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Objective: This study aims to assess differences in depressive and anxiety symptoms at 6-month follow-up in a
smoking cessation trial using e-cigarettes as quitting aids.

Methods: We conducted a secondary analysis of the Swiss multicentre ESTXENDS smoking cessation randomized
controlled trial (RCT) assessing differences in depressive (Patient Health Questionnaire-9, PHQ-9, range: 0-27)
and anxiety symptoms (General Anxiety Disorder-7, GAD-7, range: 0-21) at 6-month follow-up comparing
participants who received e-cigarettes to those who received smoking cessation counseling alone.

Results: Of 1244 participants 913 completed the PHQ-9 and 884 the GAD-7 at 6-month follow-up. Mean PHQ-9
scores (SD) at 6 months for the intervention group were 3.7 (3.9), control group: 4.0 (4.2); mean GAD-7 scores
(SD) at 6 months for the intervention group were 4.6 (4.3), control group: 4.6 (4.4). Multivariable analyses
showed no evidence of a clinically relevant intervention effect on the PHQ-9 [coefficient — 0.101, 95 % CI -0.182
to —0.019, p = .016, corresponding to a 0.9 decrease of the original PHQ-9 score] and the GAD-7 scores [co-
efficient — 0.056, 95 % CI -0.135 to 0.022, p = .160] in the main adjusted models.

Conclusions: Among smokers who participated in the ESTXENDS smoking cessation trial, we found distribution of
e-cigarettes for smoking cessation in addition to standard counseling compared to counseling alone had no
clinically relevant effect on depressive or anxiety symptoms at 6-month follow-up.

Trial Registration: ClinicalTrials NCT03603340

1. Introduction

E-cigarettes (electronic nicotine delivery systems or ENDS) are
increasingly popular among smokers who want to quit and may be
efficacious smoking cessation aids [1]. However we do not know if they
can be safely used by smokers with regards to mental health symptoms.
People with mental illnesses are more likely to smoke, start smoking

earlier, and smoke more heavily than those in the general population
[2]. Depression is twice as common among smokers than non-smokers
[3] and people with depression who try to quit smoking are less likely
to succeed than those without depression [4,5]. Mental health pro-
fessionals may fear that patients' depressive symptoms will worsen after
quitting [6] and hesitate to encourage smokers with depression to quit.
Clinicians may be discouraged from recommending e-cigarettes for
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smoking cessation to people with mental illness because there is little
empirical evidence on the safety of e-cigarettes concerning mental
health [7], and public health debates about the efficacy and safety of e-
cigarettes in this population, e.g., in Australia [8,9], are ongoing.

Clinicians need to know if using e-cigarettes for smoking cessation
influences depressive and anxiety symptoms. A recent Cochrane review
of 102 smoking cessation studies about mental health after quitting did
not consider e-cigarettes as smoking cessation aid but concluded that
smoking cessation does not change and may improve smokers' mental
health after smoking cessation [10]. This review included a heteroge-
nous selection of mostly secondary analyses from randomized controlled
trials (RCTs) and longitudinal studies, some of which found that
depressive symptoms improved more in abstainers than in continuing
smokers [11-15]. Other studies, including the largest smoking cessation
RCT, showed similar improvement of depressive symptoms, indepen-
dent of smoking status [5,16,17]. Data from cross-sectional and longi-
tudinal observational studies on e-cigarettes and mental health
suggested a relationship between worse mental health and use of e-
cigarettes but were not designed to establish causality [18-23], so there
is pressing need to investigate the effect of e-cigarettes on mental health
symptoms within an RCT.

The large Efficacy, Safety and Toxicology of Electronic Nicotine
Delivery Systems as an aid for smoking cessation (ESTXENDS) RCT
offered the opportunity to compare the effect of e-cigarettes and stan-
dard of care smoking cessation counseling on depressive and anxiety
symptoms to that of standard counseling alone in a self-selected sample
of individuals willing to quit smoking from the general population. Six
months after target quit date, we averaged and compared scores for
depression and anxiety symptoms in the intervention and control group,
and also compared the change in scores between baseline and 6 months.
An exploratory per-exposure analysis determined potential associations
between smoking, e-cigarette use and depressive or anxiety symptoms.

