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Abstract

The comparative health implications of e-cigarette use versus traditional cigarette smoking remain a critical focus in public
health research. This cross-sectional study examined differences in self-rated general health between exclusive e-cigarette
users and exclusive cigarette smokers, using data from the 2017-2019 Scottish Health Survey. A total of 2484 adults (aged 16
and above) were included and categorized as exclusive e-cigarette users (n=565) or exclusive cigarette smokers (n=1919).
Self-rated health was assessed using a single-item measure with five response categories: “very bad,” “bad,” “fair,” “good,”
and “very good”. Generalized ordinal logistic regression models were used to estimate the association between nicotine
product use and self-rated health, adjusting for age, sex, Scottish Index of Multiple Deprivation, marital status, ethnicity,
alcohol consumption frequency, physical activity, presence of longstanding physical or mental health conditions, and age
of smoking initiation. In the fully adjusted model, exclusive e-cigarette users had higher odds of reporting better self-rated
health compared to exclusive cigarette smokers overall (OR=1.26, 95% CI 1.05-1.51, p=0.012). A graded relationship
was also observed in the fully adjusted model, with progressively lower odds of reporting better self-rated health as smoking
intensity increased, using exclusive e-cigarette users as the reference group. Heavy smokers (> 20 cigarettes/day) had the
lowest odds of reporting better self-rated health (OR =0.63, 95% CI 0.49-0.80, p <0.001), followed by moderate smokers (10
to < 20 cigarettes/day) (OR =0.81, 95% CI 0.66-0.99, p =0.047). In contrast, light smokers (< 10 cigarettes/day) showed no
significant difference in self-rated health compared to exclusive e-cigarette users (OR =0.94, 95% CI 0.75-1.18, p=0.614).
These findings indicate that exclusive e-cigarette use is associated with better self-rated health compared to exclusive cigarette
smoking, particularly among moderate and heavy smokers. Additional analyses revealed no significant differences in self-
rated health among exclusive e-cigarette users based on prior smoking history (OR =0.94, 95% CI 0.43-2.08, p =0.882) or
among exclusive cigarette smokers based on prior e-cigarette use (OR=0.87, 95% CI 0.69-1.09, p=0.219). These findings
suggest that prior use is unlikely to explain the observed association between exclusive e-cigarette use and better self-rated
health compared to exclusive cigarette smoking. Given the subjective nature of self-rated health, these findings should be
interpreted with caution. Future longitudinal studies incorporating objective health measures are essential to assess the long-
term impacts of e-cigarette use and inform evidence-based harm reduction policies.
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E-cigarettes, marketed as a less harmful form of nicotine
consumption, have gained traction among smokers seeking
alternatives, sparking debates within public health about
their long-term health implications and effectiveness as
cessation aids [3—5]. While some research supports their
role in smoking cessation, questions remain regarding the
chronic health impacts of e-cigarettes, particularly as their
popularity grows [4, 5]. To address these uncertainties, it
is critical to explore how users of different nicotine prod-
ucts perceive their health.

Self-rated health (SRH) is widely recognized as a valu-
able indicator in public health research, capturing an indi-
vidual’s holistic perception of their health status [6-8]. SRH
goes beyond physical health alone, incorporating psycho-
logical, social, and lifestyle factors that contribute to a per-
son’s overall well-being [9, 10]. Unlike objective measures,
SRH reflects how individuals assess their own health, which
has been shown to be a strong predictor of morbidity and
mortality across populations [11-13]. As such, SRH is espe-
cially relevant when exploring how users of different nico-
tine products, such as e-cigarettes and traditional cigarettes,
perceive their health [14, 15]. Understanding these subjec-
tive assessments can provide a more comprehensive view
of health outcomes, particularly in relation to harm reduc-
tion strategies. Evaluating SRH among exclusive e-cigarette
users and cigarette smokers allows us to examine whether
the perceived health implications of e-cigarettes influence
users’ sense of well-being compared to those who smoke
traditional cigarettes.

Previous research in England has demonstrated that
exclusive e-cigarette users are more likely to report better
self-rated health compared to traditional cigarette smokers,
providing early insights into how nicotine product choices
may influence perceived health outcomes [15]. However,
these findings have not been replicated in other UK contexts,
such as Scotland. The country offers a relevant context for
SRH among nicotine users, given its evolving patterns in
nicotine consumption. During the 2017-2019 period, the
Scottish Health Survey (SHeS) documented a decline in
smoking rates and an increase in the use of alternative nico-
tine products, including e-cigarettes [16]. More recent data
reflect the continuation of these trends, with smoking rates
declining further to 11% among women and 12% among
men by 2021, down from 16 to 19% respectively in 2019
[17]. Similarly, e-cigarette and heated tobacco product use
among adults aged 16 and over in Scotland rose from 7.3%
in October 2020 to 13.2% in October 2022 [18]. While this
study focuses on data from 2017 to 2019, these more recent
trends reify the relevance of understanding the health per-
ceptions of exclusive nicotine product users. Scotland’s
evolving public health policies, which now consider e-cig-
arettes within the harm reduction framework [19], further
highlight the need for evidence to inform these strategies.
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This study also draws on the Biopsychosocial Model, intro-
duced by George Engel in 1977, which supports SRH as a
meaningful health indicator beyond objective measures [20].
This model posits that health is not merely a result of bio-
logical factors but is also shaped by psychological and social
influences, making it inherently multi-dimensional [20]. SRH
aligns with the Biopsychosocial Model by capturing a person’s
perception of health as shaped by physical symptoms, men-
tal health, lifestyle, and social context. The Biopsychosocial
Model thus reinforces SRH’s value as a health measure, cap-
turing the nuances of health that objective assessments might
overlook [15]. This approach allows us to understand not only
the health status of nicotine users but also the broader social
and psychological factors influencing their health perceptions.

