,
−2.337], p < 0.001). Non-users also had lower PHQ-9 scores than HTP users (B = −1.417,
95% BCa CI [−2.256, −0.626], p < 0.001). The same ordering was observed for GAD-7:
compared with CC smokers, scores were lower among HTP users (B = −2.424, 95% BCa
CI [−3.517, −1.346], p < 0.001) and non-users (B = −3.713, 95% BCa CI [−4.899, −2.587],
p < 0.001). Non-users also scored lower than HTP users (B = −1.290, 95% BCa CI [−2.052,
−0.553], p = 0.001).

Dependence severity was positively associated with depressive and anxiety symptoms
within both tobacco-use groups. Among CC smokers, higher FTND scores were associated
with higher PHQ-9 (B = 0.930, β = 0.395, 95% BCa CI [0.500, 1.393], p < 0.001) and GAD-7
scores (B = 0.679, β = 0.305, 95% BCa CI [0.303, 1.138], p = 0.003). A similar pattern was
found among HTP users, with higher HeaTPAQ scores associated with PHQ-9 (B = 0.107,
β = 0.271, 95% BCa CI [0.040, 0.168], p = 0.002) and GAD-7 scores (B = 0.100, β = 0.284, 95%
BCa CI [0.036, 0.160], p = 0.002).
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A further sensitivity analysis examined whether adjustment for sleep quality and phys-
ical activity influenced the between-group findings. When these variables were excluded,
adding the tobacco-use group increased the explained variance in PHQ-9 scores from 16.0%
to 28.9% (∆R2 = 0.129, ∆F(2, 464) = 42.1, p < 0.001). Compared with CC smokers, PHQ-9
scores were 3.19 points lower among HTP users (B = −3.187, p < 0.001) and 4.85 points lower
among non-users (B = −4.850, p < 0.001). For GAD-7, the explained variance increased
from 15.2% to 30.1% after the tobacco-use group was added (∆R2 = 0.148, ∆F(2, 464) = 49.2,
p < 0.001). Again, CC smokers had the highest scores, with HTP users scoring 3.30 points
lower (B = −3.305, p < 0.001) and non-users 4.80 points lower (B = −4.796, p < 0.001). The
group differences therefore remained significant when sleep quality and physical activity
were excluded from the models.

4. Discussion
Our study is one of the few studies that examines and compares the distinct tobacco

products associations with mental health. We found that individuals who used combustible
cigarettes had the highest estimates of both psychological indicators. After adjustment,
HTP users scored 2.06 points lower than CC users on the PHQ-9 and 2.42 points lower on
the GAD-7, whereas non-users scored 3.48 and 3.71 points lower than CC users, respec-
tively. Non-users also had lower scores than HTP users on both outcomes. The use of
heated tobacco products as the comparison group represents one of the strengths of the
present study, as it allowed an indirect evaluation of the hypothesis that combustion-related
toxicants rather than nicotine alone may contribute to depressive and anxiety symptoms. Al-
though the present study did not assess biological markers, the observed gradient between
CC smokers and HTP users are compatible with the hypothesis that reduced exposure
to combustion-related toxicants may result in lower oxidative stress and inflammatory
activity, potentially contributing to lower levels of depressive and anxiety symptoms.

Our findings are in agreement with previous longitudinal evidence demonstrating
an association between cigarette smoking and depressive and anxiety symptoms and pre-
vious cross-sectional studies showing poorer mental health among smokers than among
non-smokers [42,43]. Evidence regarding HTP use, however, remains limited and hetero-
geneous. Unlike most previous studies, which evaluated smokers as a single group or
focused primarily on combustible cigarettes, our study directly compared CC smokers
with HTP users, with non-smokers included as a reference group, and observed differences
in depressive and anxiety symptom severity between the groups. Similar, to Lee et al.,
we reported that users of nicotine products, including HTPs, had a higher prevalence of
depressive symptoms than non-users [33]. However, Lee et al. found that HTP-only users
had a higher prevalence of moderate-to-severe depressive symptoms than CC-only users
and, after adjustment, showed a stronger association with moderate-to-severe depressive
symptoms relative to non-users. This differs from the pattern observed in our study, in
which depressive symptom scores were higher among CC smokers than among HTP users.
Differences in participant characteristics, outcome definitions, adjustment strategies, and
tobacco-use patterns may explain these discrepant findings. Cho et al. [44] reported that
both combustible cigarette smokers and users of non-combustible nicotine or tobacco
products had higher odds of generalized anxiety disorders than never-users, with numeri-
cally higher odds among combustible cigarette smokers. However, their non-combustible
group was broader than HTP use alone, and the study focused specifically on generalized
anxiety disorder rather than depressive and anxiety symptom severity. In contrast, our
study directly compared exclusive CC and HTP users using continuous PHQ-9 and GAD-7
scores. Overall, differences in study populations, definitions of tobacco product use, mental