2. Methods
2.1. Study design and participants

This study is a secondary analysis of the ESTXENDS trial. ESTXENDS,
an open-label, multicenter RCT conducted in Switzerland (described in
detail elsewhere [24]), tested the effect of supplementing standard of
care counseling with free e-cigarettes and e-liquids for 6 months, and
compared the outcomes to standard counseling alone. Participants were
recruited via advertisements on social media, in the lay press, in health
care facilities and on public transport. Inclusion criteria were adults
(>18 years) smoking at least 5 cigarettes per day in the last 12 months
and willing to quit smoking within the next 3 months. Exclusion criteria
were minimal: being pregnant or breast-feeding and use of nicotine
replacement therapy, e-cigarettes or tobacco heating systems in the
previous 3 months. Psychiatric comorbidities were not exclusion
criteria. The local ethics committees of each participating study site
approved the trial. Participants were randomized in a centralized
computed process (ratio 1:1). For this study, we used data from the
baseline visit and the follow-up visit that took place 6 months after the
smoker's target quit date.

2.2. Intervention

The intervention group participants received 2 e-cigarette devices
and e-liquids with or without nicotine for free, which they could
consume ad libitum for 6 months, they also received standard of care
smoking cessation counseling. The control group participants received
only standard counseling. Smoking cessation counseling was provided in
person at the first clinical visit, over the phone at target quit date, one
week later, and again at weeks 2, 4, and 8 after target quit date. After 6
months, participants were invited to visit the clinic in person.
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2.3. Measures

Depression. We used the Patient Health Questionnaire-9 items (PHQ-
9) to assess self-reported depressive symptoms and their severity in the
2-week period prior to baseline and 6-month follow-up. The PHQ-9 is a
validated questionnaire based on the DSM-IV's diagnostic criteria for
major depression and is sensitive to change over time [25]. It is also a
preferred measure for assessing the severity of depression according to
the DSM-5 [26]. Total score indicates the severity of suspected depres-
sion (range: 0-27, higher values indicate worse symptoms). The internal
consistency was excellent at baseline and 6 months (Cronbach alpha =
0.81 at baseline and 0.82 at 6 months). For the subgroup analysis, we
used the recommended cut-off of 9 (moderate depression) [27].

Anxiety. Symptoms of generalized anxiety disorder (GAD) were
assessed with the validated GAD-7 item questionnaire in the 2-week
period prior to baseline and 6-month follow-up [28]. The DSM-IV's
diagnostic criteria were used to validate the GAD-7, and it is a useful tool
to assess the severity of DSM-5 GAD [29]. Total score indicates severity
of anxiety symptoms (range: 0-21, higher values indicate worse symp-
toms). The internal consistency was excellent at baseline and 6 months
(Cronbach alpha = 0.89 at both time points). For the subgroup analysis,
we used the recommended cut-off of 9 (moderate anxiety) [27].

Smoking characteristics. Participants took the Fagerstrom Test for
Cigarette Dependence (range 1-10, higher scores indicate greater de-
pendency) [30]. We assessed the number of cigarettes smoked each day
and the number of earlier quit attempts.

Smoking status at 6-month follow-up. In ESTXENDS, a range of smoking
cessation outcomes were assessed at the 6-month follow-up visit. In this
analysis, we used 7-day point-prevalence abstinence, computed based
on self-reported use of any tobacco cigarettes or e-cigarettes for the 7
days before the 6-month visit. For our per-exposure analysis, we divided
participants into 2 groups: e-cigarette use (yes/no) and tobacco smoking
(yes/no).