Therefore, this study aims to compare self-rated health
between exclusive e-cigarette users and exclusive cigarette
smokers, using data from the 2017-2019 Scottish Health
Survey. It contributes to the ongoing discourse on harm
reduction, offering evidence-based insights to inform public
health policies in Scotland and beyond.

Methods
Data source, study design, and participants

This study utilizes a secondary cross-sectional analysis of
data from the Scottish Health Survey (SHeS) for the years
2017, 2018, and 2019, providing a combined dataset with
a total of 18,971 participants across these years (5300 in
2017, 6790 in 2018, and 6881 in 2019). The SHeS aims
to capture health data on Scottish adults aged > 16 years
and children aged 0-15 years in private households, offer-
ing insights into health outcomes, risk factors, and trends
across Scotland [21]. Participants are selected through the
postcode address file to ensure a representative sample, and
data collection typically occurs through in-home computer-
assisted personal interviews. Sensitive topics are addressed
via self-completion booklets. In each year, independent sam-
ples were used, meaning new households and individuals
were interviewed in each wave [22]. For this analysis, adult
respondents (> 16 years) were included, and the response
rates were approximately 50% for 2017 and 2018, slightly
lower at 49% for 2019 [21, 22]. The final combined dataset
includes individual responses and demographic and health-
related variables collected through household surveys, main
schedules, and self-completed questionnaires.

Assessment of the main exposures: exclusive
current cigarette smoking and current e-cigarette
usage

In this study, we focused on individuals who exclusively
use either cigarettes or e-cigarettes, using data from the



Internal and Emergency Medicine

combined 2017-2019 Scottish Health Survey. After exclud-
ing children, the dataset comprised 13,410 adult participants
(down from the original 18,971 respondents). Our goal was
to isolate exclusive users of cigarettes or e-cigarettes and
minimize confounding by removing participants who used
both products or other tobacco/nicotine products.

We first identified participants by cigarette smoking status
using the variable rcigstl, which identified current cigarette
smokers (n=2282), former smokers (n=3469), never/occa-
sional smokers (n=7576), and those who refused to answer
(n=30), did not know (n=4), had schedules not obtained
(n=25), or were marked “not applicable” (n=24). We then
used Ecigtot16 to identify e-cigarette usage: current users
(n=924), former users (n=1370), never users (n=11,036),
with additional responses labeled “schedule not obtained”
(n=25) or “not applicable” (n=155).

Next, we created a new variable to group participants into
three mutually exclusive categories:

e Exclusive Cigarette Smokers: Current cigarette smok-
ers who do not currently use e-cigarettes. This category
included 1,923 participants, capturing anyone actively
smoking cigarettes, regardless of their past e-cigarette
use.

e Exclusive E-Cigarette Users: Current e-cigarette users
who do not currently smoke cigarettes. We identified 565
such participants, focusing on those who exclusively use
e-cigarettes, irrespective of past cigarette smoking.

e Others: This catch-all group (n=10,922) comprised par-
ticipants who did not fit the above categories, including
dual users, former users of both cigarettes and e-ciga-
rettes, never users, and those with incomplete data.

For our analysis, we dropped the “Others” category from
the dataset to concentrate solely on exclusive use. We also
dropped 4 participants who reported using cigars or pipes
(as indicated by DSMKEO081 and DSMKEOQ82 in the data-
set) to avoid confounding from additional nicotine products.
These exclusions yielded a final analytical sample of 2484
participants, consisting of 1919 exclusive cigarette smokers
and 565 exclusive e-cigarette users.

Assessment of the main outcome: self-rated general
health

The primary outcome of interest in this study is self-rated
general health, captured through a single-item question in
the survey. Participants were asked to rate their general
health by selecting from five categories: “Very good,”
“Good,” “Fair,” “Bad,” and “Very bad.” This measure,
labeled as GenHelf in the dataset, is a widely used indicator
in public health research as it provides a subjective assess-
ment of overall health that has been shown to correlate with

objective health outcomes, including morbidity and mortal-
ity [11-13].

Information on other covariates

In addition to the primary exposures of current cigarette
smoking and current e-cigarette use, our study considered
a range of covariates to account for potential confounders
[15]. These included age group, sex, ethnicity, Scottish
Index of Multiple Deprivation (SIMD), marital status, alco-
hol consumption frequency, physical activity, presence of
longstanding physical or mental health conditions, and age
of smoking initiation. Age group was categorized to reflect
different life stages influencing health behaviors. Sex and
ethnicity addressed demographic differences in health out-
comes and healthcare access. SIMD, a comprehensive meas-
ure of area-level socioeconomic deprivation, included seven
domains—income, employment, education, health, access
to services, crime, and housing—each capturing a different
aspect of deprivation that might affect health outcomes and
health literacy [23]. Marital status accounted for social sup-
port influences on health. Alcohol consumption frequency,
physical activity, and the presence of longstanding physical
or mental health conditions were included as lifestyle and
health indicators that could impact self-rated health. Age
of smoking initiation was also included as a covariate to
capture the potential long-term impacts of early smoking
behaviors on health outcomes. Missing values were handled
by categorizing them separately to ensure completeness in
analyses.

While our approach aligns with the England study [15]
in adjusting for core variables, such as age, sex, ethnicity,
alcohol use, and longstanding physical or mental conditions,
there are some differences. SIMD replaced separate adjust-
ments for education and residence due to its comprehen-
sive inclusion of socioeconomic factors. Body Mass Index
(BMI) and frequency of General Practitioner (GP) visits
were excluded due to data quality issues in the Scottish
dataset. BMI data for adults were missing in the combined
dataset, and GP visit data were only available for the past
two weeks (rather than the last 12 months) with significant
missingness. Conversely, marital status and physical activity
were included in the Scotland analysis to address social and
lifestyle factors.

