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ABSTRACT
INTRODUCTION How e-cigarette use relates to changes in smoking status and 
respiratory symptoms in the population remains controversial. The aim was to 
study the association between e-cigarette use and, changes in smoking status and 
changes in respiratory symptoms. 
METHODS A prospective, population-based study of random samples of the population 
(age 16–69 years) was performed within The Obstructive Lung Disease in 
Northern Sweden (OLIN) study and West Sweden Asthma Study (WSAS). A 
validated postal questionnaire containing identical questions was used in OLIN 
and WSAS at baseline in 2006–2008 and at follow-up in 2016. In total, 17325 
participated on both occasions. Questions about respiratory symptoms and tobacco 
smoking were included in both surveys, while e-cigarette use was added in 2016.   
RESULTS In 2016, 1.6% used e-cigarettes, and it was significantly more common 
in persistent tobacco smokers (10.6%), than in those who quit smoking (2.1%), 
started smoking (7.8%), or had relapsed into tobacco smoking at follow-up (6.4%) 
(p<0.001). Among current smokers at baseline, tobacco smoking cessation was 
less common in e-cigarette users than e-cigarette non-users (14.2% vs 47.6%, 
p<0.001) and there was no association with a reduction in the number of tobacco 
cigarettes smoked per day. Those who were persistent smokers reported increasing 
respiratory symptoms. In contrast, the symptoms decreased among those who quit 
tobacco smoking, but there was no significant difference in respiratory symptoms 
between quitters with and without e-cigarette use. 
CONCLUSIONS E-cigarette use was associated with persistent tobacco smoking and 
reporting respiratory symptoms. We found no association between e-cigarette use 
and tobacco smoking cessation, reduction of number of tobacco cigarettes smoked 
per day or reduction of respiratory symptoms.
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INTRODUCTION
Electronic cigarettes (e-cigarettes) are marketed as an alternative product 
to tobacco cigarettes, nowadays common among all age groups but with a 
considerable appeal among younger individuals. A European survey estimated 
that 34% of participants aged 14–18 years  had tried e-cigarettes at least once1. A 
common public perception is that e-cigarettes are less addictive and harmful than 
tobacco cigarettes2. However, the aerosol produced by e-cigarettes contains several 
compounds hazardous to human health, such as volatile organic compounds, fine 
particulate matter, and nicotine3. Furthermore, the nicotine level in the e-cigarette 
aerosol is similar to that of tobacco cigarettes, thus capable of causing addiction4. 
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Those who advocate e-cigarettes claim that by 
switching from tobacco cigarettes to e-cigarettes, the 
exposure to toxic compounds from cigarette smoke is 
decreased. Therefore, e-cigarettes could be considered 
a smoking cessation product, which a Cochrane 
Review supports5. However, increasing evidence has 
emerged showing that e-cigarette use affects human 
health detrimentally with toxicity, respiratory disease, 
inflammation, and adverse cardiovascular effects6-9. 

Population-based studies have shown that 
e-cigarette use encourages dual use of both electronic 
and tobacco cigarettes rather than successful smoking 
cessation2,10,11. It is well established that quitting 
smoking improves long-term health and reduces 
respiratory symptoms in smokers12. Additionally, 
cross-sectional studies have found that dual users 
had more respiratory symptoms than individuals using 
only one of the products10,13. However, the impact of 
e-cigarette use and tobacco smoking on longitudinal 
changes in smoking status and respiratory symptoms 
in the population remains poorly studied and is a 
controversial subject7,14,15. 

Therefore, this population-based study aimed to 
evaluate the association between e-cigarette use, 
changes in smoking status, and changes in respiratory 
symptoms. First, if we assume that e-cigarettes are 
used as a smoking cessation aid, we hypothesize that 
smokers with respiratory symptoms at baseline are 
more likely to initiate e-cigarette use than smokers 
with fewer symptoms (hypothesis 1). Second, we 
hypothesize that smokers who also use e-cigarettes 
have a higher prevalence of respiratory symptoms than 
smokers not using e-cigarettes (hypothesis 2). Third, 
because e-cigarettes may have a disadvantageous 
effect on respiratory health, we hypothesize that 
smokers who quit tobacco cigarettes and switch 
to e-cigarettes have less reduction of respiratory 
symptoms than smokers who quit tobacco cigarettes 
without switching to e-cigarettes (hypothesis 3).  

METHODS
Setting
The study was based on surveys performed within 
the Obstructive Lung Disease in Northern Sweden 
(OLIN) studies and West Sweden Asthma Study 
(WSAS). OLIN includes the county of Norrbotten in 
the north of Sweden (area: 97242 km2; inhabitants 

per km2: 2.6), and WSAS includes Västra Götaland 
in the southwest of Sweden (area: 23800 km2; 
inhabitants per km2: 73.3). OLIN and WSAS have 
used the same methods and identical questionnaires, 
enabling pooling of data.