Baseline sociodemographic and health variables. We assessed gender,
Body Mass Index (BMI), education level, working situation and antide-
pressant and anxiolytic (benzodiazepines, hypnotics, or sedatives) use.
To define the medication, we adhered to the standard set by the WHO
Collaborating Centre for Drug Statistics Methodology. Participants
completed the Alcohol Use Disorders Identification Test-Concise
(AUDIT-C), which assessed frequency and quantity of alcohol con-
sumption and the number of times per year participants consumed 6 or
more standard drinks on the same day. We used the usual cut-off score of
>3 points for women and > 4 points for men to indicate potential
problematic alcohol use [31]. Participants were asked if they used
cannabis during the last 6 months.

2.4. Statistics

Sample size was computed for the primary ESTXENDS outcome
(smoking cessation at 6-month follow-up, Trial Registration: Clin-
icalTrials NCT03589989, [24]). We did not compute sample size for this
secondary analysis. We made a separate entry for secondary analyses on
clinicaltrials.gov, so we could formulate the main outcome for second-
ary analyses a priori (Trial Registration: ClinicalTrials NCT03603340).

We first used descriptive statistics to summarize baseline character-
istics as percentages and n or means with standard deviations. We
explored patterns of missing values and used multiple imputation. A few
baseline characteristics were imputed for participants who took the
PHQ-9 and GAD-7 at 6 months (4 values for the BMI, 1 for the PHQ-9, 2
for the GAD-7, and 7 for the AUDIT-C score), as well as missing PHQ-9
and GAD-7 scores at 6 months. We used multiple imputation by chained
equation, with m = 10 and use of logit regression for binary variables
with missing values and truncated regression with limits using the
minimum and maximum values observed in the sample for continuous
variables. Predictors were sex, age, level of education, work status,
cannabis consumption during the last 6 months, number of previous quit
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attempts, Fagerstrom score, number of cigarettes smoked daily, anti-
depressant and anxiolytic use. All analyses were performed on the
imputed datasets. We next used linear regression models to compare
groups (intervention vs. control), first for depressive, then for anxiety
symptoms. Adjusted models controlled for baseline variables (baseline
levels of depressive and anxiety symptoms, Fagerstrom score, number of
cigarettes smoked daily, number of previous quit attempts, problematic
alcohol use (vs. not problematic & none), cannabis consumption during
the last 6 months, gender, BMI, education level, working situation, an-
tidepressant and anxiolytic use). Before interpreting the adjusted
models, we checked for multicollinearity and removed multicollinear
variables. We conducted intention-to-treat analyses according to base-
line randomization. Additionally, we performed a subgroup analysis on
1) participants with a baseline PHQ-9 score above 9 and 2) participants
with a baseline GAD-7 score above 9. We used similar analyses as
described above. For our per-exposure analysis, we used 7-day point-
prevalence data collected at the 6-month visit to classify participants
into 2 groups [32]. Our linear regression models tested the association of
exposure to tobacco smoking, e-cigarette use, and their interaction with
1) depressive and 2) anxiety symptoms. We present unadjusted and
adjusted models. Since using adjusted models improves precision and
power, we considered them our primary analyses in this study [33]. We
present additional unadjusted and adjusted models of the change in
PHQ-9 and GAD-7 from baseline to the 6-month follow-up visit, as
described for the main outcome. For all models, we report a measure of
effect size (adjusted R%). When associations between the group and the
outcomes were statistically significant, we converted them in the orig-
inal scale for interpretability of clinical relevance. All analyses were
conducted in STATA, version 18, with a two-tailed 0.05 significance
level.