Statistical analyses

Descriptive statistics were used to summarize participant
characteristics using frequencies and percentages for cat-
egorical variables. Differences between exclusive e-cigarette
users and exclusive cigarette smokers were assessed using
chi-square tests or Fisher’s exact tests when expected cell
counts were less than five.
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For the primary analysis, generalized ordinal logistic
regression models were fitted using the gologit2 command
in Stata with the autofit option. This method relaxes the pro-
portional odds assumption where it does not hold, allowing
the relationship between covariates and the outcome to vary
across different levels of self-rated health. To facilitate inter-
pretation, the GenHelf variable was reversed, with higher
scores corresponding to better self-rated health (1 =“Very
bad,” 5 =*“Very good”).

In the regression models, age group and sex were adjusted
for regardless of their significance in bivariate analysis as
they are known to influence health outcomes. Other covari-
ates—including the Scottish Index of Multiple Deprivation,
marital status, alcohol consumption frequency, physical
activity, the presence of longstanding physical or men-
tal health conditions and age of smoking initiation—were
included in the adjusted model. While ethnicity did not
reach statistical significance in the bivariate analysis, it was
included in the final adjusted model due to its theoretical
relevance and potential to confound the relationship between
the primary exposures and the outcome. A Wald test was
used to assess whether covariates with more than two levels
(e.g., age group, SIMD, marital status, alcohol consumption
frequency, and physical activity) should be treated as con-
tinuous or categorical, accounting for potential non-linear
effects. All the models in this study were fitted using the
categorical form of the covariates as supported by Wald test.

While the primary analysis focused on exclusive e-cig-
arette use versus exclusive cigarette smoking, a secondary
analysis examined nicotine use patterns to explore their rela-
tionship with self-rated health. Nicotine use patterns, based
on the cigst2 variable in the dataset, were categorized into
five groups: “Exclusive E-Cigarette Users,” “Exclusive Light
Smokers” (fewer than 10 cigarettes per day), “Exclusive
Moderate Smokers” (10 to fewer than 20 cigarettes per day),
“Exclusive Heavy Smokers” (20 or more cigarettes per day),
and “Smokers with Unknown Smoking Intensity.” This sec-
ondary analysis was conducted using a separate generalized
ordinal logistic regression model to avoid potential multicol-
linearity with the primary exposure variable as nicotine use
patterns are inherently related to exclusive e-cigarette use
versus exclusive cigarette smoking. The same set of covari-
ates was included in both primary and secondary analyses
to ensure consistency. Both crude and adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) were reported to
demonstrate the impact of covariate adjustments in the pri-
mary and secondary models.

Sensitivity analyses
Sensitivity analyses were conducted to assess the robust-

ness of the primary findings. The self-rated health outcome
was simplified into a binary variable, with “Very good”
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and “Good” responses categorized as “Good Health”
(coded as 1) and “Fair,” “Bad,” and “Very bad” responses
categorized as “Poor Health” (coded as 0). This simpli-
fication allowed for testing whether the primary findings
remained consistent when broader health categories were
used.

Binary logistic regression models were employed to
examine the association between self-rated health and both
exclusive nicotine product use groups and nicotine prod-
uct use patterns. The first model assessed the association
between exclusive nicotine product use groups (exclusive
e-cigarette users vs. exclusive cigarette smokers) and the
binary self-rated health outcome. The second model exam-
ined association between the binary self-rated health and
nicotine use patterns, categorizing participants into five
groups: exclusive e-cigarette users, exclusive light smokers
(fewer than 10 cigarettes/day), exclusive moderate smokers
(10 to fewer than 20 cigarettes/day), exclusive heavy smok-
ers (20 or more cigarettes/day), and exclusive smokers with
unknown smoking intensity.

In addition, we conducted another analysis to examine
whether prior smoking history is associated with self-rated
health among exclusive e-cigarette users. Exclusive e-ciga-
rette users were categorized into two groups: switchers (for-
mer smokers who switched to e-cigarettes) and never smok-
ers (those who had never smoked cigarettes). Binary logistic
regression was used to compare self-rated health between
these two groups. We then conducted a similar analysis
among exclusive cigarette smokers to explore whether prior
e-cigarette use is associated with difference in self-rated
health. Exclusive cigarette smokers were categorized into
two groups: switchers back to smoking (former e-cigarette
users who reverted to exclusive smoking) and never vapers
(those who had never used e-cigarettes). Binary logistic
regression was also used to compare self-rated health.

To assess the predictive validity of all binary logistic
regression models, we calculated the mean cross-validated
ROC AUC using tenfold cross-validation. This approach
evaluates the model’s generalizability and identifies potential
overfitting. All the sensitivity analyses adjusted for the same
covariates as the primary and secondary analyses, includ-
ing age group, sex, SIMD, marital status, ethnicity, alcohol
consumption frequency, physical activity, the presence of
longstanding physical or mental health conditions and age of
smoking initiation. Year was included as an adjustment vari-
able in all final models (primary, secondary, and sensitivity
analyses) to control for potential temporal effects across the
2017-2019 period and to evaluate whether the association
between self-rated health and exclusive e-cigarette use ver-
sus exclusive cigarette smoking remained consistent over
time.

A p value threshold of 0.05 was used to determine statisti-
cal significance. All plots were created using Python version
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3.9 (matplotlib library) [24], and all statistical analyses were
conducted using STATA version 18.