Study sampling and procedure
At baseline in 2006, OLIN conducted a postal 
questionnaire survey in random samples of the adult 
population aged 20–69 years. Of the 13702 invited, 
10414 participated (76%). Similarly, WSAS conducted 
a postal questionnaire survey 2008 in a random 
sample aged 16–69 years. Of the 30000 invited, 
18087 participated (60%). In 2016, both the OLIN 
and WSAS cohorts were followed up, and after three 
reminders, 8424 participated in OLIN and 11699 in 
WSAS. The cohorts have been described in detail 
previously, including the questionnaires used and 
non-response analyses16-20. The current study sample 
consists of the 17325 individuals in OLIN and WSAS 
that participated at baseline in 2006–2008 and at the 
follow-up in 2016, and had complete data on tobacco 
smoking and e-cigarette use. The basic characteristics 
of the participants at baseline are presented in the 
Supplementary file Table E1. 

The studies were approved by the Regional Ethical 
review boards in Umeå (Dnr: 2015-404-31) and 
Gothenburg (Dnr 052-16). All participants gave their 
written informed consent to participate in the study 
as they returned the postal questionnaire.

Questionnaire
The same validated questionnaire was used by OLIN 
and WSAS20. Briefly, the questionnaire included 
questions about respiratory symptoms during the last 
12 months, current and previous smoking status, sex, 
age, and occupation. A question about e-cigarette use 
was added to the 2016 questionnaire.

Definitions
Current smoker – affirmative answer to the question: 
‘Do you smoke?’. 
Former smoker – affirmative answer to the question: 
‘Have you been a smoker but have stopped smoking 
more than one year ago?’. 
Non-smoker – negative answers to both of the 
questions: ‘Do you smoke?’ and ‘Have you been a 
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smoker but stopped smoking more than one year 
ago?’, i.e. neither a current smoker nor a former 
smoker. 

Changes in smoking status between baseline in 
2006–2008 and at follow-up in 2016 were defined 
as follows: 
Never smoker – non-smoker in both surveys. 
Sustained former smoker – former smoker in both 
surveys.
Quitter – current smoker at baseline and former 
smoker at follow-up.
Starter – non-smoker at baseline and current smoker 
at follow-up. 
Relapsed – former smoker at baseline and current 
smoker at follow-up.
Persistent smoker – current smoker in both surveys. 
E-cigarette use –  responses ‘sometimes’ or ‘daily’ to 
the question: ‘Do you use e-cigarettes?’.

Respiratory symptoms were defined by affirmative 
answers to the following questions20: 
Longstanding cough – ‘Have you had a longstanding 
cough during the last year?’. 
Sputum production – ‘Do you usually have phlegm 
when coughing, or do you have phlegm in your chest 
which is difficult to bring up?’. 
Chronic productive cough – Sputum production and 
‘Do you bring up phlegm on most days during periods 
of at least three months?’ and ‘Have you had such 
periods during at least two successive years?’.
Wheeze in the last 12 months – ‘Have you at any time 
during the last 12 months had wheezing or whistling 
in your chest?’. 
Recurrent wheeze – ‘Do you usually have wheezing, 
whistling or a noisy sound in your chest when 
breathing?’.
Dyspnea – ‘Do you get short of breath when you walk 
with other people of your own age on level ground 
at normal pace?’, thus corresponding to the Modified 
Medical Research Council dyspnea scale (mMRC) >2. 
Any respiratory symptoms – An affirmative answer to 
any questions on respiratory symptoms.

Socioeconomic status was based on the longest-
held occupation and categorized according to 
Statistics Sweden (Socioeconomic Index, SEI) into 
professionals and executives, self-employed, non-

manual workers, manual workers in industry, manual 
workers in service, students, and unspecified.

Statistical analyses
Analyses were performed using IBM SPSS statistics 
version 26 (IBM, Armonk, NY, USA) and GraphPad 
Prism 9.1.0 (GraphPad Software Inc., CA, US). 
Differences in proportions or means between groups 
were analyzed by the chi-squared test, t-test or 
ANOVA. A p-value <0.05 was considered statistically 
significant. For questions on respiratory symptoms, 
missing answers to individual questions (<3%) were 
regarded as negative responses. The distribution of 
respiratory symptoms are presented as proportions 
and number of symptoms. Changes in respiratory 
symptoms between baseline and follow-up are 
presented as the number of reported symptoms (range: 
0–5, mean and standard deviation). Among those who 
were current smokers at baseline, the association 
between changes in smoking status and e-cigarette 
use and its relation to respiratory symptoms, was 
analyzed by ordinal regression with the number of 
respiratory symptoms as the dependent variable. 
Comparison of respiratory symptoms between non-
smokers, recent quitters and persistent smokers with 
and without e-cigarette use, was analyzed by logistic 
regression analysis with any respiratory symptoms 
as the dependent variable. The regression analyses 
were adjusted for sex, age, socioeconomic status and 
number of symptoms at baseline, and the results are 
expressed as odds ratios (OR) with 95% confidence 
intervals (CI).

