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Changes in Electronic Cigarette Use Among Adults
in the United States, 2014-2016
Electronic cigarettes (e-cigarettes) are widely marketed as a tool
for smoking cessation and a safer alternative to conventional
cigarettes. However, the efficacy of e-cigarettes for success-
ful smoking cessation is inconclusive.1,2 Previous studies have
reported a rapid increase in the prevalence of e-cigarette use
among US adults since 2010.3-5 We analyzed new national sur-
vey data to estimate the changes in e-cigarette use among US
adults in 2014-2016.

Methods | The National Health Interview Survey (NHIS) is a na-
tionally representative annual health survey of the noninsti-
tutionalized, civilian US population. NHIS collects informa-
tion about health-related topics through in-person household
interviews.4 In NHIS 2014-2016, the household response rate
ranged from 67.9% to 73.8%. The University of Iowa institu-
tional review board determined that the current study was ex-
empt given the use of deidentified data.

Since 2014, participants 18 years or older were asked about
their lifetime use of e-cigarettes:4 “Have you ever used
an e-cigarette, even 1 time?” Adults who had ever used an
e-cigarette were then asked, “Do you now use e-cigarettes ev-
ery day, some days, or not at all?” Current use of e-cigarettes
was defined as using e-cigarettes every day or some days.4 Par-
ticipants were also asked about their ever and current use of
conventional cigarettes (not including e-cigarettes).

We estimated the prevalence of ever and current e-cigarette
use in 2014, 2015, and 2016 overall and by age, sex, race/
ethnicity, income, and cigarette smoking, with survey weights
to account for unequal probability of selection and nonre-
sponse. P values for differences between years and across popu-
lation strata were calculated using the F test. Trends in preva-
lence over the 3 years were tested using a weighted logistic
regression model with survey year as a continuous variable.
All data analyses were conducted using survey procedures in
SAS (SAS Institute), version 9.4. A 2-sided P value less than .05
was considered statistically significant.

Results | This analysis included 101 175 NHIS participants 18
years or older (women, 55.1%; non-Hispanic white, 64.7% ;
non-Hispanic black, 12.4% ; Hispanic, 14.7%). The weighted
prevalence of ever use of e-cigarettes increased significantly
from 2014 to 2016 (12.6% [95% CI, 12.0%-13.2%] in 2014, 13.9%
[95% CI, 13.3%-14.5%] in 2015, and 15.3% [95% CI, 14.6%-
15.9%] in 2016; P for trend, <.001). Almost all the subgroups
evaluated showed a significant increase (Table 1).

In contrast, the weighted prevalence of current use of
e-cigarettes decreased significantly from 2014 to 2016 (3.7%
[95% CI, 3.3%-4.1%] in 2014, 3.5% [95% CI, 3.2%-3.7%] in 2015,

and 3.2% [95% CI, 2.9%-3.5%] in 2016; P for trend, .02). The
decrease was significant in subgroups including individuals 65
years or older, women, non-Hispanic white participants, low-
income participants, and current cigarette smokers. How-
ever, the prevalence increased significantly among former
smokers and never smokers (Table 1).

Discussion | In a nationally representative survey among US
adults, there was a significant increase in the prevalence of ever
use of e-cigarettes between 2014 and 2016. In contrast, the
prevalence of current e-cigarette use among US adults de-
clined significantly between 2014 and 2016. These trends may
suggest that some individuals are trying but not continuing use
of e-cigarettes, but further investigation with individual lon-
gitudinal data on use of both e-cigarettes and other nicotine
products is needed. Coincident with these findings among
adults, the National Youth Tobacco Survey reported that the
prevalence of current e-cigarette use among US middle and
high school students declined for the first time in 2016, after
a continuous increase from 2011 to 2015.6

In this study, current use of e-cigarettes declined among
current smokers but increased among former smokers. This
pattern may reflect e-cigarette use as adults are transitioning
from current to former smokers, but further investigation is
warranted. The observed increase in both ever and current
e-cigarette use among never smokers is concerning, because
these never smokers were being exposed to nicotine and other
harmful ingredients.