3. Results
3.1. Baseline characteristics

A total of 2027 smokers were screened (399 did not meet inclusion
criteria, 382 declined participation); 1246 were randomized (622 in the
intervention group, 624 in the control group); and 2 participants (1 per
group) were excluded in this analysis because no PHQ-9/GAD-7 data
was available both at baseline and 6 months. We included 1244 par-
ticipants (621 in the intervention; 623 in the control group); mean (SD)
age was 41.1 (13.5) years; 47 % were women (Table 1). Participants
were recruited between July 2018 and June 2021. Data of the 6 months
visits were collected until March 2022. A total of 913 participants (504
in the intervention; 409 in the control group; Supplement eTable 1)
completed the PHQ-9 at the 6-month follow-up visit. Mean PHQ-9 scores
and standard deviations (SD) at baseline were 4.4 (4.2) in the inter-
vention group and 4.4 (4.3) in the control group. A total of 884 partic-
ipants completed the GAD-7 at 6 months follow-up; mean GAD-7 scores
at baseline were 5.5 (4.4) in the intervention group and 5.3 (4.6) in the
control group. Approximately 12 % of participants were taking antide-
pressants at baseline; 3 % were taking anxiolytics. About 33 % of par-
ticipants had consumed cannabis during the last 6 months; 61 % had
potentially problematic alcohol use.

3.2. Intention-to-treat analyses

Mean (SD) PHQ-9 score at 6 months in the intervention group was
3.7 (3.9) and 4.0 (4.2) in the control group (Table 2). We found no ev-
idence the intervention influenced the PHQ-9 score in the unadjusted
analysis [coefficient — 0.084, 95 % CI -0.181 to 0.013, p = .091, effect
size 0.2 %] (Table 3). In the main adjusted model, we found a statisti-
cally significant difference [coefficient — 0.101, 95 % CI -0.182 to
-0.019, p = .016, effect size 32.8 %] corresponding to a 0.9 decrease of
the original PHQ-9 score in the intervention group compared to the
control group (Table 3). Mean (SD) difference in PHQ-9 score from
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Table 1
Baseline characteristics.
Characteristic Total Control Intervention Imputed
Participants Group Group Values
Participants (N) 1244 623 621
Women - no. (%) 585 (47.0) 295 (47.4) 290 (46.7) 0
5 25.7 (4.9, 25.7 (4.9, 25.6 (4.9,
BMI - kg/m 15.2;49.9) 15.2;49.9) 15.7;44.5) 4
Age - years 41.1 41.7 40.4 0
(13.5,18;79) (13.3,18;78) (13.6,18;79)
Education level
categorized - no. 0
(%)
Obligatory school
1/Other,/None 95 (7.6) 45 (7.2) 50 (8.1)
Secondary 568 (45.7) 277 (445) 291 (46.9)
education II
Tertiary 581 (46.7) 301 (48.3) 280 (45.1)
education III
Work situation
categorized - no. 0
(%)
Unemployed 237 (19.1) 111 (17.8) 126 (20.3)
Employed/self-
employed/In 1007 (81.0) 512 (82.2) 495 (79.7)
education
Smoking
characteristics
Fagerstrom score 4323, 4423, 4323, 0
0;10) 0;10) 0;10)
2;:;:;5505;0]@ 4 168077, 16.9 (7.5, 16.8 (7.8, o
. 5;60) 5;50) 5;60)
daily
Participants with
at least one. 1061 (85.3) 530 (85.1) 531 (85.5) 0
previous quit
attempt - no. (%)
;‘gllzirs qu i 2537, 2.5 (3.8, 2.4 (3.6, o
0;50) 0;50) 0;50)
attempts
Psychiatric
characteristics
PHQ-9 score at 4.4 (4.2, 4.3 (4.2, 4.4 (4.2, 1
baseline 0;25) 0;25) 0;25)
Participants with
PHQ-9 score at 155(125) 73 (117) 82 (13.2) 1
baseline>9 - no.
(%)
GAD-7 score at 5.4 (4.5, 5.3 (4.6, 5.5 (4.4, 9
baseline 0;21) 0;21) 0;21)
Participants with
GAD-7 score at 215(17.3)  102(16.4) 113 (18.2) 2
baseline>9 - no.
(%)
Antidepressantsat 01 (15 1y 79(127) 72 (11.6) 0
baseline no. (%)
Anxiolytics at 42 (3.4) 19 (3.1) 23 (3.7) 0
baseline no. (%) . : :
Alcohol use -
AUDIT-Cscore = .5, (60.8) 387 (62.8) 365 (58.8) 7
3 women/>4
men) - no. (%)
Cannabis use last
6 months - no. 416 (33.4) 196 (31.5) 220 (35.4) 0

