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Abstract

Background and aims: In March 2024, the UK government announced plans to intro-

duce a Vaping Products Duty that will tax e-liquids based on their nicotine strength. This

study examined trends in the nicotine strength of e-liquids used by adult vapers and

differences in those currently used across relevant subgroups.

Design: Nationally-representative, cross-sectional household survey, July 2016 to

January 2024.

Setting: Great Britain.

Participants: 7981 adult vapers.

Measurements: Participants were asked whether the e-cigarette they mainly use con-

tains nicotine (yes/no) and the e-liquid strength (no nicotine, >0–≤ 6, 7–11, 12–19 or

≥20 mg/ml). We also collected information on the main device type used (disposable/

refillable/pod), age, gender, occupational social grade, history of ≥1 mental health condi-

tions, smoking status and (among past-year smokers) level of cigarette addiction.

Findings: The proportion of vapers in England using high-strength (≥20 mg/ml) e-liquids

increased from an average of 3.8% (95% confidence interval [CI] = 2.9–5.0) up to June

2021 to 32.5% (CI = 27.9–37.4) in January 2024 (the vast majority of whom [93.3% in

January 2024] reported using exactly 20 mg/ml; the legal limit). This rise was most pro-

nounced among those using disposable e-cigarettes, those aged 18-24 years and all

smoking statuses (including never smokers) except long-term (≥1y) ex-smokers. Of those

surveyed in 2022–2024 in Great Britain, overall, 89.5% (CI = 88.1–90.8) said they usually

used e-cigarettes containing nicotine, 8.7% (CI = 7.5–10.0) used nicotine-free e-ciga-

rettes, and 1.8% (CI = 1.2–2.4) were unsure. The proportion using ≥20 mg/ml was higher

among those mainly using disposable (47.9%) compared with pod (16.3%) or refillable

(11.5%) devices; never smokers (36.0%), current smokers (28.8%) or recent (<1y) ex-

smokers (27.4%), compared with long-term ex-smokers (13.9%); and younger (16–24y;

44.2%) compared with older (≥25y; range 9.4–25.1%) age groups. There were no notable

differences across other subgroups of interest.

Conclusions: Use of high-strength nicotine e-liquids in England appears to have

increased sharply in recent years. Most adult vapers in Great Britain appear to use

e-cigarettes that contain nicotine but different subgroups use different strengths:
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nicotine strengths tend to be higher among those who mainly use disposable devices

and those aged 16–24y, and lower among long-term ex-smokers.

K E YWORD S

disposable vapes, e-cigarettes, e-cigarette tax, vaping, vaping duty, vaping tax

INTRODUCTION

In Great Britain, the prevalence of e-cigarette use (vaping) has risen

rapidly among adolescents and young adults since 2021 [1–3]. This

has largely been attributed to the introduction of new disposable

e-cigarettes (vapes) to the market [2]. These products are easy to use,

have colourful design and branding, come in a variety of flavours and

typically contain high levels of nicotine, delivered in palatable

nicotine-salts e-liquid [4–6]. They are also cheaper to buy than both

cigarettes and refillable e-cigarettes—one of the most popular brands

with underage vapers, Elf Bar 600, can be found online for £2.99 (US

$3.80, €3.50) and in convenience stores and supermarkets for £5.99

(US$7.70, €7.00)—making them more affordable for experimental use.

The United Kingdom (UK) government has made reducing youth

vaping a key public health policy priority [7]. In January 2024, the

Prime Minister announced a ban on disposable e-cigarettes as part of

a package of measures designed to tackle the rise in youth vaping [8,

9]. In March 2024, the Chancellor of the Exchequer announced in the

Spring budget that a new Vaping Products Duty would also be intro-

duced from October 2026 in an effort to make vaping less affordable

to children [10]. According to the consultation document, which sets

out the proposal for how the duty will be designed and implemented,

the Vaping Products Duty will be an excise duty levied on the e-liquid

in e-cigarettes with higher levels of duty applied to higher-strength

nicotine e-liquids (proposed to be £1 per 10 mL for nicotine-free

e-liquids, £2 per 10 mL for e-liquids that contain up to 10.9 mg of nic-

otine per mL and £3 per 10 mL for e-liquids that contain 11 mg or

more nicotine per mL) [10]. The rationale for the differential tax rate

is that ‘given the known harms caused by nicotine addiction, the gov-

ernment’s intention is also to encourage consumers to reduce their

nicotine intake by switching to lower or nicotine-free options, further

supporting health objectives’ [10]. Some evidence suggests that use

of products with higher nicotine strength is associated with greater

symptoms of dependence (e.g. frequency of vaping, urges to vape and

perceived vaping addiction) among young vapers [11].

Ministers have acknowledged the need to try and strike the right

balance with a price increase that acts as a deterrent but ensures vap-

ing remains a more affordable option than smoking to encourage adult

smokers to switch to the less harmful product [9]. To that end, the UK

government concurrently announced a one-off increase on the duty

on tobacco (by £2 per 100 cigarettes or 50 g of tobacco) in October

2026 to coincide with the introduction of the Vaping Products

Duty [10]. However, even if they remain less expensive than tobacco,

taxing higher-strength nicotine e-liquids at higher rates could have

unintended consequences for people who smoke and those who have

switched from smoking to vaping. Higher-strength e-liquids provide

better relief from withdrawal and satisfy cravings for tobacco [12] and

may, therefore, be more effective for helping prevent relapse [13].

