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Abstract

Introduction: Psychometrically sound measures of e-cigarette dependence are lacking.
Methods: We modified the PROMIS Item Bank v1.0—Smoking: Nicotine Dependence for All Smokers 
for use with e-cigarettes and evaluated the psychometrics of the 22-, 8-, and 4-item adapted ver-
sions, referred to as The E-cigarette dependence scale (EDS). Adults (1009) who reported using 
e-cigarettes at least weekly completed an anonymous survey in summer 2016 (50.2% male, 77.1% 
White, mean age 35.81 [10.71], 66.4% daily e-cigarette users, 72.6% current cigarette smokers). 
Psychometric analyses included confirmatory factor analysis, internal consistency, measurement 
invariance, examination of mean-level differences, convergent validity, and test-criterion relation-
ships with e-cigarette use outcomes.
Results: All EDS versions had confirmable, internally consistent latent structures that were scalar 
invariant by sex, race, e-cigarette use (nondaily/daily), e-liquid nicotine content (no/yes), and cur-
rent cigarette smoking status (no/yes). Daily e-cigarette users, nicotine e-liquid users, and cigarette 
smokers reported being more dependent on e-cigarettes than their counterparts. All EDS versions 
correlated strongly with one another, evidenced convergent validity with the Penn State E-cigarette 
Dependence Index and time to first e-cigarette use in the morning, and evidenced test-criterion 
relationships with vaping frequency, e-liquid nicotine concentration, and e-cigarette quit attempts. 
Similar results were observed when analyses were conducted within subsamples of exclusive 
e-cigarette users and duals-users of cigarettes and e-cigarettes.
Conclusions: Each EDS version evidenced strong psychometric properties for assessing e-cigarette 
dependence in adults who either use e-cigarette exclusively or who are dual-users of cigarettes 
and e-cigarettes. However, results indicated little benefit of the longer versions over the 4-item 
EDS, which provides an efficient assessment of e-cigarette dependence.
Implications: The availability of the novel, psychometrically sound EDS can further research on 
a wide range of questions related to e-cigarette use and dependence. In addition, the overlap 
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between the EDS and the original PROMIS that was developed for assessing nicotine dependence 
to cigarettes provides consistency within the field.

Introduction

The landscape of tobacco products is evolving, with the introduction 
and escalation of electronic cigarette use being one of the most not-
able examples.1,2 While combustible cigarettes remain the most com-
monly used tobacco product among American adults, 3.3% of all 
adults use e-cigarettes, with higher prevalence rates observed among 
young adults (18–24 years; 5.5%).3

With the exception of nicotine-free e-cigarette liquid, e-cigarette 
use can result in peak nicotine levels similar to combustible ciga-
rettes and, therefore, could produce nicotine dependence over time.4 
Ultimately, many factors likely influence e-cigarette nicotine depend-
ence including policies that promote or limit e-cigarette availability, 
device characteristics influencing nicotine delivery, e-liquid nicotine 
concentration, and individual differences in dependence risk factors. 
The development of a psychometrically sound measure of depend-
ence to e-cigarettes would facilitate efforts to understand how these 
factors contribute to dependence.

To date, several e-cigarette dependence measures have been 
developed by modifying extant nicotine/cigarette dependence 
items or measures.5–7 For example, the Penn State E-cigarette 
Dependence Index (PSECDI)7 comprises ten modified items that 
were selected based on their predictive utility in studies of smok-
ers.8–13 Furthermore, national data from the PATH study recently 
were used to develop and validate a measure of tobacco depend-
ence from an initial list of 24 items that were adapted from 4 cigar-
ette dependence measures. A strength, the final 16-item dependence 
index was shown to be comparable across several different prod-
ucts including e-cigarettes (eg, cigarettes, e-cigarettes, cigars, 
hookah, and smokeless tobacco) in a sample of current product 
users.6 Although these adaptions of existing measures of cigar-
ette dependence to assess e-cigarette dependence have utility, each 
has some limitations. For example, the psychometric properties of 
the PSECDI have not been established, and the measure includes 
items adapted from original cigarette dependence measures with 
questionable psychometrics (eg, the Fagerstrom Test for Nicotine 
Dependence8). Although the PATH measure produced important 
findings about dependence across different tobacco products in a 
sample of current tobacco product users, its individual items have 
limitations for assessing dependence. For example, several items 
previously have been shown to reflect constructs that are related 
to, yet distinct from, nicotine dependence raising concerns that the 
measure may reflect a construct that is broader than dependence 
(ie, “Using [product] would really help me feel better if I’ve been 
feeling down” has been shown to reflect coping expectancies for 
cigarette smoking, whereas “Using [product] helps me think bet-
ter” has been shown to reflect emotional and sensory expectan-
cies or cognitive enhancement related to cigarette smoking).14 Also, 
the time frame for rating the items is inconsistent; some items ask 
about experiences during the past 12 months while others have a 
more present focus (eg, “In the past 12 months, did you find it dif-
ficult to keep from using (product) in places where it was prohib-
ited” vs. “I frequently crave (product)”). Finally, while most items 
refer to using a specific product, one item broadly refers to tobacco 
use, which may be confusing for users of products like e-cigarettes 
(ie, “Tobacco products control me”).