(%)

Means (SD, ranges) are reported unless otherwise stated. SD = Standard Devi-
ation, PHQ-9 = Patient Health Questionnaire-9 items (range: 0-27), GAD-7 =
General Anxiety Disorder-7 (range: 0-21), AUDIT-C = Alcohol Use Disorders
Identification Test-Concise. All analyses used multiple imputation by chained
equation for missing values.

baseline to 6 months was — 0.5 (3.6) in the intervention group and — 0.2
(3.7) in the control group. No model showed the intervention influenced
the change in PHQ-9 score [unadjusted analysis: coefficient — 0.385, 95
% CI -0.844 to 0.074, p = .099, effect size 0.2 %; main adjusted model:
coefficient — 0.330, 95 % CI -0.743 to 0.083, p = .116, effect size 22.5
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Table 2
Depressive and anxiety symptoms at 6 months.
Outcome Control Group Intervention
Group
Mean PHQ-9 score (SD, range) 4.0 (4.2,0-22) 3.7 (3.9,0;22)
Mean change in PHQ-9 score from BL to M6 -0.2 (3.7, -0.5 (3.6,
(SD, range) —14;19) —17;15)
Mean GAD-7 score (SD, range) 4.6 (4.4, 0;21) 4.6 (4.3,0;21)
Mean change in GAD-7 score —0.6 (3.9, —0.6 (3.8,
from BL to M6 (SD, range) —15;13) —13;17)

SD = Standard Deviation, PHQ-9 = Patient Health Questionnaire-9 items (range:
0-27), GAD-7 = General Anxiety Disorder-7 (range: 0-21).
All analyses used multiple imputation by chained equation for missing values.

Table 3
Unadjusted and adjusted linear regressions for depressive and anxiety symptoms
outcome at 6 months.

Unadjusted models Adjusted models’

Outcome Coefficient p- Effect Coefficient p- Effect
(95 % CI) value size (95 % CI) value size
—0.084 —-0.101

PI‘;CQ(;?e (—0.181 to 0.091 0.2 % (—0.182 to 0.016 3/02'8
0.013) —0.019)

Changein  —0.385 —0.330 295
PHQ-9 (—0.844 to 0.099 0.2 % (—0.743 to 0.116 % :
score 0.074) 0.083)

—0.030 —0.056

GAD-7 (—0.125 to 0.536 0.0 % (—0.135 to 0.160 034'2

score %
0.065) 0.022)

Changein  —0.256 0.094 207
GAD-7 (—0.720 to 0.277 0.0 % (—0.513 to 0.659 % ’
score 0.207) 0.325)

CI = Confidence Interval, PHQ-9 = Patient Health Questionnaire-9 items (range:
0-27), GAD-7 = General Anxiety Disorder-7 (range: 0-21).
All analyses used multiple imputation by chained equation for missing values.
The coefficient is a slope, which corresponds to the difference between the
standard counseling (reference) and e-cigarettes + standard counseling groups.
! The adjusted model controlled for baseline levels of depressive and anxiety
symptoms, smoking characteristics (Fagerstrom, number of cigarettes smoked
daily, number of previous quit attempts), problematic alcohol use, cannabis use
last 6 months, gender, BMI, education level, working situation, antidepressant
and anxiolytics use at baseline.

%].

Mean (SD) GAD-7 scores at 6 months were 4.6 (4.3) in the inter-
vention group and 4.6 (4.4) in the control group (Table 2). We found no
evidence the intervention influenced the GAD-7 score in the unadjusted
model [coefficient — 0.030, 95 % CI -0.125 to 0.065, p = .536, effect size
0.0 %], in the main adjusted model [coefficient — 0.056, 95 % CI -0.135
to 0.022, p = .160, effect size 34.2 %], or in any other model (Table 3).
Mean (SD) difference in GAD-7 score from baseline to 6 months was —
0.6 (3.8) in the intervention group and — 0.6 (3.9) in the control group.
We found no evidence the intervention influenced the change in GAD-7
score [unadjusted analysis: coefficient — 0.256, 95 % CIL: -0.720 to
0.207, p = .277, effect size 0.0 %; main adjusted model: coefficient
0.094, 95 % CI -0.513 to 0.325, p = .659, effect size 20.7 %].

