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ABSTRACT

Objective Electronic nicotine delivery systems (ENDS)
products have emerged as the most popular alternative to
combustible cigarettes. However, ENDS products contain
potentially dangerous toxicants and chemical compounds,
and little is known about their health effects. The aim

of the present study was to examine the prospective
association between cigarette and ENDS use on self-
reported incident hypertension.

Design Longitudinal cohort study.

Setting Nationally representative sample of the civilian,
non-institutionalised population in the USA.

Participants 17539 adults aged 18 or older who
participated at follow-up and had no self-reported heart
condition or previous diagnosis of hypertension or high
cholesterol at baseline.

Measures We constructed a time-varying tobacco
exposure, lagged by one wave, defined as no use,
exclusive established use (every day or some days)

of ENDS or cigarettes, and dual use. We controlled for
demographics (age, sex, race/ethnicity and household
income), clinical risk factors (family history of heart attack,
obesity, diabetes and binge drinking) and smoking history
(cigarette pack-years).

Outcomes Self-reported incident hypertension diagnosis.
Results The self-reported incidence of hypertension was
3.7% between wave 2 and wave 5. At baseline, 18.0%
(n=5570) of respondents exclusively smoked cigarettes;
1.1% (n=336) exclusively used ENDS; and 1.7% (n=570)
were dual users. In adjusted models, exclusive cigarette
use was associated with an increased risk of self-reported
incident hypertension compared with non-use (adjusted
HR (aHR) 1.21, 95% Cl 1.06 to 1.38), while exclusive ENDS
use (aHR 1.00, 95%Cl 0.68 to 1.47) and dual use (aHR
1.15, 95%Cl 0.87 to 1.52) were not.

Conclusions We found that smoking increased the risk
of self-reported hypertension, but ENDS use did not. These
results highlight the importance of using prospective
longitudinal data to examine the health effects of ENDS
use.

INTRODUCTION
Cigarette smoking is the leading cause of
premature mortality in the USA,' * and a

. Rafael Meza,"” Nancy L Fleischer

STRENGTHS AND LIMITATIONS OF THIS STUDY

= In this study, we examine the time-varying associa-
tion between cigarette smoking and electronic nic-
otine delivery systems (ENDS) use on the incidence
of hypertension among a nationally representative
sample of US adults.

= By examining the prospective incident cases of
hypertension and using a lagged time-varying cig-
arette/ENDS exposure variable, our study does not
have the same concerns with reverse causation that
have been identified in cross-sectional studies.

= We also controlled for the potential confounding of
smoking history, measured as cigarette pack-years,
which is important because most adults who use
ENDS are either currently smoking cigarettes or
have smoked cigarettes in the past.

= Our study was limited by relying on self-reported
hypertension, as systolic and diastolic blood pres-
sure measures were not available.

= Our non-randomised data mean that our results
could be affected by unmeasured confounding, and
the results should be interpreted with the same lev-
el of caution required in all prospective longitudinal
studies.

significant proportion of smoking-attributable
deaths are related to cardiovascular disease.”
Smoking is known to cause an acute rise in
blood pressure” and contribute to arterial
stiffness,” and has been associated with an
increased risk of developing hypertension.” o
Hypertension, in turn, is an important risk
factor for most downstream cardiovascular
diseases.''™ The health hazards of smoking
on cardiovascular disease underscore the
importance of further reducing smoking
prevalence in the general population and the
continued need to promote smoking cessa-
tion among adults who smoke.

Electronic  nicotine delivery  systems
(ENDS) products became widely available
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around 2010, and they refer to a broad range of devices
that produce an aerosol from heating an e-liquid. ENDS
products quickly emerged as the most popular alternative
to combustible cigarettes in the USA, as their prevalence
doubled among young adults between 2014 and 2018,
and more than 5.6million US adults reported ENDS
use in 2018-2019." Some adults use ENDS products as
a way to help them quit smoking'® '® and because they
are generally believed to be less harmful than combus-
tible cigarettes,'” '® and it has been argued that their use
should be encouraged as part of a harm minimisation
strategy.'” However, non-smoking youth are also using
ENDS products,' raising concerns about tobacco use
renormalisation. Furthermore, ENDS contain toxicants
and chemical compounds that are potentially dangerous,
including aldehydes, carbonyl, nicotine and flavouring
additives.” *' Very little is known about the health conse-
quences of ENDS product use,”! and we need reliable and
rigorous estimates of their health effects.