Making these products more expensive could disincentivise their use

and drive vapers toward cheaper, lower-strength e-liquids. This could

potentially undermine smoking cessation [14] or result in increased

use of e-liquid to compensate [15] (including among young vapers not

trying to quit smoking); therefore, increasing potential toxicant expo-

sure and associated risks to health [16]. It could also prompt them to

source illicit higher strength products and potentially also to mix their

own e-liquids, which poses potential safety risks [17]. These

responses may be more likely among vapers from disadvantaged

groups (e.g. those working in lower paid jobs or with mental health

conditions), who tend to be more dependent on nicotine [18, 19] and

have lower disposable incomes.

Understanding what nicotine strengths adult vapers in Great Brit-

ain are currently using, before the introduction of the Vaping Products

Duty, and how this differs across subgroups of vapers, can offer

insight into who will be most affected by the duty. In line with the

European Union Tobacco Products Directive (TPD), the maximum nic-

otine concentration permitted in e-liquids for sale as consumer prod-

ucts in Great Britain is 20 mg/mL [16]. A representative survey of

adults in England in 2021 indicated the most popular strength of

e-liquid was ≤6 mg/mL (used by 39.9% of vapers), with just 5.4%

using 20 mg/mL or more [16], but it is likely that this may have chan-

ged since high-strength disposable e-cigarettes have become popular.

This study aimed to:

1. Estimate trends in the nicotine strength of e-liquids used among

adult vapers in England between 2016 and 2023, overall and by

the main device type used, age and smoking status.

2. Provide up-to-date descriptive information on the use of different

e-cigarette nicotine strengths among adult vapers in Great Britain

in 2022–2024, overall and by the main device type used, vaping

frequency, age, gender, socioeconomic position, history of mental

health conditions, smoking status and (among past-year smokers)

level of cigarette dependence.

3. Understand which groups would be most affected by the proposed

Vaping Products Duty structure.

METHODS

Design

Data were drawn from the Smoking Toolkit Study [20, 21]. This is a

repeat cross-sectional survey of adults (≥16 years) that captures a
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broad range of data on smoking and vaping. It began in England in

2006 (n = �1700 per month) and expanded to cover Wales (n =

�300) and Scotland (n = �450) from October 2020. Each month, a

new sample is recruited using a hybrid of random probability and

quota sampling. Comparisons with other national surveys and sales

data indicate that key variables such as socio-demographic character-

istics, smoking prevalence and cigarette consumption are nationally

representative [20, 22].

Interviews were conducted face-to-face up to the start of the

coronavirus disease 2019 (Covid-19) pandemic. Social distancing

restrictions meant no data were collected in March 2020 and data col-

lection pivoted to telephone interviews from April 2020 onward. The

two data collection modalities show good comparability. When social

distancing restrictions were lifted, we ran a parallel telephone and

face-to-face survey wave and yielded similar estimates for key socio-

demographic, smoking and nicotine product use measures [23]. Data

were not collected from 16- and 17-year-olds between April 2020

and December 2021.

Sample selection for the present analysis

For the present analyses, we selected data from two samples of par-

ticipants who reported current vaping at the time of the survey. The

trend analyses focused on respondents in the period from July 2016

(the first wave to assess nicotine strength) to January 2024 (the most

recent data at the time of analysis). We restricted this sample to those

living in England and age ≥18 for consistency across the time series,

given that the Wales and Scotland data collection began in 2020 and

16- and 17-year-olds were not included in every wave. The analyses

of current nicotine strengths used in 2022 to 2024 focused on all

respondents living in Great Britain and age ≥16 in the period from

January 2022 to January 2024 (the most recent 2 years of data avail-

able, after new disposable e-cigarettes became popular) [2].

Nicotine strength was not assessed in certain waves (May, June,

August, September, November and December 2022 and February,

March, May, August, September, November and December 2023), so

we excluded participants surveyed in these waves from our analytic

samples.

Measures

Vaping status was assessed within several questions asking about use

of a range of nicotine products. Current smokers were asked ‘Which,

if any, of the following are you currently using to help you cut down

the amount you smoke?’ and ‘Do you regularly use any of the follow-

ing in situations when you are not allowed to smoke?’; current

smokers and those who have quit in the past year were asked ‘Can I

check, are you using any of the following either to help you stop

smoking, to help you cut down or for any other reason at all?’; and
non-smokers were asked ‘Can I check, are you using any of the fol-

lowing?’ Those who reported using an e-cigarette in response to any

of these questions were considered current vapers and formed our

analytic sample.

Nicotine strength was assessed with two questions. The first

asked: ‘Does the electronic cigarette or vaping device you mainly use

contain nicotine?’ with response options ‘yes’, ‘no’ and ‘do not

know’. Those who responded yes to this question were then asked:

‘What strength is the e-liquid that you mainly use in your electronic

cigarette or vaping device?’ with response options ‘6 mg/mL (0.6%)

or less’, ‘7 mg/mL (0.7%) to 11 mg/mL (1.1%)’, ‘12 mg/mL (1.2%) to

19 mg/mL (1.9%)’, ‘20 mg/mL (2.0%) or more’ and ‘do not know’.
From the most recent survey (January 2024), the response option ‘20
mg/mL (2.0%) or more’ has been replaced with ‘20 mg/mL (2.0%)’
and ‘more than 20 mg/mL (2.0%)’ to distinguish between those using

e-liquids with nicotine strengths at versus exceeding the legal limit.

The vast majority (n = 56/60, 93.3%) of participants surveyed in this

wave who reported using 20 mg/mL or more said they used 20 mg/

mL exactly (i.e. the maximum legal limit).