RESULTS
Tobacco smoking 
Smoking status and cigarette consumption  at 
baseline and at follow-up are presented in Table 
1. At baseline in 2006–2008, 18.1% (n=3134) 
were current smokers. At follow-up in 2016, the 
prevalence of current smokers had decreased to 
12.0%. Both at baseline and at follow-up, most 
current smokers reported that they smoked 5–14 
cigarettes per day. Changes in smoking status 
are presented in Figure 1. Of the non-smokers at 
baseline, 92.1% (n=8952) remained never smokers, 
and 1.5% (n=141) had started smoking at follow-up. 
The changes in smoking status for the remaining 
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Table 1. Smoking characteristics at baseline in 2006–2008 and at follow-up in 2016, and corresponding 
prevalence of e-cigarette use at follow-upa

Smoking characteristics
 

Total E-cigarette use 

n/N % n/N % p a

Baseline
Smoking status 
Non-smoker 9718/17325 56.1 33/9718 0.3
Former smoker 4473/17325 25.8 25/4473 0.6
Current smoker 3134/17325 18.1 212/3134 6.8 <0.001
Cigarettes per day among current smokers
<5 932/2970 31.4 47/932 5.0
5–14 1378/2970 46.4 94/1378 6.8
15–24 590/2970 19.9 57/590 9.7
≥25 70/2970 2.4 11/70 15.7 <0.001
Missing 164
Follow-up
Smoking status 
Non-smoker 9469/17325 54.7 21/9469 0.2
Former smoker 5784/17325 33.4 42/5784 0.7
Current smoker 2072/17325 12.0 207/2072 10.0 <0.001
Cigarettes per day among current smokers
<5 671/2008 33.4 55/671 8.2
5–14 943/2008 47.0 87/943 9.2
15–24 358/2008 17.8 53/358 14.8
≥25 36/2008 1.8 6/36 16.7 0.003
Missing 64

a Study design: cohort study. Setting: the counties Norrbotten and Västra Götaland, Sweden. Sample size: n=17325. b χ2 test comparing proportion of e-cigarette use by 
smoking habits.

Figure 1. Tobacco smoking habits at baseline in 2006–2008, changes in smoking habits at follow-up, and 
e-cigarette use at follow-up in 2016, by tobacco smoking categories

Study design: cohort study. Setting: the counties Norrbotten and Västra Götaland, Sweden. Sample size: n=17325.
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Table 2. E-cigarette use at follow-up in 2016 among those with and without respiratory symptoms at baseline 
in 2006–2008, and among current smokers with and without respiratory symptoms at baselinea

Respiratory symptoms All at baseline
(N=17325)

E-cigarette use at follow-up Current smokers 
at baseline 
(N=3134)

E-cigarette use at follow-up 

n % n/N % pb n % n/N % p b

Longstanding cough
No 15533  217/15533 1.4 <0.001 2648  164/2648 6.2 0.003
Yes 1792 10.3 53/1792 3.0  486 15.5 48/486 9.9  
Sputum production           
No 14991  198/14991 1.3 <0.001 2458  146/2458 5.9 <0.001
Yes 2334 13.5 72/2334 3.1  676 21.6 66/676 9.8  
Chronic productive cough           
No 16633  249/16633 1.5 0.001 2942  191/2942 6.5 0.017
Yes 692 4.0 21/692 3.0  192 6.1 21/192 10.9  
Recurrent wheeze           
No 15910  213/15910 1.3 <0.001 2603  159/2603 6.1 0.001
Yes 1415 8.2 57/1415 4.0  531 16.9 53/531 10.0  
Wheeze last 12 months           
No 14384  183/14384 1.3 <0.001 2188  129/2188 5.9 0.003
Yes 2941 17.0 87/2941 3.0  946 30.2 83/946 8.8  
Dyspnea           
No 16330  234/16330 1.4 <0.001 2841  178/2841 6.3 <0.001
Yes 995 5.7 36/995 3.6  293 9.3 34/293 11.6  
Any respiratory symptom           
No 12458  136/12458 1.1 <0.001 1794  92/1794 5.1 <0.001
Yes 4867 28.1 134/4867 2.8  1340 42.8 120/1340 9.0  

a Study design: cohort study. Setting: the counties Norrbotten and Västra Götaland, Sweden. Sample size: n=17325. b χ2 test comparing proportion of e-cigarette use by 
respiratory symptom.

Study design: cohort study. Setting: the counties Norrbotten and Västra Götaland, Sweden. Sample: persistent smokers (n=1713).

Figure 2. Change in number of cigarettes smoked per day from 2006–2008 to 2016 among persistent smokers, 
by e-cigarette use (p=0.869)
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6.4% (n=625) could not be classified. Of the former 
smokers at baseline, 4.9% (n=218) had relapsed 
into current smoking at follow-up, and the rest were 
sustained former smokers. Of the current smokers 

at the baseline, 54.7% (n=1713) were persistent 
smokers, while 45.3% (n=1421) had quit smoking 
at follow-up, corresponding to an average annual 
quit rate of 5.0%.

Figure 3. The prevalence (%) of respiratory symptoms among never smokers, quitters and persistent smokers 
by e-cigarette use; χ2 test (and test for linear trend, respectively) comparing prevalence of respiratory 
symptoms by e-cigarette use and smoking habits showed p<0.001 for each symptom 

Figure 4. Change in mean number of symptoms among persistent smokers and quitters, among users and non-
users of e-cigarettes, respectively

Study design: cohort study. Setting: the counties Norrbotten and Västra Götaland, Sweden. Sample: never smokers (n=8952), persistent smokers (n=1713), and quitters (n=1421). 