In our effort to develop a psychometrically sound measure of 
e-cigarette dependence, we focused our attention on the PROMIS 
Item Bank v1.0—Smoking: Nicotine Dependence for All Smokers,14–16 
which was developed through an exceptionally comprehensive and 
systematic process that was completed after the PATH study was 
launched in 2013. The development of the PROMIS included a 
qualitative phase (ie, comprehensive review of the literature from 
1970–2010 to identify items, measures, and scales to be included in 
the initial pool of 1334 items; binning and winnowing these items by 
researchers, focus groups and cognitive interviews) and quantitative 
analyses (eg, exploratory/confirmatory factor analysis, internal con-
sistency, differential item functioning) in large, national samples.14–16 
The total item bank comprises 22 items that are relevant for both 
daily and nondaily smokers. Two psychometrically sound short 
forms (8 and 4 items)—the PROMIS Short Form v1.0—Smoking 
Nicotine Dependence for All Smokers 8a and the PROMIS Short 
Form v1.0—Smoking Nicotine Dependence for All Smokers 4a—
also were identified.14–16

In the current study, we examined whether the 22-item PROMIS, 
as well as the 8- and 4-item banks, could be adapted to assess e-cig-
arette dependence. Although several characteristics of e-cigarettes 
and their use differ from cigarette smoking, nicotine plays a central 
role in the development of dependence to all tobacco products that 
contain it. Consequently, we hypothesized that the three E-cigarette 
dependence scale (EDS) versions (22-item, 8-item, 4-item), like the 
original PROMIS nicotine dependence items, would represent psy-
chometrically sound measures of dependence on e-cigarettes. We 
anticipated that each would evidence a confirmable, single-factor 
latent structure, internal consistency, and scalar measurement in-
variance for subgroups of interest (eg, sex, smoking status). Based 
on prior research,14,16 we anticipated that the EDS versions would 
evidence convergent validity with existing indices of e-cigarette de-
pendence and modest to moderate test-criterion relationships with 
e-cigarette use outcomes.

Methods

Participants
Adults (1009) who self-reported currently using e-cigarettes at least 
weekly completed an anonymous, 25-min, online survey (50.2% 
male, 77.1% White, mean age 35.81 [10.71] years, 66.4% daily 
e-cigarette users, 72.6% smokers [22.7% occasional smokers; 
49.9% daily smokers]).

Procedures
The current study was approved by the Yale School of Medicine 
Institutional Review Board. Participants were recruited online via 
Qualtrics Online Sample, a secure market research service offered 
through Qualtrics, Inc. Individuals first volunteer to be market re-
search “panelists” via the Qualtrics website and complete a “pro-
filing survey” that assesses various demographic characteristics. 
Qualtrics utilizes profiling survey data to send targeted recruitment 
emails to panelists who are most likely to be eligible for a study. 
Interested panelists were directed to our study eligibility questions 
(see Measures) via an embedded email link. Eligible participants 
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completed an online consent form informing them of the voluntary 
and anonymous nature of the survey. Qualtrics compensated partici-
pants directly (up to $5).

Measures
Participants filled out the screener questions first, followed by 
demographics and basic e-cigarette and cigarette use questions. 
Participants completed the remaining questionnaires (including 
the EDS) in a randomly presented order to balance participant 
fatigue.

Screening Questions
Participants completed two screening questions to determine study 
eligibility (ie, past-week e-cigarette use; sex [to ensure equal par-
ticipation by men and women]) and four filler questions that were 
designed to obscure the survey goals (ie, related to sleeping, eating 
vegetables, drinking alcohol, and smoking cigarettes). Eligible par-
ticipants endorsed using an e-cigarette at least once in the past week 
on the screener and provided a consistent response on a subsequent 
question assessing the number of days of e-cigarette use in the past 
month (ie, at least 4).

Demographic Information
Participants reported their age, biological sex, and race.

E-cigarette Use
Participants reported how frequently they used e-cigarettes in the 
past month (0–30 days) and how many minutes per day they typ-
ically use their e-cigarette (0, 1–10, 11–20, 21–30, 31–40, 41–50, 
51–60, 61–90, 91–119, and ≥120 min).

E-liquid Nicotine Content and Concentration
Participants reported whether they typically use nicotine e-liquid 
(no/yes). Participants who endorsed using e-liquid containing nico-
tine then reported on the nicotine concentration they typically use (0, 
3, 6, 12, 18, 24, ≥30 mg, or I do not know).

Number of E-cigarette Quit Attempts
Participants reported how many times they had stopped vaping 
at least 1 day because they were trying to quit (0, 1, 2–3, 4–5, 
6–9, ≥10).