A subgroup analysis including participants with a baseline PHQ-9
score above 9 (intervention group N = 55, control group N = 42,
baseline antidepressant use: 27 %, baseline anxiolytic use: 6 %) showed
overall high mean (SD) PHQ-9 scores with 8.7 (5.0) in the intervention
group and 9.8 (5.6) in the control group at 6 months (Supplement
eTable 2a). No model showed the intervention influenced the mean
PHQ-9 score in this subgroup [unadjusted analysis: coefficient — 0.093,
95 % CI -0.352 to 0.166, p = .478, effect size 0.5 %; main adjusted
model: coefficient — 0.102, 95 % CI -0.359 to 0.156, p = .433, effect size
21.2 %], or in any other model (Supplement eTable 3a). Mean (SD)
differences in PHQ-9 scores from baseline to 6 months were — 3.8 (5.4)
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in the intervention group and — 3.4 (4.8) in the control group. No model
showed the intervention influenced the change in PHQ-9 score [unad-
justed analysis: coefficient — 0.437, 95 % CI -2.518 to 1.644, p = .677,
effect size 0.9 %; main adjusted model: coefficient — 1.038, 95 % CI
-3.145 to 1.070, p = .330, effect size 18.0 %].

A subgroup analysis including participants with a baseline GAD-7
score above 9 (intervention group N = 80, control group N = 65,
baseline antidepressant use: 21 %, baseline anxiolytic use: 7 %) showed
overall high mean (SD) GAD-7 scores with 9.2 (5.1) in the intervention
group and 9.4 (5.8) in the control group at 6 months (Supplement
eTable 2b). We found no evidence the intervention influenced the GAD-
7 score in this subgroup in the unadjusted model [coefficient — 0.027,
95 % CI-0.195 to 0.249, p = .809, effect size 0.6 %], in the main adjusted
model [coefficient 0.101, 95 % CI -0.122 to 0.324, p = .371, effect size
16.2 %], or in any another model (Supplement eTable 3b). Mean (SD)
differences in GAD-7 scores from baseline to 6 months were — 3.5 (4.9)
in the intervention group and — 4.1 (5.4) in the control group. We found
no evidence the intervention influenced the change in GAD-7 score
[unadjusted analysis: coefficient 0.458, 95 % CI: -1.237 to 2.153, p =
.594, effect size 0.5 %; main adjusted model: coefficient 0.186, 95 % CI
-1.581 to 2.949, p = .837, effect size 9.4 %].

3.3. Per-exposure analyses

A total of 1056 participants completed the 7-day-point prevalence
question concerning tobacco smoking and e-cigarette use, 399 used e-
cigarettes and 533 smoked tobacco. The simple linear regression showed
no evidence using e-cigarettes or smoking tobacco influenced the PHQ-9
score in the unadjusted model (Table 4a). In the main adjusted model,
the use of e-cigarettes showed a statistically significant difference [co-
efficient — 0.141, 95 % CI —0.261 to —0.022, p = .020, effect size 35.5
%] corresponding to a 0.9 decrease of the original PHQ-9 score in e-
cigarette users compared to non-users. The simple linear regression
showed no evidence using e-cigarettes or smoking tobacco influenced
the GAD-7 score in the unadjusted analysis or in the main adjusted
model (Table 4b).

4. Discussion

Among smokers who participated in the ESTXENDS smoking cessa-
tion trial, we found distribution of e-cigarettes for smoking cessation in
addition to standard counseling compared to counseling alone had no
clinically relevant effect on depressive or anxiety symptoms at 6-month
follow-up. The results from the adjusted analysis concerning the
depressive symptoms at 6 months were statistically significant

Table 4a
Per-exposure analysis: Linear regressions of depressive symptoms at 6 months
according to exposition to e-cigarette use and tobacco smoking.