One potential consequence of ENDS product use may
be an increased risk of hypertension. Evidence of a short-
term elevation in both systolic blood pressure and diastolic
blood pressure from ENDS product use has been found
in experimental studies,”” and a recent epidemiological
study found evidence of a cross-sectional association
between ENDS product use and self-reported hyperten-
sion among adults.”> However, cross-sectional research
on the cardiovascular risks of ENDS use has resulted
in a contentious debate*™ largely centred around the
issue of reverse causation.”” Without information on the
timing of both ENDS use and disease outcome, it is simply
not possible to know whether ENDS use came before or
after the disease outcome. The latter is likely common,
given the use of ENDS by some smokers trying to quit
after being diagnosed with a cardiovascular disease.”
Therefore, the results from these cross-sectional studies
need to be interpreted with caution. Researchers have
highlighted the need for prospective longitudinal data to
better understand the temporal ordering between ENDS
use and cardiovascular disease endpoints.** **

In this study, we use data from a nationally represen-
tative prospective cohort study to examine the time-
varying association between cigarette and ENDS use on
the incidence of self-reported hypertension, which limits
potential concerns with reverse causation. In addition,
we developed a composite exposure variable combining
current cigarette and ENDS use to examine the relative
contribution of exclusive cigarette use, exclusive ENDS
use and dual cigarette/ENDS use, compared with no use.
We also adjust for cigarette smoking history.

METHODS

Data

We used data on adults from wave 1 to wave 5 (2013-2019)
of the Population Assessment of Tobacco and Health
(PATH) Study, a publicly available dataset. However,
this analysis used the restricted-use files™) in order to

use variables such as continuous age and cigarette pack-
years. These variables are not available in the public-use
files. Further details on how to access the restricted-use
data are described in the PATH Study Restricted Use
Files User Guide (available at https://doi.org/10.3886/
ICPSR36231.v33).

The PATH study is an ongoing, nationally represen-
tative cohort study of the civilian, non-institutionalised
population in the USA. A stratified area probability design
was used to sample geographical segments from 156
geographical primary sampling units. An address-based
sampling frame was then used to randomly select house-
holds based on residential addresses derived from the
United States Postal Service. Once households were iden-
tified, an introductory letter and brochure were mailed
to sampled addresses followed by an in-person field inter-
view within 2weeks. A two-phase sampling procedure
was used to select adults within sampled households for
the in-person interview.” African-Americans and tobacco
users were oversampled in relation to population propor-
tions, and weighting procedures were adjusted for over-
sampling and non-response based on US Census Bureau
Data. Data were collected from September 2013 to
December 2014 for wave 1 (response rate among screened
households, 74.0%); from October 2014 to October 2015
for wave 2 (response rate, 83.2%); from October 2015 to
October 2016 for wave 3 (response rate, 78.4%); from
December 2016 to January 2018 for wave 4 (response
rate, 73.5%); and from December 2018 to November
2019 for wave 5 (response rate, 69.4%). All PATH survey
interviews were completed in person using audio-assisted
self-interviewing administrations, available in English or
Spanish. Data collection protocols were used to ensure
that follow-up interviews were close to the anniversary of
their participation in the previous wave.” Further details
about the design and methods of the PATH study have
been published elsewhere.” ™

The analytical sample for the current study was
restricted to adult respondents (18+) (wave 1, n=32320)
with no selfreported heart condition (eg, congestive
heart failure, heart attack and stroke) or previous diag-
nosis of hypertension or high cholesterol at baseline
(n=21734). A total of 3203 respondents were excluded
as they did not participate at any follow-up interview, and
respondents who did not report a hypertension diag-
nosis were right censored at their last observation point.
Respondents with missing variable information (n=992,
5.3%) were excluded from the analysis using listwise
deletion. The final analytical sample consisted of 17539
respondents. A flowchart summarising the analytical
sample is provided in the supplemental material (online
supplemental figure S1).