Device type was assessed with the question: ‘Which of the fol-

lowing do you mainly use …? ’ Response options were: refillable – ‘An
e-cigarette or vaping device with a tank that you refill with liquids

(rechargeable)’ or ‘A modular system that you refill with liquids (you

use your own combination of separate devices: batteries, atomizers,

etc.)’; disposable – ‘A disposable e-cigarette or vaping device (non-

rechargeable)’; and pod – ‘An e-cigarette or vaping device that uses

replaceable pre-filled cartridges (rechargeable)’.
The disposable response option was included in the surveys

across the entire period (except for May, June and August 2022, when

device type was not assessed), because older disposable devices were

available before the new nicotine-salts disposable products were

introduced to the market in 2021.

Vaping frequency was assessed by asking vapers: ‘How many

times per day on average do you use your nicotine replacement prod-

uct or products?’ Response options were: ‘1’, ‘2’, ‘3 to 4’, ‘5 to 7’, ‘8
to 11’, ‘12+’, ‘Not every day but at least once a week’, ‘Not every

day and less than once a week’, ‘Do not know’. Those who reported

use at least once a day were considered to be vaping daily and those

who reported use less than once a day were considered to be vaping

non-daily.

Socio-demographic characteristics included age (16–24/25–

34/35–44/45–54/55–65/≥65 years), gender (men/women), occupa-

tional social grade (ABC1 includes managerial, professional and upper

supervisory occupations/C2DE includes manual routine, semi-routine,

lower supervisory and long-term unemployed), nation (England/

Wales/Scotland) and history of ≥1 diagnosed mental health condition

since the age of 16 (yes/no; assessed between April 2020 and June

2023 among all participants in England and �50% of participants in

Wales and Scotland).

Smoking status was assessed by asking participants, which of the

following best applied to them: (a) ‘I smoke cigarettes (including hand-

rolled) every day’, (b) ‘I smoke cigarettes (including hand‐rolled), but

not every day’, (c) ‘I do not smoke cigarettes at all, but I do smoke

tobacco of some kind (e.g. pipe, cigar or shisha)’, (d) ‘I have stopped

smoking completely in the last year’, (e) ‘I stopped smoking

NICOTINE STRENGTH OF E-LIQUIDS USED IN GB 3
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completely more than a year ago’, or (f) ‘I have never been a smoker

(i.e. smoked for a year or more)’. Those who responded (a) to (c) were

considered current smokers, those who responded (d) recent (<1 year)

ex-smokers, (e) long-term (≥1 year) ex-smokers and (f) never smokers.

Among current and recent ex-smokers (past-year smokers), level

of cigarette dependence was assessed with self-reported ratings of

strength of urges to smoke over the past 24 hours (‘not at all’ [coded
0], ‘slight’ [1], ‘moderate’ [2], ‘strong’ [3], very strong [4] and

extremely strong [5]). This variable was also coded 0 for smokers who

responded ‘not at all’ to the (separate, previous) question: ‘How much

of the time have you spent with the urge to smoke?’ (participants

who responded ‘not at all’ were not asked how strong their urges had

been). This validated measure performs well compared with other

established measures of dependence [24].

Our rationale for selecting these variables for analysis was that

device type and vaping frequency are key vaping characteristics

that might be associated with use of different nicotine strengths; the

socio-demographic variables are known to be associated with vaping

and smoking; smoking status is strongly associated with vaping; and

level of dependence may influence people’s nicotine strength

preferences.

Statistical analysis

Analyses were conducted using R v.4.2.1. They were not pre-

registered and should be considered exploratory.

Survey weights were applied to match the sample to the demo-

graphic profile of England or Great Britain, as relevant for the specific

analysis [20, 21], with specific weights used for analyses of mental

health conditions to account for this variable not being assessed

among all participants in Wales and Scotland.

We excluded participants who did not respond to the

questions on nicotine strength (those who responded that they did

not know were included); those with missing data on other variables

(see Table S1 for details) were excluded on a per-analysis basis (see

figure legends and tables for information on sample sizes for each

analysis).

Trend analyses

Using data from vapers age ≥18 years in England surveyed between

July 2016 and January 2024, we used unadjusted logistic regression to

test associations (using individual-level data) between survey wave and

the nicotine strength of e-liquids used. Each response option for nico-

tine strength, including do not know responses, was dummy coded as

one versus else (i.e. no nicotine vs all other responses; 6 mg/mL or less

vs all other responses; etc.). Survey wave was modelled using restricted

cubic splines with five knots, to allow relationships with time to be flex-

ible and non-linear. We did not explore seasonality or autocorrelation.

To explore moderation of trends by the main device type used,

age and smoking status, we repeated the models including the

interaction between the moderator of interest and survey wave

—therefore, allowing time trends to differ across subgroups. Each

interaction was tested in a separate model. We did not focus on P-

values for these interactions, but rather used predicted estimates from

these models to plot the proportions (with 95% CI) of vapers using

each nicotine strength over time within subgroups. On these figures,

we included a vertical line indicating the timing of the rise in popular-

ity of disposable e-cigarettes among young adults (estimated to be

June 2021, based on previous findings) [2, 25] to contextualise

changes in the nicotine strengths being used.

Analyses of current nicotine strengths used

Using data from vapers age ≥16 years in Great Britain surveyed

between January 2022 and January 2024, we reported the propor-

tions (with 95% CI) of vapers who reported using each different nico-

tine strength or who did not know, overall and by the main device

type used, vaping frequency, socio-demographic characteristics,

smoking status and (among past-year smokers) strength of urges to

smoke.