Cigarette Smoking Behavior
Participants reported on their current cigarette smoking status (“I 
have never been a cigarette smoker; I am a former smoker, mean-
ing that I used to smoke cigarettes, but I successfully quit; I smoke 
cigarettes occasionally, meaning at least once a month; and I smoke 
cigarettes daily”). For the measurement invariance analyses (see 
Data Analytic Plan), occasional and daily smokers were categorized 
as “current smokers.”

The E-cigarette Dependence Scale
Participants completed the 22 PROMIS nicotine dependence 
items.14–16 We retained the original instructions (“Please respond 
to each question or statement by marking one box per row.”) and 
5-point rating scale (0 = never, 1 = rarely, 2 = sometimes, 3 = often, 
4 = almost always). However, we modified each item to reflect e-ciga-
rette use (i.e., the word “cigarette” was changed to “e-cigarette;” the 
words “smoking/smoke” were changed to “vaping/vape”). For the 

question, “I drop everything to go out and buy cigarettes,” “e-ciga-
rettes or e-juice” was substituted for “cigarettes.”

For comparison, participants completed the Penn State 
E-Cigarette Dependence Index (PSECDI),7 which comprises ten 
items that were adapted from cigarette dependence measures. Items 
cover frequency of use; time to first e-cigarette use of the day; wak-
ing at night to use; perceived difficulty quitting; and cravings, urges, 
and withdrawal symptoms. In a sample of exclusive e-cigarette users 
(n = 3609), PSECDI scores were related to e-cigarette characteristics 
known to determine nicotine delivery (ie, nicotine concentration, 
large battery, manual button).7

Time to First E-cigarette Use17

Participants reported on how long they typically wait after waking 
up to use their e-cigarette (i.e., “On days that you can use your elec-
tronic cigarette freely, how soon after you wake up do you use your 
e-cigarette for the first time?” Response options: 0–5, 6–15, 16–30, 
31–60, 61–120, >120 min).

Data Analytic Plan
Descriptive Statistics
We ran descriptive statistics on all study variables to examine sample 
cell sizes (categorical data) and distributions (continuous data).

Confirmatory Factor Analysis
The E-cigarette Dependence Scale
We employed confirmatory factor analysis (CFA) to evaluate 
whether the 22-item, 8-item and 4-item EDS versions fit our data. 
Robust maximum-likelihood estimation was specified and full-infor-
mation maximum-likelihood was employed to handle missing data. 
Bentler’s Comparative Fit Index (CFI) ≥  .90,18 Root Mean Square 
Error of Approximation (RMSEA) < .08,19 and Standardized Root 
Mean Square Residual (SRMR) < .0820 indicated acceptable model 
fit. Given that the chi-square statistic would be significant solely 
based on the large sample size, we excluded it as a fit index.21

Internal Consistency of the E-cigarette Dependence Scale
Cronbach’s alpha was calculated for each EDS version.

Correlations between the E-cigarette Dependence Scale versions
Bivariate correlations were used to determine the shared variance 
among the EDS versions.

Measurement Invariance (MI) of the E-cigarette Dependence 
Scale
Using Mplus 7.0, we ran multigroup CFA models to evaluate 
whether the latent structures of the 22-item, 8-item, and/or 4-item 
EDS fit the data within the following groups: sex (female/male), race 
(nonWhite/White), e-liquid nicotine content (no/yes), e-cigarette use 
status (nondaily/daily), and current cigarette smoking status (non-
smokers/current smokers). Three levels of MI were evaluated: con-
figural (ie, invariance of the number of latent factors and items per 
factor), metric (ie, invariance of the item factor loadings), and scalar 
(ie, invariance of the item factor loadings and intercepts). Configural 
invariance was established if the model fit the data as outlined above 
(ie, CFI > .90, RMSEA and SRMR < .08). If the model evaluating 
metric invariance did not produce a decrement in fit from the con-
figurally invariant model exceeding CFI ≥  .01, RMSEA ≥  .015, or 
SRMR  ≥  .030, metric invariance was established.21 If the model 
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evaluating scalar invariance did not produce a decrement in fit from 
the model establishing metric invariance exceeding CFI  ≥  .010, 
accompanied by either a change in RMSEA ≥ .015 or a change in 
SRMR  ≥  .010, scalar invariance was established.21 Of central im-
portance, scalar invariance is required for mean-level comparisons 
of a construct across groups to be interpretable.

Group-Level Differences in E-cigarette Dependence Scale scores
For each group for which scalar MI was established, independent 
samples t-tests were run to examine the sensitivity of the EDS ver-
sions in assessing mean-level differences in e-cigarette dependence.

Test-Criterions Relationships Between the E-cigarette 
Dependence Scale and the PSECDI
Given that measures of e-cigarette dependence should share vari-
ance with one another, we examined bivariate correlations between 
the EDS versions and the PSECDI (despite the fact that the psycho-
metric properties of the PSECDI are not well established). As add-
itional evidence of convergent validity, we ran bivariate correlations 
between the EDS versions and a single item reflecting time to first 
e-cigarette use in the morning, which has been shown to be an index 
of dependence.17

Test-Criterions Relationships Between the E-cigarette 
Dependence Scale and Vaping Outcomes
To provide evidence of concurrent validity, we first ran simple bi-
variate correlations between the EDS versions and the following 
outcomes of interest: vaping frequency (days per month and minutes 
per day), e-liquid nicotine concentration, and number of e-cigarette 
quit attempts.