Groups Unadjusted models Adjusted models’
Coefficient p- Effect Coefficient p- Effect
(95 % CI) value size (95 % CI) value size
. —0.091 —0.141
E'i’f;r:tte (-0.235t0 0220 0.2% (-0.261to  0.020 (?:'5
0.054) —0.022)
. 0.130 0.048
le;r;z:s (-0.052to 0162 02% (-0.102to  0.529 ;‘—"5
0.313) 0.198)
Interaction
between
E- —0.084 —0.099 355
cigarette (—0.310 to 0.469 0.2 % (—0.286 to 0.295 %
users and 0.143) 0.087)
cigarette
smokers
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Table 4b
Per-exposure analysis: Linear regressions of anxiety symptoms at 6 months ac-
cording to exposition to e-cigarette use and tobacco smoking.

Groups Unadjusted models Adjusted models’
Coefficient p- Effect Coefficient p- Effect
(95 % CI) value size (95 % CI) value size
. —0.000 0.007
E'ilsizette (-0.147to 0997 0.0% (-0131to  0.908 f/f's
0.147) 0.116)
. 0.007 0.058
lei{:ﬁ:g (-0.178to 0940 0.0% (-0.211to  0.480 f/f's
0.192) 0.100)
Interaction
between
E- 0.094 0.093 35.8
cigarette (—0.134 to 0.419 0.0 % (—0.098 to 0.339 %
users and 0.322) 0.283)
cigarette
smokers

CI = Confidence Interval, PHQ-9 = Patient Health Questionnaire-9 items (range:
0-27), GAD-7 = General Anxiety Disorder-7 (range: 0-21).
All analyses used multiple imputation by chained equation for missing values.
The coefficient is a slope, which corresponds to the difference between the
standard counseling (reference) and e-cigarettes + standard counseling groups.
! The adjusted model controlled for baseline levels of depressive and anxiety
symptoms, smoking characteristics (Fagerstrom, number of cigarettes smoked
daily, number of previous quit attempts), problematic alcohol use, cannabis use
last 6 months, gender, BMI, education level, working situation, antidepressant
and anxiolytics use at baseline.

underlined by the slightly lower PHQ-9 score in the intervention group
at 6 months. However, this effect was clinically not relevant due to the
very small difference (0.9 difference in the original PHQ-9 score ranging
from O to 27). A clinically relevant difference with regards to the PHQ-9
score would be 5 points [34]. The results were non-significant in two
subgroup analyses of participants with elevated depressive or anxiety
scores at baseline. This underlines that distribution of e-cigarettes for
smoking cessation had no clinically relevant effect on depressive or
anxiety symptoms at 6-month follow-up not only in the whole study
population, but also in the subgroups with mental health symptoms at
baseline. In the per-exposure analysis depressive and anxiety symptoms
in tobacco smokers were not significantly different from those of non-
smokers at 6 months. Anxiety symptoms in e-cigarette users were not
significantly different from those of non-users at 6 months. The adjusted
per-exposure analysis on depressive symptoms of e-cigarette users
compared to non-users at 6 months showed a statistically significant
difference [coefficient — 0.141, 95 % CI -0.261 to —0.022, p = .020,
effect size 35.5 %]. However, this effect was clinically not relevant due
to the very small difference, as it corresponds to a 0.9 difference in the
original PHQ-9 score ranging from 0 to 27. The interaction between
tobacco smoking and e-cigarette use was not statistically significant.

In ESTXENDS, 7-day self-reported smoking abstinence was 53.4 % in
the intervention group and 21.1 % in the control group [24]. Smoking
abstinence rate was higher in the intervention group at 6 months,
depression scores improved similarly across groups. Our results align
with those of an RCT that compared the neuropsychiatric safety of
varenicline, bupropion and nicotine patches among smokers with and
without psychiatric comorbidities: depression scores over all treatment
groups improved similarly [5]. Our findings also accord with those of a
recent Cochrane review of 102 studies about smoking cessation (not
including e-cigarettes) and mental health outcomes, suggesting that
smoking cessation does not worsen mental health [10].