Study design: cohort study. Setting: the counties Norrbotten and Västra Götaland, Sweden. Sample: persistent smokers (n=1713) and quitters (n=1421).
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E-cigarette use
The prevalence of e-cigarette use in 2016 was 1.6% 
(n=270), with similar estimates among men and 
women (1.4 and 1.7%, p=0.280). E-cigarette use was 
most common in the age group 20–29 years (2.3%), 
followed by 1.7% among those aged 40–49 years 
and 50–59 years, and 1.6% among those aged 16–19 
years. Compared to non-smokers (0.3%) and former 
smokers (0.6%), e-cigarette use was significantly more 
common among those who were current smokers at 
baseline (6.8%, p<0.001), particularly among those 
who smoked more than 15 tobacco cigarettes per day 
(Table 1). Similar associations were seen in the cross-
sectional analysis of the follow-up survey. 

Associations between e-cigarette use and 
changes in smoking status
E-cigarette use was most common among the 
persistent smokers (10.6%), followed by 7.8% among 
starters, 6.4% among those who relapsed, and 2.1% 
among those who quit smoking at follow-up (Figure 
1). The majority (63.7%) of the persistent smokers 
who also used e-cigarettes smoked the same number 
of cigarettes per day at baseline and at follow-up. 
In comparison, 24.2% smoked a decreased number 
of cigarettes and 12.1% an increased number of 
cigarettes per day (Figure 2). These proportions 
were almost identical among persistent smokers who 
did not use e-cigarettes. Of the current smokers at 
baseline, 45.3% (n=1421) had quit tobacco smoking 
by follow-up, and the estimate was significantly lower 
among e-cigarette users (14.2%, n=30) than among 
non-e-cigarette users (47.6%, n=1391, p<0.001).  

Association between respiratory symptoms at 
baseline and initiation of e-cigarette use
E-cigarette use at follow-up was more common 
among those with respiratory symptoms at baseline 
than those without symptoms (Table 2). Moreover, 
e-cigarette use was more common among current 
smokers with respiratory symptoms than among 
smokers without symptoms at baseline. 

Associations between tobacco smoking and 
e-cigarette use and respiratory symptoms
The prevalence of all respiratory symptoms at follow-
up was highest among persistent smokers who used 

e-cigarettes compared to never smokers, quitters 
and persistent smokers who did not use e-cigarettes 
(Figure 3). In general, the prevalence of respiratory 
symptoms was lower in never smokers than quitters 
and persistent smokers, and there was no clear 
pattern between users and non-users of e-cigarettes 
within each category of smoking status. In a logistic 
regression analysis, adjusted for sex, age, any 
respiratory symptoms at baseline and socioeconomic 
status, persistent smokers without e-cigarette use 
(OR=2.27; 95% CI: 2.00–2.57) and with e-cigarette 
use (OR=2.49; 95% CI: 1.78–3.48) had an increased 
risk for any respiratory symptoms at follow-up, 
compared to never smokers without e-cigarette use 
(Supplementary file Table E2).   

At baseline, the mean number of respiratory 
symptoms was 0.55 (SD=1.05) among all, and 0.94 
(SD=1.34) among current smokers. Among persistent 
smokers, there was a significant increase in the mean 
number of symptoms from baseline to follow-up, 
both among users and non-users of e-cigarettes 
(Figure 4). Among quitters who used e-cigarettes, 
the mean number of symptoms had decreased, but 
the difference was not statistically significant. 

We performed an ordinal regression analysis among 
current smokers at baseline. We adjusted for sex, 
age, socioeconomic status and number of symptoms 
at baseline and evaluated the number of respiratory 
symptoms at follow-up. Compared with quitters who 
did not use e-cigarettes (reference category), both 
persistent smoking with e-cigarette use (OR=2.59; 
95% CI: 1.92–3.47) and without e-cigarette use 
(OR=2.08; 95% CI: 1.79–2.42) was significantly 
associated with a higher number of symptoms. 
However, there was no statistically significant 
difference in the number of symptoms between 
quitters who did not use e-cigarettes and quitters who 
were e-cigarette users (OR=0.72; 95% CI: 0.32–1.65). 

DISCUSSION
In this large, prospective population-based study, 
almost half of the tobacco smokers had quit smoking 
during the 8–10 years of follow-up. E-cigarette use 
at follow-up was associated with persistent tobacco 
smoking, smoking more than 15 cigarettes per day 
and reporting respiratory symptoms. Furthermore, 
neither quitting tobacco smoking nor reducing the 
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number of tobacco cigarettes smoked per day was 
more common among e-cigarette users. Those who 
were persistent tobacco smokers reported increasing 
respiratory symptoms during the study period. 
Respiratory symptoms decreased among those who 
quit tobacco smoking, but there was no significant 
association between e-cigarette use and a reduction 
of respiratory symptoms. 