We then ran univariate general linear models (GLMs) in which 
e-cigarette dependence was examined as a “predictor” of vaping fre-
quency and e-cigarette quit attempts after accounting for sex, age, 
race, e-liquid nicotine content, and smoking status. Univariate GLM 
was used because it provides effect sizes for each independent vari-
able in the model. The binary variable for e-liquid nicotine content 
was included in the GLM model instead of e-liquid nicotine concen-
tration to maximize statistical power; e-liquid nicotine content had 
no missing cases whereas 105 adults reported not knowing what 
nicotine concentration they use.

As evidence of incremental validity, the same GLM models were 
run with the PSECDI included as an additional covariate. The first 
PSECDI item assesses e-cigarette use frequency, so it was omitted 
from the total scale score when the PSECDI was included in models 
predicting e-cigarette use frequency. The full measure (i.e., 10-item) 
and the measure in which the first item was deleted were included as 
covariates in the models predicting quit attempts. We also examined 
the incremental validity of the 22-item EDS over the 4- and 8-item 
EDS versions as well as the 8-item EDS over the 4-item EDS to de-
termine which version(s) evidenced the greatest utility.

Psychometrics of the E-cigarette Dependence Scale 
in Exclusive E-cigarette Users and in Dual-Users of 
Cigarettes and E-cigarettes
All analyses first were run within the full sample, as it represented 
the full range of e-cigarette use (ie, both exclusive e-cigarette users 
and dual-users of cigarettes and e-cigarettes). Assuming the estab-
lishment of scalar measurement invariance by smoking status, we 
planned to examine the psychometric properties of the EDS versions 

with the subsamples of exclusive e-cigarette users and dual-users. We 

evaluated evidence for internal consistency and test-criterion validity 

for exclusive e-cigarette users to ensure that e-cigarette dependence 

within the total sample was not driven solely by tobacco cigarette de-

pendence. Conversely, we repeated these psychometric analyses for 

dual-users to ensure that significant findings within the total sample 

were not driven by the experiences of exclusive e-cigarette users.

Results

Descriptive Statistics
For categorical variables, each cell contained a sufficient number of 

cases. For continuous variables, the data approximated normality.

Confirmatory Factor Analysis: The E-cigarette 
Dependence Scale
The single-factor, 22-item, 8-item, and 4-item EDS versions fit the 

data (22-item version: RMSEA = 0.071, CFI = 0.935, SRMR = 0.035; 

8-item version: RMSEA  =  0.078, CFI  =  0.971, SRMR  =  0.026; 

4-item version: RMSEA = 0.044, CFI = 0.997, SRMR = 0.010). See 

Table 1 for items and factor loadings.

Internal Consistency of the E-cigarette Dependence 
Scale
Each EDS version evidenced excellent internal consistency (22-item 

version: α = 0.98; 8-item version: α = 0.93; 4-item version: α = 0.86).

Correlations between the E-cigarette Dependence 
Scale Versions
Correlations among the EDS versions indicated that each shared 

significant variance with one another in accounting for e-ciga-

rette dependence (r [22-item with 8-item] = 0.98; r [22-item with 

4-item] = 0.94; r [8-item with 4-item] = 0.97).

Measurement Invariance (MI) of the E-cigarette 
Dependence Scale
Scalar invariance was established for sex, race, e-cigarette use status, 

nicotine e-liquid status, and cigarette smoking status (Supplementary 

Table  1). Thus, mean-level differences in e-cigarette dependence 

within these groups could be interpreted meaningfully.

Group-Level Differences in E-cigarette Dependence 
Scale Scores
Independent samples t-tests indicated no statistically significant dif-

ferences in e-cigarette dependence based on sex or race. However, 

daily e-cigarette use, nicotine e-liquid use, and cigarette smok-

ing were associated with greater e-cigarette dependence (p  <  .01; 

Supplementary Table 2).

Test-Criterions Relationships Between the E-cigarette 
Dependence Scale and the PSECDI
Bivariate correlations between the EDS versions, the PSECDI (10-

item and 9-item), and time to first e-cigarette use provided evidence 

of convergent validity (Table 2).
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Test-Criterions Relationships Between the E-cigarette 
Dependence Scale and Vaping Outcomes
Bivariate correlations provided evidence of concurrent relationships 
between the EDS versions and vaping frequency, e-liquid nicotine 
concentration, and e-cigarette quit attempts (Table 2).

Univariate GLM provided evidence of the concurrent validity 
of the EDS versions after accounting for demographic covariates 
(Table  3). Each version accounted for significant variance in fre-
quency of past 30-day e-cigarette use (22-item: ηp

2 = 0.06, 8-item: 
ηp

2 = 0.04; 4-item: ηp
2 = 0.05, p < .001), total number of minutes spent 

using an e-cigarette per day (22-item: ηp
2 = 0.03, 8-item: ηp

2 = 0.03; 

4-item: ηp
2 = 0.02, p < .001), and number of e-cigarette quit attempts 

(22-item: ηp
2 = 0.04, 8-item: ηp

2 = 0.05; 4-item: ηp
2 = 0.04, p < .001). 