Patient and public involvement

Patients and/or the public were not involved in the
design, conduct, reporting or dissemination plans of this
research.
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Self-reported hypertension

We examined the incidence of self-reported hyperten-
sion at follow-up among respondents who reported they
had never been diagnosed with hypertension at baseline.
The reliability and concurrent validity of self-reported
hypertension have been established in a previous study
using PATH study data.” In waves 2 and 3, all respon-
dents were asked, ‘In the past 12 months, has a doctor,
nurse or other health professional told you that you had
high blood pressure?’ Due to a change in the skip pattern
in waves 4 and 5, this question was only asked to respon-
dents who reported they saw a ‘medical doctor, nurse, or
other health professional’ during the past 12 months. We
adopted an inclusive measurement strategy because self-
reported hypertension is known to have low sensitivity
(ie, it is underestimated) in epidemiological studies,”
especially among women® and non-Hispanic (NH) black
adults.”” To minimise this bias, we classified respondents
who answered ‘yes’ to the blood pressure question as
having self-reported hypertension regardless of whether
they reported seeing a doctor during the past year. In
waves 4 and 5, we classified respondents who did not
report seeing a doctor during the past year as not having
self-reported hypertension.

Cigarette/ENDS exposure variable

Our exposure variable was based on answers to ques-
tions about established cigarette (100 or more cigarettes
smoked in lifetime) and ENDS (ever fairly regularly used
ENDS) use, as well as everyday or someday use of ciga-
rettes and ENDS (current use). Based on these variables,
we developed a four-category exposure variable: non-
current user (of either product, which included people
who never used either product), exclusive cigarette
smoker, exclusive ENDS user and dual user of cigarettes
and ENDS. This variable was constructed at each wave
and was included as a time-varying exposure. To mini-
mise missing values for a given wave, we imputed missing
tobacco exposure data borrowing information from a
previous wave. To ensure that the tobacco product use
exposure preceded the hypertension diagnosis, we lagged
our time-varying exposure by one wave. The descriptive
statistics of the time-varying tobacco use exposure can
be found in the supplemental material (online supple-
mental table S1).

Covariates

We included age (continuous ages 18-90), sex (O=female
and l=male), race/ethnicity (Hispanic, NH white, NH
black, NH Asian or NH other) and household income
(less than $49 999, more than $50 000 or missing) as
baseline sociodemographic variables. Missing values for
baseline sociodemographic variables were updated with
data from other waves when available to reduce item non-
response. We also included baseline risk factors to control
for potential confounding, including familial history of
heart attack/bypass surgery, obesity (body mass index
>30), diabetes mellitus and regular binge drinking (five

or more drinks in one sitting on at least five separate days
during the past month).

To account for the potential confounding effect of life-
time cigarette smoking, two additional covariates were
included. First, we included a dichotomous predictor
for former established smokers (smoked at least 100
cigarettes in a lifetime but reported no current use at
baseline). Second, we included cigarette pack-years as a
measure of lifetime cigarette smoking at baseline. Pack-
years were calculated by multiplying the duration of
cigarette smoking by the average number of packs of ciga-
rettes smoked per day while individuals smoked. Respon-
dents who reported smoking more than 200 cigarettes
per day (10 packs per day) were considered implausible
and were set to missing (n=99).

Statistical analysis

Descriptive statistics were first calculated for sociode-
mographic characteristics, cigarette/ENDS use and
hypertension risk factors at baseline. The sample charac-
teristics were then calculated according to respondent’s
cigarette/ENDS use at baseline. X2 tests or Fisher’s exact
test was used to test for statistically significant differences
between groups. Life tables were then used to describe
the distribution of the incident hypertension outcomes
at follow-up (waves 2-5). The hazard estimates reflect the
weighted conditional probability for self-reported hyper-
tension for respondents in the risk set at each discrete-
time interval.™