The main limitation of the study is the relatively short pe-
riod of observation. Continued surveillance and weighing the
long-term risks and benefits of e-cigarette use on public health
are warranted.
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Table. Prevalence of Ever Use and Current Use of e-Cigarettes Among US Adults, 2014-2016 (N = 101 175)

Characteristic

Prevalence, % (95% CI)a Changes Across Years, % (95% CI)a
P Value
for Trendb2014 2015 2016 2014 vs 2015 2015 vs 2016 2014 vs 2016

Ever Use of e-Cigarettes

e-Cigarette users/
participants, No.

4451/36 520 4316/31 724 4900/32 931

Overall 12.6 (12.0 to 13.2) 13.9 (13.3 to 14.5) 15.3 (14.6 to 15.9) 1.3 (0.5 to 2.1) 1.3 (0.5 to 2.2) 2.6 (1.8 to 3.5) <.001

Age, y

18-44 18.0 (17.0 to 19.0) 20.0 (18.9 to 21.1) 21.8 (20.7 to 22.9) 2.0 (0.6 to 3.5) 1.8 (0.3 to 3.3) 3.8 (2.3 to 5.3) <.001

45-64 10.2 (9.3 to 11.1) 11.3 (10.5 to 12.1) 12.6 (11.8 to 13.5) 1.1 (−0.1 to 2.3) 1.4 (0.2 to 2.6) 2.5 (1.2 to 3.7) <.001

≥65 3.7 (3.2 to 4.2) 4.0 (3.4 to 4.6) 4.4 (3.8 to 5.0) 0.3 (−0.5 to 1.1) 0.4 (−0.4 to 1.2) 0.7 (−0.04 to 1.5) .06

Sex

Men 14.2 (13.3 to 15.1) 16.2 (15.3 to 17.1) 17.7 (16.8 to 18.7) 2.0 (0.7 to 3.3) 1.6 (0.3 to 2.9) 3.5 (2.2 to 4.9) <.001

Women 11.1 (10.4 to 11.9) 11.8 (11.1 to 12.5) 13.0 (12.2 to 13.7) 0.7 (−0.3 to 1.7) 1.1 (0.1 to 2.2) 1.8 (0.8 to 2.9) <.001

Race/ethnicityc

Hispanic 8.4 (7.3 to 9.5) 10.0 (8.9 to 11.1) 11.1 (9.6 to 12.6) 1.6 (0.1 to 3.0) 1.1 (−0.7 to 2.9) 2.7 (0.8 to 4.5) .004

Non-Hispanic white 14.8 (14.0 to 15.6) 15.8 (15.0 to 16.6) 17.2 (16.5 to 18.0) 1.1 (−0.1 to 2.2) 1.4 (0.3 to 2.5) 2.5 (1.3 to 3.6) <.001

Non-Hispanic black 7.1 (6.2 to 8.0) 9.7 (8.5 to 10.9) 11.5 (9.7 to 13.4) 2.6 (1.1 to 4.0) 1.9 (−0.3 to 4.0) 4.4 (2.4 to 6.4) <.001

Non-Hispanic other 10.7 (9.0 to 12.3) 12.0 (10.3 to 13.6) 13.1 (11.2 to 15.0) 1.3 (−0.8 to 3.4) 1.1 (−1.4 to 3.7) 2.4 (−0.1 to 5.0) .07

Family income: poverty
ratio

<1.0 16.0 (14.5 to 17.4) 19.6 (17.8 to 21.4) 20.1 (18.1 to 22.0) 3.6 (1.3 to 6.0) 0.5 (−2.2 to 3.1) 4.1 (1.7 to 6.5) <.001

1.0-1.9 15.3 (14.0 to 16.5) 16.3 (14.9 to 17.7) 19.1 (17.2 to 21.0) 1.1 (−0.8 to 2.9) 2.8 (0.5 to 5.2) 3.9 (1.6 to 6.2) <.001