As an aside, current smokers and nicotine e-liquid users were more 
likely to report increased vaping frequency. Males, smokers, and 
nicotine e-liquid users were more likely to report more e-cigarette 
quit attempts.

The EDS versions evidenced incremental validity above and be-
yond the PSECDI when predicting frequency of past 30-day e-ciga-
rette use (22-item: ηp

2 = 0.02, 8-item: ηp
2 = 0.01; 4-item: ηp

2 = 0.01, 
p < .01) and number of minutes spent using an e-cigarette per day 
(22-item: ηp

2 = 0.01, 4-item: ηp
2 = 0.01, p < .05) with the exception 

of the 8-item version predicting minutes of e-cigarette use per day 
(Table 4). Of note, the PSECDI was not associated significantly with 
either outcome assessing e-cigarette use frequency. When accounting 
for quit attempts, the EDS versions evidenced incremental validity 
above the 9-item PSECDI only.

Comparisons of the incremental utility of using longer versus 
shorter versions of the EDS (Supplementary Table 3) found that the 
8-item version added only modest variance to the 4-item version when 
predicting vaping frequency conceptualized in minutes per day. The 
22-item version added only modest variance in predicting number of 
days of e-cigarette use in the past month and minutes spent vaping 
per day above and beyond the 4-item and 8-item versions).

Psychometrics of the E-cigarette Dependence Scale 
in Exclusive E-cigarette Users and Dual-Users of 
Cigarettes and E-cigarettes
Scalar invariance was established for smoking status, indicating that 
the latent structures of the EDS versions fit the data and that scores 
were comparable for exclusive e-cigarette users and dual-users. As 
such, the psychometric properties of the EDS could be examined 
within the subsamples of exclusive e-cigarettes users and dual-users. 
Findings generally mirrored those observed within the total sample.

The EDS evidenced excellent internal consistency in both 
samples (Exclusive E-cigarette Users/Dual-Users: 22-item ver-
sion: α = 0.97/0.98; 8-item version: α = 0.91/0.94; 4-item version: 
α = 0.81/0.88). Further, EDS versions were strongly correlated with 
one another (Exclusive E-cigarette Users/Dual-Users: r [22-item with 
8-item] = 0.98/0.98, r [22-item with 4-item] = 0.94/0.94, r [8-item 
with 4-item] = 0.96/0.97).

Within the sample of exclusive e-cigarette users, daily e-cigarette 
users and nicotine e-liquid users reported higher levels of e-cigarette 
dependence than their counterparts. Among dual-users, only daily 
e-cigarette users reported stronger e-cigarette dependence relative to 
nondaily users (Supplementary Table 4). Within both subsamples, bi-
variate correlations between the EDS versions, the PSECDI, time to 
first e-cigarette use, and e-cigarette use outcomes provided evidence 
of convergent and concurrent validity, except for a nonsignificant 
relationship between the 8-item EDS and time spent vaping per day 
in dual-users. However, the magnitudes of the correlations between 
the EDS versions, time spent vaping each day, and nicotine concen-
tration were significantly smaller for dual-users relative to exclusive 
e-cigarette users (Supplementary Table 5). Finally, GLM models indi-
cated that each EDS version accounted for significant variance in 
each e-cigarette outcome above and beyond demographic covariates 
(Supplementary Table 6) and accounted for significant variance in 
the past 30-day e-cigarette use and the number of e-cigarette quit 
attempts above and beyond the PSECDI (Supplementary Table 7).

Table 1. EDS Items and Associated Factor Loadings

EDS Version

Items 22-Item 8-Item 4-Item

I find myself reaching for my e-cigarette 
without thinking about it.

0.75 0.77 0.76

I drop everything to go out and buy 
e-cigarettes or e-juice.

0.73 0.73 0.77

I vape more before going into a 
situation where vaping is not 
allowed.

0.73 0.74 0.71

When I haven’t been able to vape 
for a few hours, the craving gets 
intolerable.

0.88 0.88 0.89

When I’m really craving an e-cigarette, 
it feels like I’m in the grip of some 
unknown force that I cannot 
control.

0.77 0.76

I crave vaping at certain times of day. 0.76 0.77
My urges to vape keep getting stronger 

if I don’t vape.
0.90 0.90

After not vaping for a while, I need to 
vape in order to avoid feeling any 
discomfort.

0.88 0.87

My desire to vape seems overpowering. 0.83
Cravings for an e-cigarette make it 

difficult for me to quit.
0.87

It is hard to ignore urges to vape. 0.91
When I go without vaping for a few 

hours, I experience craving.
0.88

I frequently crave e-cigarettes/vaping. 0.87
The idea of not vaping causes me 

stress.
0.84

When I run out of e-cigarettes or 
e-juice, I find it almost unbearable.