Our results show that participants who received e-cigarettes for
smoking cessation along with SOC did not have more depressive or
anxiety symptoms than participants who received SOC alone. Previous
observational studies reported a higher proportion of e-cigarette use
among people with mental health problems [18-23]. Similar associa-
tions have been described in the past, before e-cigarettes were available
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for tobacco smoking [2]. In a longitudinal analysis of observational data
e-cigarette use did not predict subsequent depression, but depression
predicted subsequent use of e-cigarettes [22]. This would suggest that e-
cigarette use is a consequence of depression and not the reverse. Our
findings allow to explore these associations further and show that e-
cigarettes for smoking cessation do not lead to worse mental health
symptoms. Our results can't however be extrapolated to persons who use
e-cigarettes for other purposes than for smoking cessation. Concerning
our results there are at least two possible interpretations from our point
of view. First, if smoking cessation has a positive effect on mental health
and if e-cigarettes have a negative effect on mental health, the effects
might have canceled each other out in this study. Second, it is also
imaginable that neither the use of e-cigarettes nor smoking cessation has
a relevant effect on mental health and the improvement is just a spon-
taneous decrease of depressive and anxiety symptoms over 6 months.

4.1. Limitations

Our study had seven limitations. First, the attrition rate was high at 6
months (27 % for the PHQ-9; 29 % for the GAD-7) and was higher in the
control group than in the intervention group. We accounted for attrition
using multiple imputation by chained equation, assuming that data were
missing at random. While this approach helps mitigate bias, we
acknowledge that if important unmeasured variables related to miss-
ingness were not included in our imputation model, some selection bias
may remain. Additionally, 2 participants were excluded in this analysis
because they dropped out very early and had missing values for most
variables that were used in our adjusted model. Second, depression and
anxiety questionnaires were collected at only 2 time points (baseline and
6-month follow-up visit); the calculated change score does not imply a
linear progression, it is possible that during the 6 months there were
other oscillations of the mental health symptoms. Third, the ESTXENDS
trial was a trial that offered e-cigarettes and e-liquids for smoking
cessation to the intervention group but participants were under no
obligation to use them and we did not quantify ENDS use at 6-month
follow-up. Our results cannot be generalized to people who use e-ciga-
rettes for reasons other than smoking cessation. Fourth, psychiatric
comorbidities were not systematically assessed in this study but data on
baseline antidepressant and anxiolytic medication was collected and
could be used to identify participants with depression or anxiety
requiring pharmacological treatment at baseline. Fifth, we did not
analyze psychiatric medication use at 6-month follow-up or changes in
such medication use. Sixth, we did not ask participants whether they
were involved in psychotherapy or other treatments for mental health
symptoms which could explain improvement of depressive and anxiety
symptoms. Seventh, as the ESTXENDS trial was not powered to detect an
effect in a psychiatric population, these results need to be interpreted
cautiously. Future research should define the needed sample size of
participants with mental health problems a priori and test if mental
health safety of e-cigarettes can be confirmed.

The mechanisms of interaction between depression, anxiety, smok-
ing cessation, and e-cigarettes have yet to be fully elucidated. Re-
searchers who conduct studies to test the efficacy and safety of e-
cigarettes should systematically assess psychiatric comorbidities and
stratify participants in two groups considering psychiatric disorders.

5. Conclusion

Distribution of e-cigarettes for smoking cessation had no significant
effect on depressive and anxiety symptoms at 6-month follow-up of the
ESTXENDS smoking cessation trial in a self-selected sample of in-
dividuals willing to quit smoking from the general population. Clinicians
considering adding e-cigarettes to standard of care smoking cessation
counseling can be reassured that on average, changes in depressive and
anxiety symptoms after 6 months are unlikely due to adding e-cigarettes
to standard smoking cessation counseling.
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