Result

Table 1 summarizes the characteristics of exclusive tradi-
tional cigarette smokers (n=1,919) and exclusive e-cigarette
users (n=565). E-cigarette users tended to be in middle-
aged groups (45-64 years), married, and in less-deprived
socioeconomic categories compared to cigarette smokers
(p<0.001 for age, marital status, and SIMD). They also
reported higher physical activity levels (p =0.032), and
a slightly higher proportion of e-cigarette users reported
drinking within recommended guidelines compared to ciga-
rette smokers (40.5% vs. 35.6%, p=0.049). Fewer e-ciga-
rette users reported longstanding physical or mental health
conditions compared to cigarette smokers (p=0.025), and
they rated their health more positively overall (p <0.001).

The association between exclusive e-cigarette use and
self-rated health compared to exclusive cigarette smoking
was examined using generalized ordinal logistic regression
models (Table 2 and Fig. 1). In the unadjusted model (Model
1), exclusive e-cigarette users had 1.45 times higher odds
of reporting better SRH compared to exclusive cigarette
smokers (OR=1.45, 95% CI 1.22-1.71, p<0.001). This
association remained consistent after adjusting for covari-
ates across all models. In Model 2, which adjusted for age
and sex, the odds ratio remained unchanged (OR =1.45,
95% CI 1.22-1.72, p<0.001). After further adjustments
for additional covariates, including SIMD, marital status
and ethnicity in Model 3, the odds ratio attenuated slightly
but remained statistically significant (OR=1.31, 95% CI
1.10-1.56, p=0.002). Additional adjustments for alcohol
consumption (Model 4) and physical activity (Model 5)
yielded odds ratios of 1.34 (95% CI 1.12-1.59, p=0.001)
and 1.26 (95% CI 1.06-1.51, p=0.013), respectively. In the
final model, which accounted for age group, sex, SIMD,
marital status, ethnicity, alcohol consumption, physical
activity, the presence of longstanding physical or mental
health conditions and age of smoking initiation, exclusive
e-cigarette users had 1.26 times higher odds of reporting bet-
ter self-rated health compared to exclusive cigarette smokers
(OR=1.26,95% CI 1.05-1.51, p=0.012).

The association between nicotine product use (smoking
intensity and exclusive e-cigarette use) and self-rated health
was assessed using generalized ordinal logistic regression,
with both crude and fully adjusted models presented in
Table 3 and Fig. 2. In the fully adjusted model (Model 2),
which accounted for age, sex, SIMD, marital status, eth-
nicity, alcohol consumption, physical activity, longstanding
physical or mental health conditions and age of smoking
initiation, the odds ratios for most comparisons attenuated

but remained consistent, with a graded response observed.
Light smokers (fewer than 10 cigarettes per day) showed
no significant difference in self-rated health compared to
e-cigarette users (OR: 0.94, 95% CI 0.75-1.18, p=0.614),
while moderate smokers (10 to fewer than 20 cigarettes per
day) demonstrated lower odds of better self-rated health
compared to e-cigarette users (OR: 0.81, 95% CI 0.66-0.99,
p=0.047). Heavy smokers (20 or more cigarettes per day)
were also significantly less likely to report better self-rated
health compared to e-cigarette users (OR: 0.63, 95% CI
0.49-0.80, p <0.001). Those with an unknown smoking
intensity also reported significantly lower odds of better
self-rated health compared to e-cigarette users (OR: 0.63,
95% CI1 0.39-1.02, p=0.058).

Sensitivity analyses results

Appendix 1 and Appendix 2 (See Supplementary Informa-
tion) display the association between exclusive e-cigarette
users and self-rated health, with exclusive cigarette smokers
as the reference group, using binary logistic regression mod-
els. In the unadjusted model, exclusive e-cigarette users had
1.50 times the odds of reporting “Good Health” compared to
cigarette smokers (OR: 1.50,95% CI 1.24-1.82, p <0.001).
This association remained significant across adjusted mod-
els, with the final model (adjusted for age group, sex, SIMD,
marital status, ethnicity, alcohol consumption, physical
activity, longstanding physical or mental health conditions
and age of smoking initiation) showing an OR of 1.32 (95%
CI 1.04-1.68, p=0.021). These findings further underline
the consistent association between exclusive e-cigarette use
and better self-rated health compared to cigarette smoking,
as observed in the main analyses modeled using ordinal
logistic regression. Furthermore, the mean cross-validated
ROC AUC of the model, calculated using tenfold cross-
validation, was 0.8275 (95% CI 0.8061-0.8411) with a
standard deviation of 0.0262, indicating strong predictive
performance and minimal overfitting.

In the fully adjusted binary logistic regression model (See
Appendix 3 and Appendix 4), which accounted for age, sex,
SIMD, marital status, ethnicity, alcohol consumption, physi-
cal activity, the presence of longstanding physical or mental
health conditions and age of smoking initiation, exclusive
e-cigarette users had better self-rated health compared to
heavier smoking groups. Heavy smokers (>20 cigarettes/
day) were significantly less likely to report better self-rated
health compared to exclusive e-cigarette users (OR =0.56,
95% CI 0.41-0.76, p<0.001). Moderate smokers (10 to
fewer than 20 cigarettes per day) had lower odds of report-
ing better self-rated health compared to exclusive e-cigarette
users, with the result being close to statistical significance
(OR: 0.77,95% CI1 0.59-1.01, p=0.059). No significant dif-
ference was observed between exclusive e-cigarette users
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Table 1 Participant characteristics by exclusive traditional cigarette smokers and exclusive E-cigarette users

Variable

Exclusive current cigarette Exclusive e-cigarette
smokers (N=1919)

users (N=565)