We also calculated these separately stratified by the main device

type used, to check whether the pattern of results differed between

those mainly using refillable, disposable and pod devices (we excluded

strength of urges to smoke from these analyses, because of low num-

bers within subgroups).

Finally, we used univariate multinomial logistic regression to test

associations (among users of all device types) between nicotine

strength and each participant characteristic in turn, adjusting only for

survey wave. For this analysis, we collapsed nicotine strengths to no

nicotine, ≤11 mg/mL nicotine and ≥12 mg/mL nicotine (excluding

those who responded that they did not know), to approximate the

proposed structure of the Vaping Products Duty [10]. This was

intended to offer insight into which groups would be most affected

by the proposed duty.

RESULTS

A total of 9286 vapers were surveyed in eligible waves, of whom

8641 provided data on the nicotine strength of the e-liquid they

mainly used. For the trend analyses, we selected those age ≥18 and

living in England, providing a sample of 7314 participants (weighted

mean [SD] age = 40.8 [15.2] years; 44.8% women; 54.0% social

grades C2DE). For analyses of current nicotine strengths used in 2022

to 2024, we selected those age ≥16 years and living in Great Britain

surveyed between January 2022 and January 2024, providing a sam-

ple of 2373 participants (weighted mean [SD] age = 37.4 [15.3] years;

47.3% women; 54.1% social grades C2DE). In total, we analysed data

from 7981 unique participants (1706 were included in both samples,

5608 in the trend analysis sample only, and 667 in the 2022–2024

sample only). Characteristics of the two samples are shown in

Table S1. Vaping characteristics and age stratified by smoking status

4 JACKSON ET AL.
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are shown in Table S2. The majority (>70%) of participants, including

never smokers, reported vaping daily. Never smokers were more likely

to report using disposable devices and tended to be younger com-

pared with ex- and current smokers.

Trends in nicotine strength of e-liquids used by vapers
in England

Figure 1 shows modelled trends in nicotine strengths of e-liquids used

by vapers age ≥18 years in England between July 2016 and January

2024. Figures 2, 3 and 4 show trends by the main device type used,

age and smoking status, respectively.

The proportion of vapers who reported using the highest-

strength (≥20 mg/mL) e-liquids increased from an average of 3.8%

(95% CI = 2.9%–5.0%) up to June 2021 to 32.5% (27.9%–37.4%)

in January 2024 (Figure 1e). This was offset by declines over the

same period in the proportion using nicotine-free (from an average

of 11.5% [10.2%–13.0%] up to June 2021 to 7.3% [5.2%–10.0%]

in January 2024) (Figure 1a), ≤6 mg/mL (from 40.8% [38.6%–

43.0%] to 25.3% [21.6%–29.3%], respectively) (Figure 1b) and

12–19 mg/mL e-liquids (from 21.4% [19.6%–23.4%] to 12.7%

[10.0–16.0%], respectively) (Figure 1d), whereas the proportion

using 7–11 mg/mL e-liquids remained relatively stable (at an aver-

age of 9.4% [7.9%–11.3%] between June 2021 and January 2024)

(Figure 1c).

The proportion who said that the e-cigarette they mainly used

contained nicotine, but they did not know the strength increased in

2020 and 2021, from an average of 3.1% (2.4%–4.1%) up to

December 2019 to 8.5% (7.2%–10.0%) by December 2021, then

remained relatively stable at an average of 9.6% (8.1%–11.5%)

between January 2022 and January 2024 (Figure (1f). The proportion

who did not know if the e-cigarette they mainly used contained nico-

tine was low (<2.5%) across the period (Figure 1g).

F I GU R E 1 Trends in nicotine strengths of e-liquids used by adult (≥18 years) vapers in England, July 2016 to January 2024. Unweighted
sample size: n = 7314. Lines represent the modelled weighted proportion by monthly survey wave (modelled non-linearly using restricted cubic
splines with five knots). Shaded bands represent 95% CI. Points represent the unmodelled weighted proportion by month. The vertical dashed
line indicates the timing of the start of the rise in popularity of disposable vaping in June 2021.

NICOTINE STRENGTH OF E-LIQUIDS USED IN GB 5
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The overall increase in the proportion using ≥20mg/mL e‐liquids

since 2021 was observed across all device types, but was greatest

among those mainly using disposables (increasing from an average of

2.6% [0.9%–9.3%] up to June 2021 to 49.0% [40.8%–57.2%] in Janu-

ary 2024, compared with 3.7% [2.8%–5.0%] to 17.9% [12.9–24.3%]

and 5.7% [3.3%–9.8%] to 21.0% [11.8%–24.7%] among refillable and

pod users, respectively) (Figure 2e).

It was also more pronounced among vapers ages 18 to 24 than

those in older age groups, increasing from an average of 3.9% (2.1%–

7.0%) up to June 2021 to 53.1% (43.3%–62.7%) in January 2024,

compared with 3.9% (2.0%–7.6%) to 28.4% (18.7%–40.7%) among

those ages 35 to 44 and 3.8% (1.9%–7.5%) to 12.1% (4.2%–29.8%)

among those age ≥65 (age groups selected as examples) (Figure 3e).

The decline in the use of ≤6 mg/mL e-liquids was also greater in the

youngest age group, falling from a high of 49.9% (43.8%–56.0%) in

June 2019 to 17.2% (11.3%–25.2%) in January 2024, compared with

49.5% (44.1%–54.8%) to 30.2% (21.6%–40.5%) among those ages

35 to 44 and 32.0% (25.6%–39.2%) to 28.8% (15.8%–46.5%) among

those age ≥65 over the same period (Figure 3b).