We found that e-cigarette use was more common 
among those who were tobacco smokers at baseline 
than among non-smokers or former smokers, similar 
to other studies among adults2,10,14. One explanation 
could be that smokers who wish to quit initiate 
e-cigarette use during a transition period with the 
intention to gradually reduce tobacco cigarettes, 
thus using both products simultaneously. However, 
the majority of e-cigarette users had not changed 
the number of cigarettes smoked per day by follow-
up. Moreover, the quit rate of tobacco smoking was 
considerably lower in e-cigarette users than in non-
users of e-cigarettes. The direction of the association 
is difficult to disentangle. Smokers may initiate 
e-cigarette use because they have made previous 
unsuccessful quit attempts and now wish to try 
something new. Or, smokers who initiate e-cigarette 
use may struggle to quit because they have initiated 
e-cigarette use and continue the nicotine addiction. 
Studies on whether e-cigarette use is associated with 
a reduction in tobacco smoking also show diverging 
results. In some studies, e-cigarette users smoked 
fewer tobacco cigarettes per day21,22, while others 
found that e-cigarette users increased their cigarette 
consumption23,24. Two systematic reviews and meta-
analyses have concluded that although randomized 
controlled trials (RCT) may show higher quit rates 
among those allocated to e-cigarettes than traditional 
smoking cessation aids (such as nicotine gum or 
patches), this association was not seen in population-
based studies11,25. Taken together, e-cigarette use 
did not seem to work as a tool for tobacco smoking 
reduction or cessation on a population level.  

We can confirm the hypothesis that tobacco smokers 
with respiratory symptoms were more likely to initiate 
e-cigarette use. This may be another indication of 
smokers having developed respiratory symptoms 
and wish to quit or reduce their smoking, initiating 
e-cigarette use as a first step. Furthermore, we found 

that the prevalence of respiratory symptoms was 
highest among the persistent smokers who also used 
e-cigarettes, thus confirming our second hypothesis. 
Our results are in line with a longitudinal US study, 
showing that dual use of tobacco and electronic 
cigarettes increased the risk of respiratory disease 
more than either product alone15. Already among 
adolescents, it has been shown that the greater the 
frequency of e-cigarette use, the higher the number 
of respiratory symptoms26. Whether switching from 
tobacco to e-cigarettes improves respiratory health 
remains controversial. In one RCT, smokers who were 
attempting to reduce their consumption of tobacco 
cigarettes were assigned either e-cigarettes or a non-
nicotine-containing cigarette substitute. Although 
the e-cigarette group showed improvement in some 
cardiovascular outcomes, no effects on respiratory 
outcomes were found27. In our study, we found that 
e-cigarette users who had quit tobacco smoking showed 
decreased symptoms at follow-up, but the difference 
was not statistically significant. Moreover, there was 
no association in the number of respiratory symptoms 
between quitters with and without e-cigarette use. 
Thus, our third hypothesis could not be confirmed. 

Following persistent smokers, the categories with 
the second and third highest prevalence of e-cigarette 
use were starters and relapsers, i.e. individuals who 
were non-smokers or former smokers at baseline 
and dual users at follow-up. Systematic reviews have 
shown evidence for an association between e-cigarette 
use and subsequent tobacco smoking, especially 
among teenagers, and it has been suggested that 
former smokers using e-cigarettes had an increased 
risk of tobacco smoking relapse28,29. However, due to 
the few cases of starters (n=11) and relapsers (n=14) 
who used e-cigarettes in our study, the association 
with respiratory symptoms could not be explored. In 
non-smokers the prevalence of respiratory symptoms 
was higher among non-users of e-cigarettes than 
e-cigarette users. One explanation for this finding may 
be that individuals who already experience respiratory 
symptoms, for instance, due to asthma, are less likely 
to initiate any kind of smoking behavior.  

Overall, tobacco smoking cessation was common; 
almost half of the current smokers at baseline had 
quit at follow-up. One explanation for these high 
quit rates may be the stricter tobacco law that was 
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introduced in Sweden in 2005, including smoking 
bans in restaurants and bars. After its introduction, 
a decrease in smokers in the general population was 
seen, followed by decreased prevalence of respiratory 
symptoms and chronic obstructive pulmonary 
disease18,30. Similarly, our study found a beneficial 
effect of tobacco smoking cessation, probably because 
respiratory symptoms decreased. This is an important 
finding on its own for public health; after decades 
of strengthened tobacco legislation and prevention 
campaigns, we found both decreased tobacco smoking 
rates and subsequently improved respiratory health 
in our random sample of the population.