All (N=2484)

x2, P-Value

Age group, n (%)
16-24
25-34
35-44
45-54
55-64
65-74
75+
Sex, n (%)
Male
Female
Ethnicity, n (%)
White
Non-white
Missing
Scottish index of multiple deprivation, n (%)
Most deprived
2
3
4
Least deprived
Marital status, n (%)
Married
Single
Previously married
Alcohol consumption, 1 (%)
Never drinker
Ex drinker
Within guidelines
Beyond guidelines
Missing
Age of smoking initiation
Early starters (<16 years)
Late starters (> 16 years)
Missing information
Physical activity level, n (%)
Low
Medium
High
Missing
Longstanding physical or mental health condi-
tions, n (%)
Yes
No
Self-rated health (Ordinal), n (%)
Very bad
Bad
Fair
Good

144 (1.5)
332(17.3)
328 (17.1)
391 (20.4)
362 (18.9)
249 (13.0)
113 (5.9)

899 (46.9)
1,020 (53.1)

1,872 (97.6)
45 (2.3)
2(0.1)

592 (30.9)
475 (24.8)
383 (20.0)
282 (14.7)
187 (9.7)

907 (47.3)
582 (30.3)
430 (22.4)

110 (5.7)
267 (13.9)
683 (35.6)
823 (42.9)
36 (1.9)

1,083 (56.4)
754 (39.3)
82 (4.3)

765 (39.9)
467 (24.3)
683 (35.6)
4(0.2)

1,084 (56.5)
835 (43.5)

100 (5.2)
251 (13.1)
504 (26.3)
687 (35.8)

29 (5.1)
88 (15.6)
101 (17.9)
139 (24.6)
119 (21.0)
79 (14.0)
10 (1.8)

250 (44.3)
315 (55.7)

556 (98.4)
7(1.2)
2(0.4)

132 (23.4)
161 (28.5)
122 21.6)
79 (14.0)
71 (12.6)

346 (61.2)
115 (20.4)
104 (18.4)

20 (3.5)
64 (11.3)
229 (40.5)
239 (42.3)
13 (2.3)

345 (61.1)
207 (36.6)
13 (2.3)

190 (33.6)
147 (26.0)
228 (40.4)
0(0.0)

289 (51.1)
276 (48.9)

14 2.5)
52(9.2)

131 (23.2)
233 (41.2)

173 (7.0)
420 (16.9)
429 (17.3)
530 (21.3)
481 (19.4)
328 (13.1)
123 (5.0)

1,149 (46.3)
1,335 (53.7)

2,428 (97.8)
52 (2.1)
4(0.1)

724 (29.2)
636 (25.6)
505 (20.3)
361 (14.5)
258 (10.4)

1,253 (50.4)
697 (28.1)
534 (21.5)

130 (5.2)
331 (13.3)
912 (36.7)
1,062 (42.8)
49 (2.0)

1,428 (57.5)
961 (38.7)
95 (3.8)

955 (38.5)
614 (24.7)
911 (36.7)
4(0.2)

1,373 (55.3)
1,111 (44.7)

114 (4.6)
303 (12.2)
635 (25.6)
920 (37.0)

x2=24.48, P<0.001*

x2=1.19, P=0.276

¥2=427,P=0.118

x2=14.85, P=0.005*

¥2=35.62, P<0.001*

#2=9.53, P=0.049*

¥2=06.86, P=0.032%

x2=28.79, P=0.032*

x2=5.03, P=0.025%

22=21.41, P<0.001*
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Table 1 (continued)

Variable Exclusive current cigarette Exclusive e-cigarette ~ All (N=2484) x2, P-Value
smokers (N=1919) users (N=565)
Very good 377 (19.7) 135 (23.9) 512 (20.6)

Statistically significant P value <0.05

Table 2 Crude and adjusted association between exclusive e-cigarette users vs. exclusive current cigarette smokers and self-rated health (Gener-

alized ordinal logistic regression)

Model

Odd ratio (95% CI), P Value

Model 1 (Unadjusted/Crude)
Exclusive e-cigarette users
Exclusive Cigarette smokers

Model 2 (Adjusted for age group and sex)
Exclusive e-cigarette users

Exclusive cigarette smokers

Model 3 (Adjusted for age group, sex, SIMD and marital status, ethnicity)

Exclusive e-cigarette users

Exclusive cigarette smokers

1.45 (1.22-1.71), P<0.001

Reference

1.45 (1.22-1.72), P<0.001

Reference

1.31 (1.10-1.56), P=0.002

Reference

Model 4 (Adjusted for age group, sex, SIMD, marital status, ethnicity and alcohol consumption)

Exclusive e-cigarette users

Exclusive cigarette smokers

1.34 (1.12-1.59), P=0.001

Reference

Model 5 (Adjusted for age group, sex, SIMD, marital status, ethnicity, alcohol consumption and physical activity)

Exclusive e-cigarette users

Exclusive cigarette smokers

1.26 (1.06-1.51), P=0.013

Reference

Final Model (adjusted for age group, sex, SIMD, marital status, ethnicity, alcohol consumption, physical activity, presence of longstanding

physical or mental health conditions and age of smoking initiation)
Exclusive e-cigarette users
Exclusive cigarette smokers
Final model characteristics
McFadden’s pseudo R-squared
Model fitness (Likelihood ratio chi-square and P value)

1.26 (1.05-1.51), P=0.012
Reference

Parameter

18%

x2=1,276.82, P<0.001

Outcome self-rated health: Very bad is coded as 1, Bad as 2, Fair as 3, Good as 4 and Very Good as 5

Statistically significant P-value < 0.05

and light smokers (< 10 cigarettes/day) (OR=0.96, 95%
CI0.71-1.30, p=0.793). Smokers with unknown smoking
intensity also had lower odds of better self-rated health com-
pared to exclusive e-cigarette users, but this was not statisti-
cally significant (OR=0.71, 95% CI 0.37-1.36, p=0.304).
These results suggest that exclusive e-cigarette users report
better self-rated health compared to heavier smoking groups,
which is consistent with the main analyses. However, mod-
erate smoking is marginally significant. Furthermore, the
mean cross-validated ROC AUC, calculated using tenfold
cross-validation, was 0.8255 (95% CI 0.8062-0.8410) with
a standard deviation of 0.0337. These results demonstrate
strong predictive performance with minimal overfitting.