0.84

I get a real gnawing hunger for an 
e-cigarette when l haven’t vaped in 
a while.

0.87

I vape even when I am so ill that I am 
in bed most of the day.

0.63

When I go too long without vaping 
I feel impatient.

0.87

It is hard for me to go without vaping 
for a whole day.

0.77

When I go too long without vaping, 
I get strong urges that are hard to 
get rid of.

0.89

Vaping is a large part of my daily life. 0.61
I am tempted to vape when I realize 

I haven’t vaped for a while.
0.83
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Discussion

The current study provides novel psychometric evidence that the EDS, a 
modified version of the PROMIS measure of nicotine dependence, which 
originally was developed to assess cigarette dependence, can be used to 
assess e-cigarette dependence. Mirroring the original PROMIS, single 
factor latent structures were confirmed for the 22-item, 8-item, and 4-item 
EDS measures, each version evidenced excellent internal consistency, and 
each version was scalar measurement invariant by sex, race, daily e-cig-
arette use status, nicotine e-liquid content, and cigarette smoking status.

Consistent with research on the original PROMIS, strong 
correlations were observed among the EDS versions (Range of 
correlations PROMIS [0.90–0.96]; EDS [0.89–0.98]).15

When group-level differences were examined, no significant dif-
ferences in e-cigarette dependence were noted by sex or race within 
the total sample or the subsamples of exclusive e-cigarette users or 
dual-users. Within the total sample, daily e-cigarette users, nicotine 
e-liquid users, and current smokers reported stronger e-cigarette de-
pendence, indicating the sensitivity of the measures to detect group-
level differences. Within the subsamples of exclusive e-cigarette users 
and dual-users, daily e-cigarette users also reported stronger depend-
ence than nondaily users. Of note, while exclusive e-cigarette users 
who used nicotine e-liquid reported higher levels of e-cigarette de-
pendence than those who did not use nicotine e-liquid, no significant 
difference in e-cigarette dependence was observed based on nicotine 
e-liquid content for dual-users. For exclusive e-cigarette users who 

Table 3. Univariate General Linear Models Providing Evidence of the Concurrent Validity of the EDS

Vaping frequency (past 30 days)

EDS (22-Item) EDS (8-Item) EDS (4-Item)

F (6, 985) ηp
2 F (6, 985) ηp

2 F (6, 985) ηp
2

Adj R2 = .08 Adj R2 = .07 Adj R2 = .07

Sex 3.58 0.00 3.31 0.00 3.45 0.00
Race 0.22 0.00 0.22 0.00 0.23 0.00
Age 3.99 0.00 4.21 0.00 4.67 0.01
Smoking status 20.84 0.02*** 20.12 0.02*** 20.48 0.02***
Nicotine content 9.45 0.01** 10.36 0.01** 9.81 0.01**
EDS 60.79 0.06*** 43.31 0.04*** 48.28 0.05***

Vaping frequency (minutes per day)

Adj R2 = .06 Adj R2 = .05 Adj R2 = .06

Sex 0.05 0.00 0.08 0.00 0.53 0.00
Race 2.36 0.00 2.29 0.00 2.42 0.00
Age 0.47 0.00 0.53 0.00 0.64 0.00
Smoking status 26.95 0.03*** 26.28 0.03*** 27.00 0.03***
Nicotine content 16.17 0.02*** 17.11 0.02*** 16.26 0.02***
EDS 24.11 0.03*** 15.62 0.03*** 21.79 0.02***

E-cigarette quit attempts

Adj R2 = .09 Adj R2 = .10 Adj R2 = .10

Sex 10.46 0.01** 10.70 0.01** 10.78 0.01**
Race 2.10 0.00 1.82 0.00 1.88 0.00
Age 1.05 0.00 1.15 0.00 1.38 0.00
Smoking status 43.32 0.04*** 42.57 0.04*** 42.56 0.04***
Nicotine content 1.83 0.00 1.94 0.00 2.05 0.00
EDS 38.62 0.04*** 46.64 0.05*** 45.52 0.04***

**p < .01; ***p < .001.

Table 2. Bivariate Correlations Providing Evidence of the Convergent and Concurrent Validity of the EDS

Penn State 
(10-Item)

Penn State 
(9-Item)

Vaping Frequency  
(Past 30 days)

Vaping Frequency 
(Minutes per Day) Nicotine Concentration Quit Attempts

EDS (22-Item) .70*** .78*** .24*** .15*** .28*** .20***
EDS (8-Item) .66*** .75*** .20*** .12*** .27*** .22***
EDS (4-Item) .66*** .74*** .21*** .14*** .28*** .22***

N = 1009 for all outcomes except for the E-liquid Nicotine Concentration (n = 904);
*** p < .001
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did not use nicotine e-liquid, mean dependence scores were very low, 
but not 0 (n = 43, EDS-22 [M = 0.70(0.82)]; EDS-8 [M = 0.65(0.83)]; 
EDS-4 [M = 0.60(0.83)]), suggesting that the scale may also capture 
behavioral aspects of dependence.