https://doi.org/10.3390/medicina62091618

https://doi.org/10.3390/medicina62091618


Medicina 2026, 62, 1618 12 of 17

health measures, and covariate adjustment may contribute to the heterogeneous findings
across studies.

The characteristics of the subjects in our study provide context for the interpretation
of the results. All three groups had similar numbers of participants, and the distribution of
women and men was relatively balanced. The mean age across the groups ranged from
approximately 35.5 to 39.3 years, reflecting that most subjects were middle-aged adults.
The majority of participants in all groups were employed full-time. This suggests that
the results are not based exclusively on data from the unemployed, students, retirees, or
clinical populations, but are largely representative of socially and economically active
adults engaged in daily working lives. The groups were also relatively similar in terms
of educational attainment, and general employment profile. This similarity reduced the
likelihood that the differences in depression and anxiety were explained solely by the strong
sociodemographic distinctiveness of one group, like in Seo et al. (2024)’s research [45]. In
addition, the regression models statistically controlled for age, sex, education, employment,
and income. However, the groups were not completely identical. The non-user group was
slightly older, the combustible cigarette user group had a higher mean frequency of alcohol
consumption, and sleep quality scores also differed between the groups. For this reason,
adjusted regression models are more informative than a simple comparison of unadjusted
means. Even after controlling sociodemographic, lifestyle, and health factors, the inclusion
of the group variable statistically significantly improved the explanatory power of both
regression models. In the depression model, the group variable explained an additional
5.75% of the variance in depression, and 7.64% of the variance in anxiety model. These
group associations remained statistically significant when inference was based on HC3
robust standard errors and BCa bootstrap confidence intervals. Thus, tobacco-use group
remained associated with symptom severity after statistical adjustment. This indicates
that the tobacco-use group was associated with depressive and anxiety symptomatology
after controlling for age, gender, education, employment, income, quality of life, physical
activity, and other confounders included in the models, but ∆R2 should be interpreted as
an incremental association rather than a causal contribution.

We found that depression and anxiety scores were associated with gender, employ-
ment, sleep quality, and physical activity, but were not related to education or income. In
addition, anxiety scores were significantly associated with age. Similar trends were also
shown in a recent national sample study conducted in Korea, in which both exclusive users
of heated tobacco and users of both combustible cigarettes and heated tobacco were more
likely to have depressive symptoms than non-smokers [33].

According to our study, CC users had the highest scores on both psychological indica-
tors. Compared to this group, HTP users had an average of 2.06 points lower depression
scores and 2.42 points lower anxiety scores. Even greater differences were found when
comparing CC users with non-smokers: non-smokers had a depression score of 3.48 points
lower and an anxiety score of 3.71 point lower. Thus, in the non-smokers group, both
scales’ scores were significantly lower than those of combustible tobacco users. This struc-
ture of the results is consistent with the study hypothesis that the combustion process
and the associated higher exposure to toxic compounds may be one of the factors linking
cigarette use to poorer psychological well-being. Tobacco combustion produces many
reactive compounds that can promote oxidative stress and inflammatory processes [46,47].
These biological processes could theoretically affect neurotransmitter metabolism, neuroen-
docrine regulation, mitochondrial function, and other mechanisms related to symptoms
of depression and anxiety [48]. Since HTPs do not burn in the same way as combustible
cigarettes [49], the lower depression and anxiety scores in this group could be related
to lower exposure to toxic compounds and the potential oxidative stress that this may
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cause, although this hypothesis requires confirmation in longitudinal studies incorporating
biomarkers of oxidative stress, inflammation, HPA-axis activity, and nicotine exposure.