2.0-3.9 15.0 (13.9 to 16.2) 16.2 (15.1 to 17.3) 18.2 (16.9 to 19.5) 1.2 (−0.4 to 2.7) 2.0 (0.2 to 3.7) 3.1 (1.3 to 4.9) <.001

≥4.0 10.0 (8.9 to 11.2) 11.3 (10.4 to 12.3) 12.4 (11.4 to 13.3) 1.3 (−0.2 to 2.8) 1.0 (−0.3 to 2.3) 2.3 (0.8 to 3.8) .004

Conventional cigarette
used

Current smoker 47.6 (45.5 to 49.6) 53.2 (51.2 to 55.3) 52.5 (50.6 to 54.4) 5.7 (2.8 to 8.6) −0.7 (−3.5 to 2.0) 5.0 (2.1 to 7.8) <.001

Former smoker 12.3 (11.2 to 13.3) 14.8 (13.7 to 16.0) 16.2 (15.0 to 17.3) 2.5 (1.0 to 4.0) 1.4 (−0.3 to 3.0) 3.9 (2.3 to 5.5) <.001

Never smoker 3.2 (2.8 to 3.6) 4.3 (3.8 to 4.7) 5.7 (5.2 to 6.2) 1.1 (0.4 to 1.7) 1.4 (0.7 to 2.1) 2.5 (1.9 to 3.1) <.001

Current Use of e-Cigarettes

e-Cigarette users/
participants, No.

1276/36 520 1029/31 724 983/32 931

Overall 3.7 (3.3 to 4.1) 3.5 (3.2 to 3.7) 3.2 (2.9 to 3.5) −0.3 (−0.8 to 0.2) −0.3 (−0.7 to 0.1) −0.6 (−1.1 to −0.1) .02

Age, y

18-44 4.8 (4.2 to 5.4) 4.6 (4.1 to 5.0) 4.4 (3.8 to 4.9) −0.3 (−1.0 to 0.5) −0.2 (−0.9 to 0.5) −0.5 (−1.3 to 0.3) .26

45-64 3.5 (2.9 to 4.1) 3.3 (2.8 to 3.7) 2.8 (2.4 to 3.2) −0.3 (−1.0 to 0.5) −0.4 (−1.0 to 0.2) −0.7 (−1.4 to 0.0) .06

≥65 1.4 (1.1 to 1.8) 1.1 (0.8 to 1.4) 1.0 (0.7 to 1.2) −0.3 (−0.8 to 0.2) −0.2 (−0.6 to 0.2) −0.5 (−0.9 to −0.0) .03

Sex

Men 4.1 (3.5 to 4.8) 4.3 (3.9 to 4.8) 3.8 (3.4 to 4.3) 0.2 (−0.6 to 1.0) −0.5 (−1.1 to 0.2) −0.3 (−1.1 to 0.5) .44

Women 3.4 (2.9 to 3.9) 2.6 (2.3 to 3.0) 2.6 (2.2 to 2.9) −0.7 (−1.3 to −0.1) −0.1 (−0.5 to 0.4) −0.8 (−1.4 to −0.2) .007

Race/ethnicityc

Hispanic 2.0 (1.5 to 2.5) 1.8 (1.3 to 2.3) 1.6 (1.0 to 2.1) −0.2 (−0.8 to 0.5) −0.3 (−1.0 to 0.5) −0.4 (−1.2 to 0.3) .27

Non-Hispanic white 4.6 (4.0 to 5.2) 4.1 (3.7 to 4.5) 3.7 (3.3 to 4.1) −0.5 (−1.2 to 0.3) −0.4 (−1.0 to 0.1) −0.9 (−1.6 to −0.2) .01

Non-Hispanic black 1.8 (1.4 to 2.3) 1.9 (1.4 to 2.4) 2.0 (1.2 to 2.8) 0.0 (−0.7 to 0.8) 0.2 (−0.8 to 1.1) 0.2 (−0.7 to 1.1) .66