The three EDS versions also evidenced convergent validity with 
the PSECDI and time to first e-cigarette use in the total sample 
and within the subsamples of exclusive e-cigarette users and dual-
users. Correlations of similar magnitude were observed between the 

original PROMIS and extant measures of cigarette dependence (eg, 
the original PROMIS-22 and the Wisconsin Inventory of Smoking 
Dependence Motives, r = 0.76;16 the EDS versions and the PSEDI 
range r = 0.66 to 0.69) as well as with time to first cigarette in the 
morning (the original PROMIS range r = −0.32 to −0.51;15,16 the EDS 
versions range r = −0.40 to −0.49).

Concurrent, bivariate relationships also were observed with the 
number of e-cigarette quit attempts and with vaping frequency in the 

Table 4.  Univariate General Linear Models Providing Evidence of the Incremental Validity of the EDS 

Vaping Frequency (Past 30 days)

EDS (22-Item) EDS (8-Item) EDS (4-Item)

F (7, 984) ηp
2 F (7, 984) ηp

2 F (7, 984) ηp
2

Adj R2 = .08 Adj R2 = .07 Adj R2 = .08

Sex 3.57 0.00 3.33 0.00 3.46 0.00
Race 0.22 0.00 0.19 0.00 0.21 0.00
Age 4.00 0.00 4.32 0.00 4.64 0.01***
Smoking Status 20.79 0.02*** 21.31 0.02*** 21.51 0.02***
Nicotine Content 9.41 0.01*** 9.88 0.01*** 9.45 0.01***
Penn State 0.02 0.00 3.49 0.00 2.77 0.00
EDS 20.37 0.02*** 7.06 0.01*** 11.12 0.01**

Vaping Frequency (Minutes per Day)

Adj R2 = .06 Adj R2 = .05 Adj R2 = .06

Sex 0.05 0.00 0.07 0.00 0.53 0.00
Race 2.34 0.00 2.18 0.00 2.37 0.00
Age 0.48 0.00 0.57 0.00 0.63 0.00
Smoking Status 27.11 0.03*** 27.54 0.03*** 27.65 0.03***
Nicotine Content 16.03 0.02*** 16.53 0.02*** 15.94 0.02***
Penn State 0.18 0.00 3.12 0.00 1.10 0.00
EDS 6.63 0.01** 1.19 0.00 5.24 0.01*

E-cigarette Quit Attempts

Adj R2 = .11 Adj R2 = .11 Adj R2 = .11

Sex 10.63 0.01** 10.87 0.01** 10.95 0.01**
Race 2.28 0.00 2.50 0.00 2.05 0.00
Age 1.29 0.00 1.26 0.00 1.35 0.00
Smoking Status 39.31 0.04*** 39.53 0.04*** 39.45 0.04***
Nicotine Content 2.24 0.00 2.38 0.00 2.47 0.00
Penn State 17.85 0.02*** 12.37 0.01*** 13.89 0.01***
EDS 0.11 0.00 2.39 0.00 2.81 0.00

E-cigarette Quit Attempts

Adj R2 = .10 Adj R2 = .10 Adj R2 = .10

Sex 10.20 0.01** 10.52 0.01** 10.57 0.01**
Race 2.69 0.00 2.27 0.00 2.35 0.00
Age 1.05 0.00 1.10 0.00 1.25 0.00
Smoking Status 41.43 0.04*** 41.20 0.04*** 41.10 0.04***
Nicotine Content 2.70 0.00 2.66 0.00 2.81 0.00
Penn State (9-item) 6.50 0.01* 4.12 0.01* 4.90 0.01*
EDS 3.86 0.01* 9.20 0.01** 8.90 0.01**

Note. * p < .05 ** p < .01 *** p < .001 
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total sample and within the subsamples of exclusive e-cigarette users 
and dual-users. While correlations were modest, their magnitudes        
generally were in line with those observed in prior studies examin-
ing relationships between the original PROMIS and cigarette smoking 
behavior.14–16 However, it is worth noting that the correlations be-
tween e-cigarette dependence and both time spent vaping per day and 
e-liquid nicotine concentration were significantly larger for exclusive 
e-cigarette users relative to dual-users. These findings likely are linked 
to the fact that exclusive e-cigarette users are using only one product. 
As such, the amount of time they spend vaping each day and the con-
centration of nicotine they use are likely to be more strongly linked 
to dependence on the sole product that they use. Conversely, dual-
users necessarily also smoke cigarettes and, therefore, are exposed to 
nicotine via smoking, which could attenuate the relationship between 
e-cigarettes and e-cigarette dependence. Future research is needed to 
directly compare dual-users’ cigarette and e-cigarette dependence and 
to evaluate the extent to which cigarette dependence contributes to 
ratings of e-cigarette dependence and visa-versa.