In addition, we conducted another analysis to explore
whether prior smoking history is associated with differ-
ences in self-rated health among exclusive e-cigarette users

(See Appendix 5). Exclusive e-cigarette users (N =565) were
categorized into two groups: switchers (former smokers
who switched to e-cigarettes, 510 participants, represent-
ing 90.4% of the sample) and never smokers (those who
had never smoked cigarettes, 54 participants, representing
9.6% of the sample). One exclusive e-cigarette user was
excluded due to missing data for smoking history. Binary
logistic regression models showed no significant difference
in self-rated health between switchers and never smokers
in both the crude model (OR =0.69, 95% CI 0.37-1.29,
p=0.248) and the fully adjusted model (OR=0.94, 95% CI
0.43-2.08, p=0.882). These findings indicate that self-rated
health among exclusive e-cigarette users is similar regard-
less of prior smoking history and provide additional context
to the finding that exclusive e-cigarette users report better
self-rated health compared to cigarette smokers (Appendix 1
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Fig. 1 Odds ratios (95% confidence intervals) for self-rated health among exclusive e-cigarette users vs. exclusive cigarette smokers across mod-

els (generalized ordinal logistic regression, complement Table 2)

and 2). Furthermore, tenfold cross-validation of the binary
logistic regression model yielded a mean ROC AUC of
0.8172 (bootstrap bias-corrected 95% CI 0.7594-0.8436,
SD =0.0479), indicating good predictive performance and
minimal variability across folds.

An additional analysis was conducted to explore
whether prior e-cigarette use is associated with differ-
ences in self-rated health among exclusive cigarette users
(See Appendix 6). Exclusive cigarette users (N=1,919)
were categorized into two groups: exclusive cigarette
users with a history of e-cigarette use (949 participants,
representing 49.4% of the sample) and exclusive cigarette
users with no history of e-cigarette use (970 participants,
representing 50.6% of the sample). Binary logistic regres-
sion models showed no significant difference in self-rated
health between the two groups in both the crude model
(OR=1.02, 95% CI 0.86-1.23, p=0.796) and the fully
adjusted model (OR=0.87,95% CI10.69-1.09, p=0.219).
To assess the predictive validity of the binary logistic
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regression models, the mean cross-validated ROC AUC
was calculated using tenfold cross-validation. The cross-
validated mean AUC was 0.8243 (95% CI 0.8061-0.8461)
with a standard deviation of 0.0456, indicating strong pre-
dictive performance and minimal overfitting. These find-
ings suggest that prior e-cigarette use does not result in
significant differences in self-rated health among exclusive
cigarette smokers.

As an additional sensitivity analysis, the year of the sur-
vey was included in all final models for both the primary,
secondary and sensitivity analyses. This adjustment did
not lead to any statistically significant changes in the odds
ratios, indicating that the associations observed between
nicotine product use and self-rated health were stable
across survey years and not influenced by temporal effects.
The results presented are based on models that exclude the
year adjustment as it did not meaningfully improve the fit
or alter the findings.
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Table 3 Crude and adjusted association between nicotine product use (smoking intensity vs. exclusive e-cigarette use) and self-rated health

using generalized ordinal logistic regression models

Model N=2484 Odd ratio (95% CI), P value McFadden’s Pseudo R-squared
(Likelihood ratio chi-square and P
value)

Model 1 (unadjusted/crude) 1.6% (y2=113.34 and P<0.001)

Exclusive e-cigarette users 565 Reference

Light smoking, less than 10 cigarettes per day 616 1.05 (0.85-1.29), P=0.665

Moderate smoking, 10 to less than 20 cigarettes per day 791 0.74 (0.61-0.89), P=0.002

Heavy smoking, 20 or more cigarettes per day 447 0.38 (0.30-0.47), P<0.001

Unknown amount of cigarette smoked 65 0.30 (0.19-0.47), P<0.001

Model 2 (Fully Adjusted)+ + 18.4% (y2=1288.41 and P <0.001)

Exclusive e-cigarette users 565 Reference

Light smoking, less than 10 cigarettes per day 616 0.94 (0.75-1.18), P=0.614

Moderate smoking, 10 to less than 20 cigarettes per day 791 0.81 (0.66-0.99), P=0.047

Heavy smoking, 20 or more cigarettes per day 447 0.63 (0.49-0.80), P <0.001

Unknown amount of cigarette smoked 65 0.63 (0.39-1.02), P=0.058

+ + Adjusted for Age Group, Sex, SIMD, Marital Status, Ethnicity, Alcohol Consumption, Physical Activity, Presence of Longstanding Physical
or Mental Health Conditions and Age of Smoking Initiation

Outcome: Very bad is coded as 1, Bad as 2, Fair as 3, Good as 4 and Very Good as 5

Statistically significant P value <0.05
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Fig.2 Odds ratios (95% confidence intervals) for self-rated health among nicotine product use categories, comparing crude and fully adjusted
models (generalized ordinal logistic regression, complement Table 3)
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Discussion

This study examined self-rated general health (SRH)
among exclusive e-cigarette users and exclusive ciga-
rette smokers using a nationally representative sample
of Scottish adults. Our findings indicate that exclusive
e-cigarette users consistently reported better SRH than
cigarette smokers. This association remained significant
after adjusting for demographic, socioeconomic, and
health-related factors, such as age, sex, Scottish Index of
Multiple Deprivation, marital status, ethnicity, alcohol
consumption, physical activity, longstanding health con-
ditions and age of smoking initiation.