Although the increase in the proportion using ≥20 mg/mL

e-liquids since 2021 was observed across all smoking statuses, it was

smallest among long-term ex-smokers. It increased from an average of

3.2% (1.9%–5.5%) up to June 2021 to 20.3% (14.0%–28.3%) in

January 2024, compared with 6.1% (2.6%–14.6%) to 46.9% (34.9%–

59.2%) among never smokers, 4.5% (2.1%–9.8%) to 30.5% (18.0%–

46.7%) among recent ex-smokers and 4.0% (2.8%–5.6%) to 36.8%

(29.6%–44.5%) among current smokers (Figure 4e). The decline in the

use of ≤6 mg/mL e-liquids was greatest among never smokers, falling

from 45.8% (37.1%–54.9%) in June 2021 to 13.1% (7.1%–23.0%) in

January 2024, compared with 45.9% (42.1%–49.7%) to 33.0%

F I GU R E 2 Trends in nicotine strengths of e-liquids used by adult (≥18 years) vapers in England, July 2016 to January 2024, by the main
device type used. Unweighted sample sizes: n = 5197 refillable; n = 880 disposable; n = 1131 pod. Lines represent the modelled weighted
proportion by monthly survey wave (modelled non-linearly using restricted cubic splines with five knots) and the main device type used. Shaded
bands represent 95% CI. Points represent the unmodelled weighted proportion by month. The vertical dashed line indicates the timing of the
start of the rise in popularity of disposable vaping in June 2021.
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(26.2%–40.7%) among long-term ex-smokers, 37.4% (30.6%–44.7%)

to 24.9% (14.4%–39.6%) among recent ex-smokers and 37.2%

(34.1%–40.4%) to 24.1% (18.8%–30.3%) among current smokers

(Figure 4b).

The overall increase in the proportion who said they did not know

the strength of their nicotine-containing e-cigarette was observed

across all smoking statuses, rising from 0.4% (0.1%–3.1%), 1.0%

(0.4%–2.0%) and 4.0% (3.1%–5.2%) in January 2019 to 6.3% (2.7%–

13.9%), 5.0% (2.4%–10.3%) and 15.1% (10.6%–21.0%) in January

2024 among never, long-term ex- and current smokers, respectively

(Figure 4f). However, the increase was limited to those who mainly

used pod and disposable devices (reaching 16.9% [8.6%–30.5%] and

18.3% [12.7%–25.5%], respectively, by January 2024), with little over-

all change among those who mainly used refillables (1.5% [0.7%–

3.5%] in January 2024) (Figure 2f).

Nicotine strength of e-liquids currently used by vapers
in Great Britain

Table 1 provides data on the nicotine strength of e-liquids used by

vapers age ≥16 years in Great Britain in 2022 to 2024, overall and in

relation to participant characteristics.

Overall, 89.5% (95% CI = 88.1%–90.8%) said they usually used

e-cigarettes containing nicotine, 8.7% (7.5%–10.0%) said they

used nicotine-free cigarettes and 1.8% (1.2%–2.4%) were unsure. The

most commonly used nicotine strength was ≤6 mg/mL (30.5% of

vapers), followed by ≥20 mg/mL (25.0%), 12–19 mg/mL (15.3%) and

7–11 mg/mL (9.1%).

However, the nicotine strength of e-liquids used differed across

subgroups of vapers. There were clear differences between those

using different e-cigarette device types. Almost half (47.9%) of

F I GU R E 3 Trends in nicotine strengths of e-liquids used by adult (≥18 years) vapers in England, July 2016 to January 2024, by age.
Unweighted sample sizes: n = 1209 18- to 24-year-olds; n = 1650 25- to 34-year-olds; n = 1302 35- to 44-year-olds; n = 1337 45- to 54-year-
olds; n = 1080 55- to 64-year-olds; n = 736 ≥65-year-olds. Lines represent the modelled weighted proportion by monthly survey wave (modelled
non-linearly using restricted cubic splines with five knots) and age. Shaded bands represent 95% CI. Points represent the unmodelled weighted
proportion by month. The vertical dashed line indicates the timing of the start of the rise in popularity of disposable vaping in June 2021.
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disposable users reported using ≥20 mg/mL e-liquids compared with

16.3% of pod users and 11.5% of refillable users. By contrast, 50.8%

of refillable users reported using ≤6 mg/mL or nicotine-free e-liquids,

compared with 27.0% of disposable users and 27.6% of pod users.

Refillable users were least likely to say that they did not know the

strength of their nicotine-containing e-cigarette (3.5% vs 15.1% and

17.2% of disposable and pod users, respectively).

Those vaping non-daily were more likely than daily users to say

that they did not know the strength of their nicotine-containing

e-cigarette (17.0% vs 7.6%, respectively), but use of the highest

strength (≥20 mg/mL) e-liquids was similar among non-daily and daily

vapers (23.9% vs 25.2%, respectively).

There were also differences by age, with almost half (44.2%) of

16 to 24-year-olds using the highest strength (≥20 mg/mL) e-liquids,

compared with 9.4% to 25.1% among older age groups. This age dif-

ference was observed across users of refillable (Table S3), disposable

(Table S4) and pod (Table S5) devices.