Non-Hispanic other 2.9 (2.0 to 3.9) 3.4 (2.3 to 4.6) 3.7 (2.5 to 4.9) 0.5 (−0.9 to 1.9) 0.2 (−1.4 to 1.8) 0.7 (−0.8 to 2.3) .36

Family income: poverty
ratio

<1.0 4.9 (4.2 to 5.7) 5.2 (4.1 to 6.2) 3.5 (2.6 to 4.3) 0.2 (−1.1 to 1.6) −1.7 (−3.0 to −0.4) −1.5 (−2.6 to −0.3) .01

1.0-1.9 4.5 (3.8 to 5.2) 4.4 (3.7 to 5.2) 4.7 (3.7 to 5.6) −0.0 (−1.0 to 0.9) 0.2 (−1.0 to 1.5) 0.2 (−1.0 to 1.4) .74

2.0-3.9 4.4 (3.7 to 5.0) 3.7 (3.1 to 4.3) 3.9 (3.3 to 4.6) −0.7 (−1.6 to 0.2) 0.2 (−0.7 to 1.1) −0.5 (−1.4 to 0.5) .33

≥4.0 2.8 (1.9 to 3.7) 2.8 (2.4 to 3.3) 2.3 (2.0 to 2.7) −0.0 (−1.0 to 1.0) −0.5 (−1.1 to 0.1) −0.5 (−1.5 to 0.5) .29

Conventional cigarette
used

Current smoker 15.9 (14.2 to 17.6) 13.6 (12.2 to 14.9) 10.8 (9.6 to 12.0) −2.3 (−4.5 to −0.2) −2.8 (−4.6 to −1.0) −5.1 (−7.2 to −3.0) <.001

Former smoker 3.8 (3.1 to 4.5) 4.7 (4.0 to 5.4) 4.8 (4.2 to 5.5) 0.9 (−0.1 to 1.9) 0.1 (−0.8 to 1.1) 1.0 (0.1 to 2.0) .03

Never smoker 0.4 (0.3 to 0.5) 0.6 (0.5 to 0.8) 0.7 (0.5 to 0.9) 0.2 (0.0 to 0.4) 0.1 (−0.2 to 0.3) 0.3 (0.0 to 0.5) .02
a All estimates, except the numbers of participants and e-cigarette users,

were weighted.
b P values for trends in prevalence from 2014 to 2016.
c Race and Hispanic ethnicity were self-reported and classified based on the

1997 Office of Management and Budget standards.

d Conventional cigarette smoking did not include e-cigarettes. Adults who had
not smoked 100 cigarettes in their lifetime were classified as never smokers.
Adults who had ever smoked 100 cigarettes were classified as (1) current
smokers if they currently smoked every day or some days; or (2) former
smokers if they were not currently smoking.4
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COMMENT & RESPONSE

Calcium and Vitamin D Supplements and Fractures
in Community-Dwelling Adults
To the Editor In a meta-analysis of randomized clinical trials
(RCTs), Dr Zhao and colleagues1 showed that the use of cal-
cium or vitamin D supplements or both was not associated with
a lower risk of fractures in community-dwelling older adults
compared with placebo or no treatment. We have a number
of concerns.

First, the duration of most studies was 1 to 2 years, which
is short to show antifracture efficacy. Second, the partici-
pants in all studies were at a relatively low risk of fracture,
which reduces the likelihood of further risk reduction. In par-
ticular, the age range was 60 to 70 years in 8 studies and 77 to
80 years in 3 studies, and bone mineral density (BMD) was nor-
mal or in the osteopenic range.