Strengths and limitations 
The strengths of this study include the longitudinal 
design, including large, random, representative 
samples of the population. The same questionnaire 
was used in OLIN and WSAS, enabling pooling of data 
from two large Swedish counties that include both 
urban and rural settings and cities of different sizes 
and socioeconomic levels. Despite the large sample 
size, sub-group analyses, for instance, by age group, 
were not possible due to a relatively low prevalence 
of e-cigarette use. Another limitation is that we 
asked for current and not previous e-cigarette use, 
nor the duration of e-cigarette use. Thus, we could 
not identify former e-cigarette users or the burden 
of exposure to e-cigarettes. For instance, smokers at 
baseline who quit after using e-cigarettes and then 
quit e-cigarettes, have been classified as quitters 
without e-cigarettes in our study. The eight to ten 
years of follow-up time could introduce attrition bias 
and/or a ‘healthy survivor effect’. Both OLIN and 
WSAS have performed non-responder analyses and 
found that neither prevalence estimates of respiratory 
symptoms nor the associations with risk factors were 
underestimated17,19. However, smokers declined 
participation to a higher degree than non-smokers, 
which is why it is unlikely that the associations found 
in the current study are overestimated. 

CONCLUSIONS
In this population-based study, e-cigarette use was 
associated with persistent tobacco smoking, smoking 
more than 15 cigarettes per day, and reporting 
respiratory symptoms. We did not find any associations 

between e-cigarette use and quitting smoking or a 
reduction in number of cigarettes smoked per day. 
Persistent smokers reported increasing respiratory 
symptoms, while those who quit tobacco smoking 
reported decreasing respiratory symptoms, but there 
was no significant association between e-cigarette use 
and a reduction of respiratory symptoms. 

REFERENCES
1. Kinnunen JM, Rimpelä AH, Lindfors PL, et al. Electronic 

cigarette use among 14- to 17-year-olds in Europe. Eur J 
Public Health. 2021;31(2):402-408. doi:10.1093/eurpub/
ckaa145

2. Kalkhoran S, Alvarado N, Vijayaraghavan M, Lum PJ, Yuan 
P, Satterfield JM. Patterns of and reasons for electronic 
cigarette use in primary care patients. J Gen Intern Med. 
2017;32(10):1122-1129. doi:10.1007/s11606-017-4123-x

3. Goniewicz ML, Knysak J, Gawron M, et al. Levels of 
selected carcinogens and toxicants in vapour from electronic 
cigarettes. Tob Control. 2014;23(2):133-139. doi:10.1136/
tobaccocontrol-2012-050859

4. Selya AS, Dierker L, Rose JS, Hedeker D, Mermelstein RJ. 
The role of nicotine dependence in e-cigarettes’ potential for 
smoking reduction. Nicotine Tob Res. 2018;20(10):1272-
1277. doi:10.1093/ntr/ntx160

5. Hartmann-Boyce J, Lindson N, Butler AR, et al. Electronic 
cigarettes for smoking cessation. Cochrane Database Syst 
Rev. 2022;11(11):CD010216. doi:10.1002/14651858.
CD010216.pub7

6. Kennedy CD, van Schalkwyk MCI, McKee M, et al. The 
cardiovascular effects of electronic cigarettes: a systematic 
review of experimental studies. Prev Med 2019;127:105770. 
doi:10.1016/j.ypmed.2019.105770

7. Wills TA, Soneji SS, Choi K, Jaspers I, Tam EK. 
E-cigarette use and respiratory disorders: an integrative 
review of converging evidence from epidemiological and 
laboratory studies. Eur Respir J. 2021;57(1):1901815. 
doi:10.1183/13993003.01815-2019

8. Antoniewicz L, Brynedal A, Hedman L, Lundbäck M, Bosson 
JA. Acute effects of electronic cigarette inhalation on the 
vasculature and the conducting airways. Cardiovasc Toxicol. 
2019;19(5):441-450. doi:10.1007/s12012-019-09516-x

9. Asfar T, Jebai R, Li W, et al. Risk and safety profile of 
electronic nicotine delivery systems (ENDS): an umbrella 
review to inform ENDS health communication strategies. 
Tob Control. doi:10.1136/tc-2022-057495

10. Hedman L, Backman H, Stridsman C, et al. Association 
of electronic cigarette use with smoking habits, 
demographic factors, and respiratory symptoms. 
JAMA Netw Open. 2018;1(3):e180789. doi:10.1001/
jamanetworkopen.2018.0789

11. Wang RJ, Bhadriraju S, Glantz SA. E-cigarette use and 
adult cigarette smoking cessation: a meta-analysis. Am 

https://doi.org/10.18332/tid/176949
http://doi.org/10.1093/eurpub/ckaa145
http://doi.org/10.1093/eurpub/ckaa145
http://doi.org/10.1007/s11606-017-4123-x
http://doi.org/10.1136/tobaccocontrol-2012-050859
http://doi.org/10.1136/tobaccocontrol-2012-050859
http://doi.org/10.1093/ntr/ntx160
http://doi.org/10.1002/14651858.CD010216.pub7
http://doi.org/10.1002/14651858.CD010216.pub7
http://doi.org/10.1016/j.ypmed.2019.105770
http://doi.org/10.1183/13993003.01815-2019
http://doi.org/10.1007/s12012-019-09516-x
http://doi.org/10.1136/tc-2022-057495
http://doi.org/10.1001/jamanetworkopen.2018.0789
http://doi.org/10.1001/jamanetworkopen.2018.0789