Finally, there were differences by smoking status. Never smokers

(36.0%), current smokers (28.8%) and recent ex-smokers (27.4%) were

more likely than long-term ex-smokers (13.9%) to report using the

highest strength (≥20 mg/mL) e-liquids. They were also much more

likely to say that they did not know whether their device contained

nicotine (3.4%, 1.9% and 3.3% vs 0.5%, respectively) or that they did

not know the strength of their nicotine-containing e-cigarette (9.4%,

13.7% and 6.7% vs 4.4%, respectively). The majority (87.4%) of never

smokers were using nicotine-containing e-cigarettes, most commonly

with ≥20 mg/mL e-liquids (36.0%). Of those using higher-strength

e-liquids (≥12 mg/mL), never, recent ex- and current smokers were

F I GU R E 4 Trends in nicotine strengths of e-liquids used by adult (≥18 years) vapers in England, July 2016 to January 2024, by smoking
status. Unweighted sample sizes: n = 530 never smokers; n = 2251 long-term (≥1 years) ex-smokers; n = 624 recent (<1 year) ex-smokers;
n = 3909 current smokers. Lines represent the modelled weighted proportion by monthly survey wave (modelled non-linearly using restricted
cubic splines with five knots) and smoking status. Shaded bands represent 95% CI. Points represent the unmodelled weighted proportion by
month. The vertical dashed line indicates the timing of the start of the rise in popularity of disposable vaping in June 2021. *Trends are not
reported for recent ex-smokers in (f) or for never, long-term ex- or recent ex-smokers in (g) because fewer than 30 participants in these groups
endorsed these response options over the entire period, introducing substantial imprecision into the estimates.
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more likely to be using ≥20 mg/mL than 12–19 mg/mL, but the oppo-

site was true for long-term ex-smokers. A higher proportion of long-

term ex-smokers than current and never smokers reported using low-

nicotine (≤6 mg/mL) e-liquids (37.8% vs 27.4% and 23.6%,

respectively).

There were no notable differences in nicotine strength by gender,

occupational social grade, history of mental health conditions or

(among smokers) level of cigarette dependence.

Groups that would currently be most affected by the
proposed Vaping Products Duty structure

Table 2 shows the results of the multinomial logistic regression

models, which summarise subgroup differences in the use of e-liquids

that would be taxed at intermediate and higher levels, compared with

lower levels, according to the proposed Vaping Products Duty

structure.

There were significant differences by the main device type used,

vaping frequency, age and smoking status. Relative to those who

mainly used refillable devices, disposable users had 1.62 times higher

odds of using mid-strength (≤11 mg/mL) e-liquids and 5.21 times

higher odds of using high-strength (≥12 mg/mL) e-liquids than

nicotine-free e-liquids and pod users had 1.75 times higher odds of

using high-strength e-liquids.

Relative to those who vaped non-daily, daily users had 1.53 and

1.51 times higher odds of using mid- and high-strength e-liquids than

nicotine-free e-liquids, respectively.

The odds of using high-strength e-liquids versus nicotine-free

e-liquids were lower among older (≥25y) age groups than those ages

16 to 24 years (OR range = 0.31–0.49), but the odds of using mid-

strength e-liquids were similar across age groups.

Relative to long-term ex-smokers, current smokers had 93%

higher odds of using high-strength versus nicotine-free e-liquids,

recent ex-smokers had 61% higher odds and never smokers had 59%

higher odds. The odds of using mid-strength e-liquids were more simi-

lar across smoking statuses.

There were no notable differences across other subgroups.

DISCUSSION

This study provides a comprehensive picture of the nicotine strengths

of e-liquids used by adult vapers in Great Britain, with five key

findings.

First, although nine in 10 vapers reported using e-cigarettes that

contain nicotine, there have been notable changes in the strengths

used in England since 2016. In particular, there has been a sharp rise

in the proportion of vapers using the highest-strength (≥20 mg/mL)

e-liquids since disposable e-cigarettes started to become popular in

the spring of 2021 [2, 26], offset by a decline in the proportion using

lower-strength e-liquids (particularly ≤6 mg/mL). For the majority of

the time the question was assessed, the question did not distinguishT
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T AB L E 2 Associations between usual nicotine strength and user characteristics among adult (≥16 years) vapers in Great Britain, January
2022–January 2024.

na

Nicotine strength vs no nicotine, OR [95% CI]b

11 mg/mL or less 12 mg/mL or more

Main device type

Refillable 1207 Ref Ref

Disposable 666 1.62 [1.10–2.38] 5.21 [3.57–7.60]

Pod 213 0.69 [0.44–1.09] 1.75 [1.13–2.73]

Vaping frequency

Non-daily 327 Ref Ref

Daily 1465 1.53 [1.06–2.19] 1.51 [1.05–2.16]

Age (y)

16–24 496 Ref Ref

25–34 481 1.12 [0.73–1.72] 0.49 [0.32–0.75]

35–44 364 0.90 [0.58–1.39] 0.33 [0.21–0.52]

45–54 333 1.21 [0.73–2.02] 0.49 [0.29–0.81]

55–64 272 0.58 [0.36–0.96] 0.31 [0.19–0.50]

≥65 154 0.65 [0.34–1.23] 0.39 [0.21–0.73]

Genderc

Men 1095 Ref Ref

Women 971 0.86 [0.65–1.14] 0.94 [0.71–1.24]

Occupational social grade

ABC1 (more advantaged) 1251 Ref Ref

C2DE (less advantaged) 850 0.96 [0.72–1.26] 0.96 [0.72–1.27]

Occupational social grade

England 1582 Ref Ref

Wales 167 0.55 [0.30–1.03] 0.61 [0.33–1.13]