Specifically, exclusive e-cigarette users reported better
SRH compared to heavy smokers (> 20 cigarettes/day),
who had significantly lower odds of reporting better SRH.
This suggests that exclusive e-cigarette users perceive bet-
ter health than heavy smokers, which may reflect potential
harm reduction benefits, aligning with previous research
from England that found similar associations after adjust-
ing for comparable covariates [15]. Similarly, the majority
of e-cigarette users perceived better health, according to
a cross-sectional survey of nine vape shops across Louis-
ville, Kentucky, designed to capture a diverse customer
demographic [14]. A study from Hungary further supports
these findings, showing that e-cigarette-only users reported
fewer adverse health events and greater perceived health
improvements compared to dual users [26]. When com-
pared to exclusive e-cigarette users, moderate smokers (10
to fewer than 20 cigarettes per day) also had lower odds of
reporting better self-rated health. However, no significant
differences in self-rated health were observed between
exclusive e-cigarette users and light smokers (fewer than
10 cigarettes per day). This implies light smokers might
consider themselves healthier due to consuming fewer
cigarettes [2]. However, it is important to note that even
light smoking carries substantial health risks, and com-
plete cessation of all nicotine products remains the most
effective strategy for achieving long-term health benefits.

Sensitivity analyses confirmed that exclusive e-ciga-
rette users consistently reported better self-rated health
than exclusive cigarette smokers. Additional analyses
showed that among exclusive e-cigarette users, self-rated
health remained stable regardless of prior smoking his-
tory. This suggests that once individuals switch entirely to
e-cigarettes, their perceived health status is unaffected by
whether they were former smokers or had never smoked.
These findings underline e-cigarettes’ potential for harm
reduction as switching may offer similar perceived health
benefits to both former cigarette smokers and exclusive
e-cigarette users without prior smoking history. Further
analyses revealed no significant differences in self-rated
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health between exclusive cigarette users who had previ-
ously vaped and those who had never vaped. Nearly half
of exclusive cigarette smokers in this study had used e-cig-
arettes at some point, indicating possible challenges, such
as misinformation, insufficient support, limited access to
appropriate products, inadequate harm reduction educa-
tion, difficulty adjusting to new devices, social influences
favoring smoking, and personal preferences for cigarettes.
These results highlight the need for supportive interven-
tions that encourage switching or complete cessation by
providing counseling, community support, and clear guid-
ance on e-cigarette use.

While SRH is a valuable holistic measure of health, it
is inherently subjective and influenced by individual per-
ceptions, cultural norms, and psychological factors [2, 27].
People’s assessments of their own health can vary based
on expectations, awareness of health information, and psy-
chological state [28]. Therefore, caution is advised when
interpreting these findings, as SRH may not always align
perfectly with objective health indicators or clinical evalua-
tions [7]. For instance, individuals who switch to e-cigarettes
might perceive them as less harmful due to public health
messaging or personal beliefs, positively influencing their
self-assessment of health regardless of actual physiological
changes. This potential bias underlines the importance of
combining SRH with objective health data to comprehen-
sively assess health outcomes related to e-cigarette use.

Evidence suggests that SRH is meaningfully associated
with objective health outcomes. Studies have demonstrated
strong correlations between SRH and specific health condi-
tions, including diseases like epilepsy, cancer, and diabetes,
across various age groups [29]. Poorer SRH is consistently
linked to a higher prevalence of diseases and abnormalities
in laboratory parameters, such as cardio-cerebral vascular
diseases and hemoglobin levels [30]. These findings empha-
size the value of integrating subjective perceptions with
objective measures to gain a comprehensive understanding
of health outcomes. By doing so, researchers and policymak-
ers can better assess the potential impacts of e-cigarette use
on population health.

Several studies have reported potential cardiovascular and
respiratory benefits for smokers who switch to e-cigarettes.
Individuals transitioning to e-cigarettes have experienced
improvements in cardiovascular parameters, such as reduc-
tions in systolic blood pressure, enhanced endothelial func-
tion, and decreased arterial stiffness [31-35]. Improvements
in lung function and decreases in airway resistance have
also been observed [36, 37]. A recent systematic review
and meta-analysis found that exposure to tobacco-specific
nitrosamines—potent carcinogens in tobacco smoke—was
significantly lower among exclusive e-cigarette users com-
pared to exclusive cigarette smokers [38]. A study assessing
biomarkers of exposure (BoE) and biomarkers of potential
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harm (BoPH) among exclusive e-cigarette users, current
smokers, former smokers, and never-smokers revealed that
exclusive e-cigarette users had significantly lower levels
of BOE to specific tobacco smoke toxicants compared to
current smokers [39]. Their BoPH levels, associated with
biological processes linked to smoking-related diseases and
oxidative stress, were more favorable than those of current
smokers [39]. Another study corroborated these findings,
showing that exclusive e-cigarette users had lower concen-
trations of harmful constituents than cigarette smokers, sug-
gesting reduced exposure to toxicants [40]. These objective
findings support the notion that e-cigarettes may reduce
harm compared to traditional cigarettes, at least in the short
term, aligning with the better SRH reported by exclusive
e-cigarette users in our study.