In cross-sectional “prediction” models, each EDS version was 
associated significantly with each e-cigarette use outcome after 
accounting for demographic covariates within the total sample and 
among the subsamples of exclusive e-cigarette users and dual-users. 
Finally, within the total sample, each version of the EDS evidenced 
incremental validity over the PSECDI when accounting for vaping 
frequency but not when accounting for the number of e-cigarette quit 
attempts (unless the first item assessing e-cigarette use frequency was 
omitted from the PSECDI). The same pattern was observed among 
the subsamples of exclusive e-cigarette users and dual-users with one 
exception; the EDS versions only predicted time spent vaping per 
day above and beyond the PSECDI for exclusive e-cigarette users.

Although each version of the EDS evidenced solid psychometric 
properties, the results suggested that there is little to no benefit of 
using the 22-item version over the much shorter 4-item version for 
assessing e-cigarette dependence. Analyses that examined the incre-
mental utility of including the additional items found that the 4-item 
and 22-item versions accounted for similar variance in the outcomes 
assessed. Thus, researchers should consider using the shortest ver-
sion given that it performs similarly to the 22-item version while 
reducing participant burden.

The study findings should be considered in light of several limi-
tations. Data were collected online and were self-report. Although, 
data were limited by participants’ ability and willingness to pro-
vide accurate responses, these concerns are mitigated by the ano-
nymity of the survey and the lack of evidence that any participant 
provided random responses. Given the online nature of the study, 
it also was not possible to assess biomarkers of e-cigarette or cig-
arette use. Future research is needed to examine how biochemical 
indices of exposure relate to self-reported dependence and to other 
relevant constructs like use frequency and time to first use of each 
product. In addition, while using research market panel members 
may limit generalizability, market research panel members likely 
were motivated to provide high quality data because their reputa-
tions as panel members and continued inclusion in panels often 
depends on good performance. Our sample also was limited to 
American adults. Future research is needed to investigate the 
strengths and limitations of the EDS for use with individuals of 
other ages and nationalities. Regarding construct validity, the ori-
ginal version of the PROMIS was developed using Item Response 
Theory while we used a Classical Test Theory approach to val-
idate the items for use with e-cigarettes. While the differences in 

approach may be viewed as a limitation by some, we view the 
fact that the psychometric properties were equally strong when a 
different statistical approach was employed as a strength that bol-
sters our confidence in the EDS.22 Further, the measure of cigarette 
smoking used in the current study was crude and the sample of 
current smokers comprised occasional smokers and daily smokers. 
Although this approach is consistent with past research,23 future 
research that uses more refined smoking measures is needed to 
evaluate how e-cigarette dependence is impacted by the quantity 
and frequency of cigarette smoking. Related, while we assessed 
e-cigarette dependence in exclusive e-cigarette users and in dual-
users of cigarettes and e-cigarettes, we did not assess cigarette 
dependence in dual-users. As such, it was not possible to assess po-
tential interacting effects of cigarette and e-cigarette dependence 
among dual-users within the current study. As suggested by Strong 
and colleagues,6 the best way to capture nicotine dependence 
across multiple products remains to be determined, and additional 
research is needed to determine how individuals make attributions 
to being dependent on one product over another. Finally, the EDS 
versions were derived from an existing, psychometrically sound 
measure of cigarette dependence. However, e-cigarette dependence 
may have some unique characteristics that distinguish it from cig-
arette dependence and, therefore, were not assessed in the cur-
rent study. The Tobacco Center for Regulatory Science (TCORS) 
Measurement Workgroup identified ten potential domains that 
may be of relevance to e-cigarette dependence.24 The first domain, 
quantity and frequency of use, could be assessed as a separate 
but related measure. The remaining domains include: tolerance; 
perceived benefits; withdrawal symptoms; craving; use despite 
harm; impaired control; automaticity; preference over compet-
ing rewards; and sensory dependence. The 22-item version of the 
EDS assesses each of these domains with the exceptions of toler-
ance, perceived benefits, and sensory dependence. However, our 
study suggests the core construct of e-cigarette dependence can be 
evaluated with only a subset of these domains (eg, automaticity, 
craving). Also, the original PROMIS includes a separate item bank 
for emotional and sensory expectations,25 suggesting that these are 
unique aspects of smoking that do not directly overlap with de-
pendence. As such, these additional item banks could provide a 
starting point for the development of perceived e-cigarette benefits 
and sensory dependence measures. Future research is needed to 
determine whether these domains (or others) are important deter-
minants of e-cigarette use and/or dependence.

Despite the study limitations, the EDS proved to be psychomet-
rically sound for assessing e-cigarette dependence in adult e-cigarette 
users. Adapted from the most psychometrically sound measure of 
cigarette dependence, the brief, 4-item EDS represents an advantage 
over other longer measures of e-cigarette dependence. Like the goals 
of the PATH study,6 the merit of modifying the PROMIS items to 
assess tobacco dependence that develops or is maintained via other 
sources (eg, cigars, hookah, smokeless tobacco) should be investi-
gated. Future research also should evaluate whether the EDS has 
utility for assessing e-cigarette dependence in other samples (eg, ado-
lescents) and whether additional domains like sensory dependence 
are important to assessing e-cigarette dependence.
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