Scotland 352 0.85 [0.51–1.41] 0.79 [0.47–1.33]

History of ≥1 diagnosed mental health conditionsd

No 640 Ref Ref

Yes 677 1.10 [0.77–1.59] 1.28 [0.89–1.85]

Smoking status

Long-term (≥1 y) ex-smoker 741 Ref Ref

Recent (<1 y) ex-smoker 203 1.13 [0.68–1.87] 1.61 [0.96–2.67]

Current smoker 898 1.15 [0.84–1.58] 1.93 [1.40–2.66]

Never smoker 259 0.79 [0.51–1.22] 1.59 [1.04–2.45]

Strength of urges to smokee

Not at all 208 Ref Ref

Slight 212 0.86 [0.44–1.69] 1.02 [0.52–2.02]

Moderate 385 0.77 [0.43–1.39] 1.06 [0.59–1.91]

Strong 184 0.75 [0.37–1.51] 1.20 [0.60–2.42]

Very strong 53 1.12 [0.34–3.75] 1.78 [0.54–5.89]

Extremely strong 38 0.36 [0.12–1.06] 0.64 [0.23–1.79]

aUnweighted sample size. Note these numbers differ from those in Table 1 because those who responded that they did not know the nicotine strength

were excluded.
bOR calculated using multinomial logistic regression (with no nicotine as the reference category), univariate models adjusted for survey wave.
cParticipants who described their gender in another way were excluded from analyses by gender because of low numbers.
dMental health conditions were not collected after June 2023, so results are based on data collected between January 2022 and June 2023.
eSelf-reported ratings of the strength of urges to smoke in the past 24 hours among past-year smokers.
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between 20 mg/mL (the legal limit) and higher concentrations. In the

most recent data, the question distinguished between the two, and

indicated that more than 90% of this group use the legal limit rather

than stronger concentrations. Although the increase in use of high-

strength nicotine e-liquids was particularly pronounced among those

using disposables, it was also observed across users of refillable and

pod devices. It was greatest among 18 to 24-year-olds, consistent

with the rise in use of disposable e-cigarettes being greatest at

younger ages [2, 26], and was similarly pronounced in people of all

smoking statuses (including never smokers), except long-term

ex-smokers.

Second, there has been an increase since 2020 in the proportion

of vapers using disposable and pod devices who did not know how

strong their nicotine‐containing e‐liquid was. It is possible that this

increase is because of changes in where people are buying their vap-

ing products since the Covid‐19 pandemic. Before the pandemic, most

vapers said that they usually bought their e‐cigarettes and e‐liquids

from specialist vape shops [27], where staff are knowledgeable about

the products and offer advice on nicotine strength [28]. However,

vape shops were forced to close during periods of lockdown [29],

which saw a shift toward online purchasing [27]. In addition, since dis-

posable e‐cigarettes were introduced to the market in 2021, super-

markets and convenience stores have become the most popular

source of purchase [27]. Typically, devices in these locations are

stored behind a counter and people cannot easily browse or inspect

products before stating which device they would like to purchase.

Better labelling and display by nicotine strength may be required to

make the nicotine strength of products sold in these outlets clearer to

consumers. If people are using illegal products, they may not clearly

display nicotine content.

Third, the nicotine strength of e-liquids used currently tended to

be higher among those who mainly use disposable devices. Although

the UK government plans to ban disposable e-cigarettes [8], it is

unlikely that this will result in a return to the profile of nicotine

strength use before disposables became popular in 2021. Manufac-

turers are already responding rapidly to an impending ban by intro-

ducing reusable (rechargeable and refillable) models to the market

that are very similar in design and price to popular disposable

models—including the nicotine strength of the e-liquids they contain.

In addition, new e-cigarettes (whether disposable or not) typically use

nicotine salts e-liquids, which allow for higher nicotine strengths to be

inhaled without the harshness people experience when they use high-

strength e-liquids containing freebase nicotine [6].

Fourth, the nicotine strengths used also tended to be higher

among those ages 16 to 24 years (whether or not they are using dis-

posables), and in people of all smoking statuses (including never

smokers) except long-term ex-smokers. This suggests that the pro-

posed Vaping Products Duty would disproportionately affect young

vapers who have never smoked and may, therefore, contribute to

reducing uptake (i.e. progression to regular use from experimentation)

in this group, a stated policy objective. However, our results suggest it

is not just never smokers who would be affected, but also current and

recent ex-smokers who also tend to use higher nicotine strengths

compared with long-term ex-smokers. This could have a number of

unintended consequences.

If the duty discourages smokers from trying to quit with

e-cigarettes or prompts them to use lower-strength e-liquids, it could

undermine quitting and perpetuate smoking. Comparisons of the

effectiveness of different doses of nicotine in e-cigarettes are lim-

ited [13]. One RCT (conducted in the United States where higher nic-

otine strengths are permitted than in the United Kingdom) found quit

rates were 2.5 times higher among smokers randomised to receive an

e-cigarette containing 36 mg/mL e-liquid than those who received

8 mg/mL, but the 95% CI included no difference (RR = 2.50 [95% CI =

0.80–7.77]) [14]. We found that although current smokers tended to

use higher-strength e-liquids than long-term ex-smokers, one in three

reported using low-strength (<6 mg/mL) or nicotine-free e-cigarettes.