Research Paper
Tobacco Induced Diseases 

Tob. Induc. Dis. 2024;22(January):21
https://doi.org/10.18332/tid/176949

10

J Public Health. 2021;111(2):230-246. doi:10.2105/
AJPH.2020.305999

12. Willemse BW, Postma DS, Timens W, ten Hacken NH. The 
impact of smoking cessation on respiratory symptoms, lung 
function, airway hyperresponsiveness and inflammation. Eur 
Respir J. 2004;23(3):464-476. doi:10.1183/09031936.04.0
0012704

13. Culbreth RE, Spears CA, Brandenberger K, et al. Dual use 
of electronic cigarettes and traditional cigarettes among 
adults: psychosocial correlates and associated respiratory 
symptoms. Respir Care. 2021;66(6):951-959. doi:10.4187/
respcare.08381

14. Xie W, Tackett AP, Berlowitz JB, et al. Association 
of electronic cigarette use with respiratory symptom 
development among U.S. young adults. Am J Respir 
Crit Care Med. 2022;205(11):1320-1329. doi:10.1164/
rccm.202107-1718OC

15. Bhatta DN, Glantz SA. Association of e-cigarette use with 
respiratory disease among adults: a longitudinal analysis. 
Am J Prev Med. 2020;58(2):182-190. doi:10.1016/j.
amepre.2019.07.028

16. Nwaru BI, Ekerljung L, Rådinger M, et al. Cohort profile: 
the West Sweden Asthma Study (WSAS): a multidisciplinary 
population-based longitudinal study of asthma, allergy 
and respiratory conditions in adults. BMJ Open 
2019;9(6):e027808. doi:10.1136/bmjopen-2018-027808

17. Rönmark EP, Ekerljung L, Lötvall J, Torén K, Rönmark E, 
Lundbäck B. Large scale questionnaire survey on respiratory 
health in Sweden: effects of late- and non-response. 
Respir Med. 2009;103(12):1807-1815. doi:10.1016/j.
rmed.2009.07.014

18. Backman H, Räisänen P, Hedman L, et al. Increased 
prevalence of allergic asthma from 1996 to 2006 and further 
to 2016-results from three population surveys. Clin Exp 
Allergy. 2017;47(11):1426-1435. doi:10.1111/cea.12963

19. Räisänen P, Hedman L, Andersson M, et al. Non-response 
did not affect prevalence estimates of asthma and respiratory 
symptoms - results from a postal questionnaire survey of 
the general population. Respir Med. 2020;173:106017. 
doi:10.1016/j.rmed.2020.106017

20. Lundbäck B, Nyström L, Rosenhall L, Stjernberg N. 
Obstructive lung disease in northern Sweden: respiratory 
symptoms assessed in a postal survey. Eur Respir J. 
1991;4(3):257-266.

21. Buu A, Hu YH, Piper ME, Lin HC. The association between 
e-cigarette use characteristics and combustible cigarette 
consumption and dependence symptoms: results from a 
national longitudinal study. Addict Behav. 2018;84:69-74. 
doi:10.1016/j.addbeh.2018.03.035

22. Gomajee R, El-Khoury F, Goldberg M, et al. Association 
between electronic cigarette use and smoking reduction 
in France. JAMA Intern Med. 2019;179(9):1193-1200. 
doi:10.1001/jamainternmed.2019.1483

23. Doran N, Brikmanis K, Petersen A, et al. Does e-cigarette use 
predict cigarette escalation? A longitudinal study of young 

adult non-daily smokers. Prev Med. 2017;100:279-284. 
doi:10.1016/j.ypmed.2017.03.023

24. Loukas A, Marti CN, Harrell MB. Electronic nicotine delivery 
systems use predicts transitions in cigarette smoking among 
young adults. Drug Alcohol Depend. 2022;231:109251. 
doi:10.1016/j.drugalcdep.2021.109251

25. Hedman L, Galanti MR, Ryk L, Gilljam H, Adermark L. 
Electronic cigarette use and smoking cessation in cohort 
studies and randomized trials: a systematic review and 
meta-analysis. Tob Prev Cessat. 2021;7:62. doi:10.18332/
tpc/142320

26. Chaiton M, Pienkowski M, Musani I, et al. Smoking, 
e-cigarettes and the effect on respiratory symptoms among 
a population sample of youth: Retrospective cohort study. 
Tob Induc Dis. 2023;21:08. doi:10.18332/tid/156839

27. Veldheer S, Yingst J, Midya V, et al. Pulmonary and other 
health effects of electronic cigarette use among adult smokers 
participating in a randomized controlled smoking reduction 
trial. Addict Behav. 2019;91:95-101. doi:10.1016/j.
addbeh.2018.10.041

28. Barufaldi LA, Guerra RL, de Albuquerque RCR, et al. Risk 
of smoking relapse with the use of electronic cigarettes: a 
systematic review with meta-analysis of longitudinal studies. 
Tob Prev Cessat. 2021;29:29. doi:10.18332/tpc/132964

29. Gallus S, Stival C, McKee M, et al. Impact of electronic 
cigarette and heated tobacco product on conventional 
smoking: an Italian prospective cohort study conducted 
during the COVID-19 pandemic. Tob Control. doi:10.1136/
tc-2022-057368