However, not all studies have found positive health
outcomes associated with switching to e-cigarettes. Some
research indicates no significant improvements in cardio-
vascular or respiratory health markers for individuals who
transition from traditional cigarettes to e-cigarettes. In some
instances, e-cigarette use has been linked to adverse effects
on these objective health parameters [41-44]. For exam-
ple, one study found that e-cigarette use is associated with
increased heart rate and blood pressure, similar to the effects
of traditional cigarettes, raising concerns about the potential
lack of cardiovascular benefits [45]. Another study reported
that e-cigarette use could lead to increased airway resist-
ance and inflammation, suggesting respiratory risks [46].
Additionally, a review highlighted that although exclusive
e-cigarette users may have lower levels of certain harmful
biomarkers compared to smokers, they still exhibit elevated
levels relative to non-smokers, implying that e-cigarettes
may reduce but not eliminate exposure to harmful substances
[47]. These mixed results suggest that while e-cigarettes
may reduce exposure to certain toxic substances present in
tobacco smoke, the extent of health benefits may vary among
users. Factors, such as individual health conditions, duration
and intensity of e-cigarette use, and differences in device
types and e-liquids could influence these outcomes [15].

Beyond objective data, SRH plays a key role in harm
reduction discussions. While objective measures like bio-
markers and clinical parameters provide critical evidence
of biological impacts, SRH offers valuable insights into
individuals’ perceptions of their health and well-being [48].
These subjective evaluations are integral to understanding
how people feel about their health, which can influence
behavior change and adherence to harm reduction strate-
gies. For instance, a smoker who switches to e-cigarettes
may report improved SRH even before measurable changes
in biomarkers are evident, reflecting perceived benefits,
such as reduced breathlessness, improved energy levels,
or less stigma associated with smoking. SRH also captures
the broader real-world impact of harm reduction tools like

e-cigarettes, encompassing dimensions of physical, mental,
and social health. Moreover, SRH is a strong predictor of
long-term health outcomes and mortality [49], making it an
important metric alongside objective data. Including SRH
in harm reduction research provides a more comprehen-
sive understanding of the potential benefits and challenges
associated with switching to e-cigarettes, aligning public
health interventions with individuals’ lived experiences and
perceptions.

A strength of this study is the large sample size and inclu-
sion of diverse demographic, socioeconomic, and health-
related covariates, allowing for robust adjustments and
minimizing potential confounding. The use of generalized
ordinal logistic regression accommodated the proportional
odds assumption where necessary, providing insights into
the association between nicotine product use and SRH. Sen-
sitivity analyses, including alternative SRH categorizations
and adjustment for temporal effects, confirmed the consist-
ency of the findings.

However, this study has several limitations. First, the
cross-sectional design prevents us from inferring causal-
ity [50, 51] or determining the directionality of the asso-
ciation between nicotine product use and SRH. While the
association persisted after adjusting for healthy behaviors,
suggesting these factors do not fully explain the relation-
ship, longitudinal studies are needed to clarify the causal
pathways. Second, SRH is subjective and may be influenced
by individual perceptions, cultural norms, and psychological
biases. E-cigarette users may rate their health more favorably
due to perceived reductions in harm from public health mes-
saging or personal beliefs, regardless of actual physiologi-
cal changes. This could lead to an overestimation of health
benefits. While the consistency of results across multiple
models adjusted for various factors reduces the likelihood
that subjective bias fully explains the findings, the potential
for bias remains.

Third, residual confounding from unmeasured fac-
tors—such as diet, stress levels, or detailed patterns of
e-cigarette use (e.g., device types, nicotine concentration,
duration, usage frequency)—could influence the results.
Furthermore, while cigarette smoking was stratified by
intensity (light, moderate, heavy), e-cigarette use was
analyzed as a single category. This approach assumes
homogeneity among e-cigarette users and could dilute the
potential impact of very frequent e-cigarette use on SRH.
Stratifying e-cigarette users by use frequency may provide
additional insights as frequent users might perceive their
health differently than occasional users. However, the lack
of detailed information on e-cigarette use patterns limits
our ability to conduct such analyses. Given that SRH is
subjective and influenced by present health perceptions,
we believe our findings remain robust as they capture
general differences in perceived health between exclusive
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e-cigarette users and cigarette smokers rather than focus-
ing on within-group variability among e-cigarette users.

Although we accounted for a broad range of covariates,
the possibility of residual confounding cannot be entirely
ruled out. Additionally, the study excluded certain groups,
such as dual users and individuals using other nicotine
products (e.g., cigars or pipes), which may limit the gen-
eralizability of the findings to the broader population of
nicotine users. Focusing on exclusive users allowed for a
more precise examination of the independent association
between product type and SRH but may not reflect the
experiences of all nicotine users. Finally, reliance on self-
reported data, including SRH and nicotine use, introduces
the potential for reporting bias. Participants may under-
report or misreport their smoking or vaping habits due to
social desirability or recall errors. However, the use of
validated survey instruments and standardized questions
minimizes this risk.

Despite these limitations, the study’s strengths—includ-
ing robust sensitivity analyses, a focus on exclusive users,
and adjustments for a wide range of confounders—enhance
the validity of the results. Future research employing lon-
gitudinal designs and incorporating objective biomarkers
alongside SRH will provide a more comprehensive under-
standing of the health impacts of e-cigarette use. Addition-
ally, studies exploring diverse populations beyond Scottish
adults would help determine the generalizability of these
findings to other settings.

Conclusion

This study demonstrates that exclusive e-cigarette users
report better self-rated general health than exclusive ciga-
rette smokers—particularly moderate and heavy smokers,
but not light smokers—even after adjusting for demographic,
socioeconomic, and health-related factors. While SRH
reflects perceived health rather than objective outcomes, its
consistent association with better health perceptions among
e-cigarette users provides valuable insights into harm reduc-
tion strategies. Future longitudinal research combining SRH
with objective health measures is essential to fully under-
stand the long-term impacts of e-cigarette use and inform
balanced public health policies.
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