Given higher-strength e-liquids are more effective in relieving cravings

for tobacco [12], people who want to use e-cigarettes to quit smoking

could be encouraged to use higher-strength products (at least in the

short term) to potentially increase their chances of quitting [14]. How-

ever, the structure of the proposed duty will make it more expensive

for smokers who do so. Our data do not tell us about the nicotine

strength of e-liquids used by smokers in quit attempts, which may be

higher than the average among current smokers and recent ex-

smokers (as those who quit may reduce the nicotine strength used

gradually after quitting).

If the duty encourages ex-smokers who vape to stop vaping or to

switch to lower-strength e-liquids, there is a risk it could trigger

relapse to smoking (although there is little direct evidence of the

impact of e-cigarettes on long-term relapse, and people have also

speculated that long-term nicotine dependence may be a greater risk

factor for long-term relapse). This seems unlikely for long-term ex-

smokers who reported using the lowest nicotine strengths, which may

reflect people ‘tapering down’ their nicotine use over time or having

quit with and continued using older-generation refillable devices

(which, as we found, are typically used with lower-strength e-liquids

than modern disposables). If it does not affect the risk of long-term

relapse to smoking, then there are likely to be health benefits because

vaping long-term is not harmless [16]. However, higher strengths may

be important for recent ex-smokers (who tended to use these), who

may benefit from using high-strength nicotine e-liquid in the early

phases of switching to minimise the risk of relapse [30].

There is also a risk that the duty could worsen misperceptions

about the harms of vaping. Although we did not analyse perceptions

in this study, recent data show smokers’ perceptions of the relative

harms of e-cigarettes compared with cigarettes are as bad as they

have ever been, with more than half believing they are equally or

more harmful [31]. Many people misattribute the cause of smoking-

related disease to nicotine [32, 33]. Applying higher duty rates to

higher-strength nicotine products may have the unwanted effect of

worsening or maintaining these misperceptions if people think the tax

is because the harms of these products are comparable to smoking

rather than to reduce youth use.
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The fifth key finding was that nicotine strength preferences did

not differ substantially according to markers of disadvantage (e.g. by

occupational social grade or history of mental health conditions) or by

level of cigarette dependence among vapers who smoked. Although

this provides some reassurance that levying higher rates of tax on

higher-strength e-liquids may not disproportionately affect disadvan-

taged or more dependent smokers who vape, our data only reflect

vapers’ current nicotine strength preferences. They do not offer

insight into how vapers’ choice of nicotine strength may change when

the duty is introduced.

If any of the potential responses outlined above are greater

among disadvantaged groups, it could have a negative equity impact.

E-cigarettes are an important intervention for reducing smoking-

related inequalities, because they offer a less harmful way of using

nicotine [16] without the need to quit nicotine altogether, which can

be appealing for people with difficult lives who are not ready to con-

sider total nicotine abstinence. Vaping is also cheaper than smok-

ing [34] and price is a motivator for those on low incomes. The UK

government’s ‘Swap to Stop’ initiative to provide a million free

e-cigarette starter packs (alongside behavioural support to quit) is

focused on reducing inequalities [35]. The Vaping Products Duty will

need to be carefully communicated so as not to dissuade people who

could benefit most from taking up the offer of a free e-cigarette

starter pack from their local stop smoking service.

Further research is urgently needed to understand the extent to

which these potential unintended consequences are likely to occur

and how they can be mitigated. In addition, more research is needed

into vapers who have never regularly smoked, who increasingly

reported using high-strength nicotine e-liquids. Although there is no

evidence that the increase in use of higher-strength e-liquids has

resulted in higher smoking rates, and previous research also has not

found evidence of a gateway from vaping to smoking at the popula-

tion level [36, 37], the increase in use of high-strength e-liquids

among never smokers needs to be monitored in terms of possible

gateway effects in the future.

Strengths of the study include the representative sample and up-

to-date data on nicotine strength preferences. There were also limita-

tions. All data were self-reported. Nicotine strength was not assessed

in every wave in 2022 and 2023, meaning there were some missing

data at the individual level. However, the use of splines effectively

interpolated at the aggregate level using information before and after

the missing time points to model the trends across the period. Data

were not collected in Wales and Scotland before October 2020, so

our analyses of time trends were restricted to vapers in England.

Sample sizes within some subgroups were relatively small, which

meant estimates were imprecise (as indicated by wide 95% CIs), and

there may be differences in nicotine strength preferences between

groups that we did not detect. In addition, the 20 mg/mL nicotine

strength classification included e-liquids at and exceeding the maxi-

mum legal limit in Great Britain [16], therefore, we were unable to

analyse trends in the use of nicotine strengths that exceed the legal

limit. We did not collect data on the amount of e-liquid used, which

will be a key influence on expenditure. Finally, we did not differentiate

between reasons for use, so our data do not offer insight into nicotine

strengths used by people vaping for the purpose of quitting, cutting

down, or for other reasons.

In conclusion, use of high-strength nicotine e-liquids in England

has increased sharply since disposable e-cigarettes have become pop-

ular. Most adult vapers in Great Britain use e-cigarettes that contain

nicotine but different subgroups use different nicotine strengths with

the strength tending to be higher among those who mainly use dis-

posable devices, those aged 16 to 24 years and lower among long-

term ex-smokers. In applying higher rates of tax to higher-strength

nicotine e-liquids, the proposed Vaping Products Duty may be effec-

tive in reducing progression from experimentation to regular use and

dependence among young adults (and potentially youth, who were

not assessed here), including those who have never smoked. There

may, however, be implications arising from the proposed duty for

smokers trying to quit by vaping, which need taking into account

before finalising the tax structure. Monitoring the outcomes and any

unintended consequences from the policy will be important.
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