30. Backman H, Vanfleteren L, Lindberg A, et al. Decreased 
COPD prevalence in Sweden after decades of decrease in 
smoking. Respir Res. 2020;21(1):283. doi:10.1186/s12931-
020-01536-4

https://doi.org/10.18332/tid/176949
http://doi.org/10.2105/AJPH.2020.305999
http://doi.org/10.2105/AJPH.2020.305999
http://doi.org/10.1183/09031936.04.00012704
http://doi.org/10.1183/09031936.04.00012704
http://doi.org/10.4187/respcare.08381
http://doi.org/10.4187/respcare.08381
http://doi.org/10.1164/rccm.202107-1718OC
http://doi.org/10.1164/rccm.202107-1718OC
http://doi.org/10.1016/j.amepre.2019.07.028
http://doi.org/10.1016/j.amepre.2019.07.028
http://doi.org/10.1136/bmjopen-2018-027808
http://doi.org/10.1016/j.rmed.2009.07.014
http://doi.org/10.1016/j.rmed.2009.07.014
http://doi.org/10.1111/cea.12963
http://doi.org/10.1016/j.rmed.2020.106017
http://doi.org/10.1016/j.addbeh.2018.03.035
http://doi.org/10.1001/jamainternmed.2019.1483
http://doi.org/10.1016/j.ypmed.2017.03.023
http://doi.org/10.1016/j.drugalcdep.2021.109251
http://doi.org/10.18332/tpc/142320
http://doi.org/10.18332/tpc/142320
http://doi.org/10.18332/tid/156839
http://doi.org/10.1016/j.addbeh.2018.10.041
http://doi.org/10.1016/j.addbeh.2018.10.041
http://doi.org/10.18332/tpc/132964
http://doi.org/10.1136/tc-2022-057368
http://doi.org/10.1136/tc-2022-057368
http://doi.org/10.1186/s12931-020-01536-4
http://doi.org/10.1186/s12931-020-01536-4


Research Paper
Tobacco Induced Diseases 

Tob. Induc. Dis. 2024;22(January):21
https://doi.org/10.18332/tid/176949

11

ACKNOWLEDGEMENTS 
We would like to acknowledge the late Bo Lundbäck, former head 
of the West Sweden Asthma Study at Krefting Research Center and 
former head of the OLIN studies, for initiating the studies and for 
important scientific support. We would also like to acknowledge Viktor 
Strandkvist, Zandra Lundgren, Bo Selinder and Tessa Pohjanen for 
questionnaire management and compilation of data.

CONFLICTS OF INTEREST
The authors have each completed and submitted an ICMJE form for 
Disclosure of Potential Conflicts of Interest. The authors declare that 
they have no competing interests, financial or otherwise, related 
to the current work. H. Backman reports personal fees for lectures 
from AstraZeneca, Sanofi, and GlaxoSmithKline. H. Kankaanranta 
reports personal fees for consultancies or lectures from AstraZeneca, 
Boehringer-Ingelheim, Chiesi Pharma, GSK, MSD, Mundipharma, 
Novartis, Orion Pharma and SanofiGenzyme. A. Lindberg reports 
personal fees for lectures and advisory board from Boehringer 
Ingelheim, Novartis, AstraZeneca, and GlaxoSmithKline. C. Stridsman 
reports personal fees for lectures and advisory board from Boehringer 
Ingelheim, Novartis, and AstraZeneca. 

FUNDING
This work was supported by The Swedish Heart Lung Foundation, The 
Swedish Asthma and Allergy Foundation, VBG Group Herman Krefting 
Foundation for Asthma and Allergy Research, Swedish Research 
Council, ALF: a regional agreement between Umeå University and 
Region Västerbotten, and University of Gothenburg and Region Västra 
Götaland, respectively; Norrbotten County council and VISARE NORR 
Fund: Northern county councils’ Regional federation. None of the 
funding sources had any role in the design of the study and collection, 
analysis, and interpretation of data, in the writing of the report, or in 
the decision to submit the article for publication.

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval was obtained from the Regional Ethical Review Boards 
in Umeå (Approval number: 2015-404-31, Date: 1 December 2015) and 
Gothenburg (Approval number: 052-16, Date: 25 February 2016), after 
obtaining the necessary institutional permissions allowing access to the 
participants. Participants provided informed consent.

DATA AVAILABILITY
The data supporting this research are available from the authors upon 
reasonable request and after a confidentiality evaluation.

AUTHORS’ CONTRIBUTION
All authors made substantial contributions to the conception or design 
of the work; or the acquisition, analysis, or interpretation of data for 
the work. LH and GL drafted the manuscript. LH, GL and LE performed 
data analyses and visualized the results. HB, ML, CS, AL, HK, LR, ER and 
LE revised the manuscript critically for important intellectual content. 
ER, LH, HB, CS, AL, LE, HK and LR contributed to conceptualization, 
funding acquisition, methodology, and/or project administration. All 
authors read and approved the final version of the manuscript. 

PROVENANCE AND PEER REVIEW 
Not commissioned; externally peer reviewed. 

https://doi.org/10.18332/tid/176949