Third, participants in most studies were marginally defi-
cient in vitamin D, with baseline 25-hydroxyvitamin D
(25[OH]D) concentrations of 15 to 33 ng/mL. The proportion
with severe vitamin D deficiency (<10 ng/mL), in whom a ben-
eficial effect of calcium and vitamin D on fracture risk could
be more evident, was low. Fourth, the dose of vitamin D was
800 IU/d in most studies, which may not be sufficient to reach
25(OH)D concentrations of more than 20 or 30 ng/mL. Data
from the Women’s Health Initiative (WHI) support the inde-
pendent association between serum 25(OH)D concentration
and fractures, with an odds ratio for women in the lowest 25
(OH)D quartile (9.2-47 nM) vs the highest quartile (70-121 nM)
of 1.71 (95% CI, 1.05-2.79).2

Fifth, the populations studied were of various origins and
therefore an effect of race and ethnicity cannot be excluded
because genetic susceptibility has been shown to influence
the effect of calcium and vitamin D supplementation on frac-
ture risk.3 Sixth, adherence to calcium and vitamin D supple-
mentation in most studies, especially in the largest ones,
such as the WHI,2 was only 54% to 60%. Seventh, heteroge-

neity among studies with respect to dietary calcium and vita-
min D intake may have influenced total calcium and vitamin
D intake.

Panagiotis Anagnostis, MD, MSc, PhD
Stavroula A. Paschou, MD, PhD
Dimitrios G. Goulis, MD, PhD

Author Affiliations: First Department of Obstetrics and Gynecology, Aristotle
University of Thessaloniki Medical School, Thessaloniki, Greece (Anagnostis,
Goulis); Agia Sofia Hospital, National and Kapodistrian University of Athens
Medical School, Athens, Greece (Paschou).

Corresponding Author: Panagiotis Anagnostis, MD, MSc, PhD, Unit of
Reproductive Endocrinology, First Department of Obstetrics and Gynecology,
Aristotle University of Thessaloniki Medical School, Thessaloniki 54640, Greece
(anagnwstis.pan@yahoo.gr).

Conflict of Interest Disclosures: The authors have completed and submitted
the ICMJE Form for Disclosure of Potential Conflicts of Interest and none were
reported.

1. Zhao JG, Zeng XT, Wang J, Liu L. Association between calcium or vitamin D
supplementation and fracture incidence in community-dwelling older adults:
a systematic review and meta-analysis. JAMA. 2017;318(24):2466-2482.

2. Cauley JA, Lacroix AZ, Wu L, et al. Serum 25-hydroxyvitamin D
concentrations and risk for hip fractures. Ann Intern Med. 2008;149(4):242-250.

3. Wang Y, Wactawski-Wende J, Sucheston-Campbell LE, et al. The influence of
genetic susceptibility and calcium plus vitamin D supplementation on fracture
risk. Am J Clin Nutr. 2017;105(4):970-979.

To the Editor Dr Zhao and colleagues1 concluded that the find-
ings of their review did not support the routine use of cal-
cium or vitamin D supplementation in community-dwelling
older adults. This broad conclusion is potentially weakened by
several aspects of the study.

One limitation of the study is that it did not consider ad-
herence to supplementation, which could affect fracture in-
cidence. Some of the primary studies had adherence rates as
low as 55% to 60%. Furthermore, control patients may have
received supplementation outside of their studies, thereby re-
ducing the difference between the control and intervention
groups. In a primary study,2 vitamin D supplementation among
control patients increased from 3.8% at baseline to 16.1% at the
end of the study.

In addition, the primary studies had heterogeneous popu-
lations, making it difficult to generalize results. These popu-
lations included patients with and without prior fractures and
other risk factors; patients receiving different supplement dos-
ages; and patients without baseline serum 25(OH)D concen-
trations. The study did not analyze important subgroups, such
as by age and follow-up time; risk of fractures increases with
increasing age and with longer follow-up time.

Other potential deficiencies that could have diminished
the robustness of the findings include publication bias, indi-
rectness (the primary outcome was not hip fracture in two-
thirds of the studies), and a lack of sufficient power to detect
differences for several fracture outcomes.

The authors’ interpretation did not consider the direc-
tion of the association of calcium with or without vitamin D
on secondary outcomes (nonhip fractures). For example,
the study showed that calcium supplementation had a rela-
tive risk of 0.95 for nonvertebral fractures and 0.83 for vertebral
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