Although the lowest scores for depression and anxiety symptoms were found in
the group of non-users of tobacco products, a proportion of them also had symptoms of
depression and anxiety. This result is not unexpected and is consistent with epidemiological
studies [50] showing that symptoms of depression and anxiety are relatively common in
the general population and reminds that mental health is determined by many interacting
factors, and smoking is only one of the possible risk factors. Mental health is determined
by the complex interaction of biological, psychological, and social factors, including genetic
susceptibility, chronic stress, sleep disturbances, physical inactivity, social environment,
and coexisting health conditions [51,52]. Our regression models showed this: poorer
sleep quality and lower physical activity were associated with higher depression and
anxiety scores.

The product-specific dependence analyses provide additional context for the observed
differences between tobacco-use groups. Greater dependence severity was associated with
higher depressive and anxiety symptom scores within both groups: higher FTND scores
were associated with higher PHQ-9 and GAD-7 scores among CC smokers, while similar
associations were observed for HeaTPAQ scores among HTP users. However, FTND and
HeaTPAQ are product-specific instruments with different scoring systems and cannot be
directly compared between groups. Therefore, although dependence severity was related
to mental health symptoms within both groups, the present analyses cannot determine
whether differences in dependence contribute to the observed differences in depressive
and anxiety symptoms between CC and HTP users.

Sleep quality and physical activity also require careful consideration. These variables
were included as potential lifestyle confounders, but they may themselves be related to
nicotine use and to depressive and anxiety symptoms. Their inclusion in the primary
models could therefore have attenuated the associations with tobacco-use group. However,
sensitivity analyses excluding sleep quality and physical activity showed the same overall
pattern, with the differences between tobacco-use groups becoming somewhat larger. This
suggests that the observed group differences were not dependent on adjustment for these
factors. Nevertheless, the cross-sectional design does not allow the direction of these
associations to be established. Depressive and anxiety symptoms may themselves influence
continued smoking, cessation difficulty, switching between products, or the choice of
tobacco product. Reverse causation therefore remains a plausible alternative explanation
for the observed associations.

Several limitations should be considered when interpreting these results. First, the
cross-sectional design precludes the establishment of causal relationships, and reverse
causality remains a possibility, as symptoms of depression or anxiety could influence
smoking persistence, cessation, switching behavior, or product choice. Although several
sociodemographic, health, and lifestyle factors were included in the analysis, residual
confounding cannot be ruled out regarding factors such as mental health history, socioe-
conomic stressors, or motivations for product choice. Second, convenience-based online
recruitment may have introduced selection and non-response biases, limiting the gener-
alizability of the findings. Furthermore, including only single-product users in the study
may not fully reflect real-world patterns, given the prevalence of dual users; however, the
study’s objective necessitated this approach. Finally, the observed differences in depressive
and anxiety symptoms cannot be attributed to oxidative stress or other proposed biological
mechanisms, since biomarkers of oxidative stress, inflammation, HPA-axis function, or tox-
icant exposure were not assessed. Therefore, the biological mechanism remains theoretical
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and should be tested in future studies, including measures such as oxidative damage, the
antioxidant system, and systemic inflammation.

Our study results highlight the need for a more interdisciplinary approach to under-
standing the links between different patterns of tobacco product use and mental health.
Although research to date has mostly focused on individual biological or psychosocial
aspects of this relationship, comprehensive studies that integrate knowledge from medicine,
psychology, public health, and social sciences are still limited. Future research combining
medical, psychological, public health, and social science approaches could simultaneously
assess potential biological pathways, including HPA-axis regulation, inflammation, and
oxidative stress, together with psychological, behavioral, and social factors related to to-
bacco use and mental health. Such an integrated approach may help clarify the complex
and potentially bidirectional relationships observed in the present study and provide a
stronger basis for future prevention and intervention strategies.

5. Conclusions
Our study results showed that combustible cigarette users had the highest adjusted

depression and anxiety scores, HTP users had intermediate scores, and non-smokers had
the lowest. In both tobacco-using groups, greater product-specific nicotine dependence
was associated with higher PHQ-9 and GAD-7 scores. Further interdisciplinary studies
incorporating biomarkers of nicotine exposure, HPA-axis function, inflammation, and
oxidative stress are needed to clarify whether the observed differences reflect the charac-
teristics of individuals who choose specific tobacco products or are partly attributable to
product-specific effects.
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