We used discrete-time survival models to analyse the
incidence of self-reported hypertension across waves
2-5 of follow-up (approximately 5 years). Discrete-time
survival models are appropriate when the exact timing
until an event is not known.™ The data were fit to an
unbalanced person-period dataset where each individual
contributed a number of rows equal to the time period
until they were diagnosed with hypertension or were
right censored.”® As such, all 17539 respondents in the
self-reported hypertension sample had a separate row
of data for each period, with a maximum of four rows
per respondent, resulting in a person-period dataset with
59367 observations. The structure of the reorganised
person-period dataset allowed for an examination of the
conditional probability of self-reported and medicated
incident hypertension at each discrete-time interval.
All discrete-time survival models were estimated using a
complimentary log-log (cloglog) link function on the
person-period dataset. Data were weighted using wave 1
weights, including full-sample and 100 replicate weights,
to ensure that our respondents were representative of
the non-institutionalised adult population in the USA at
baseline.

Several sensitivity analyses were included as robustness
checks. First, to assess the impact of attrition, we compared
baseline characteristics for censored and non-censored
respondents (online supplemental table S2). Second,
because the censored respondents had a slightly different
sociodemographic profile than the non-censored
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respondents, as a sensitivity analysis, we estimated the
discrete-time models using the ‘all waves weights’, which
account for this type of attrition®" and restrict the analysis
to a longitudinal cohort of respondents who participated
in all waves of the PATH study (online supplemental
table S3). Third, to better approximate clinical hyperten-
sion and minimise potential false-positive errors in self-
reported hypertension, we also included a measure of
medicated hypertension as a sensitivity analysis. Respon-
dents who self-reported hypertension and responded yes
when asked In the past 12 months, did you take heart or
blood pressure medication regularly?” were considered
to have medicated hypertension (online supplemental
table S4). Fourth, to examine whether more frequent
cigarette/ENDS use was associated with incident hyper-
tension, we included a more frequent cigarette/ENDS
use exposure (measured as 10+ days in the past 30
days) as a sensitivity analysis (online supplemental table
S5). Fifth, to more clearly distinguish between adults
who never smoked cigarettes from former smokers, we
created a revised exposure with adults who reported
‘never established smoking’ as the reference group, with
the following use categories: (1) former cigarette, no
ENDS; (2) current cigarette, no ENDS; (3) former ciga-
rette, current ENDS; (4) current cigarette and ENDS; and
(5) exclusive ENDS (see online supplemental table S6).
Finally, we restricted our analysis to adults who reported
they had never smoked 100 cigarettes in their lifetime at
baseline and examined the association between ENDS
use and hypertension among respondents who had never
smoked (online supplemental table S7). For all analyses,
variances were computed using the balanced repeated
replication methods with Fay’s adjustment set to 0.3 as
recommended by the PATH study.” ** All analyses were
conducted using Stata V.16.1."!

RESULTS

The weighted baseline sociodemographic characteris-
tics, smoking behaviours and hypertensive risk factors
for the selfreported hypertension (n=17539) analyt-
ical sample are outlined in table 1. At baseline, respon-
dents had a mean age of 39 years (SD=15.4) and were
predominately female (53.9%) and NH white (63.0%)
and reported a household income of less than $50000
(56.0%). Most respondents were not current cigarette
or ENDS users at baseline (n=11063, 79.2%), while a
similar percentage of respondents were exclusive ENDS
users (n=336, 1.1%) or dual users (n=570, 1.7%). Current
cigarette use was the most common tobacco use status at
baseline (n=5570, 18.0%). Of the respondents, 13.4%
were former established smokers at baseline; among
current or former established smokers, the average ciga-
rette pack-years was 13.9 (SD=20.0). In terms of baseline
hypertensive risk factors, approximately one-quarter of
respondents reported a family history of heart attack
(27.7%) and obesity (24.6%), while diabetes mellitus

Table 1 Weighted sociodemographic characteristics,
smoking behaviours and hypertensive risk factors for adult
respondents (18+) at baseline, Population Assessment of
Tobacco and Health study (Wave 1, 2013-2014)

N %* 95% Cl

Age (years), mean (SD) 17539 38.97 (15.42)
Sex

Female 9073 58.9 53.2 t0 54.6

Male 8466 46.1 45.4 10 46.8
Race/ethnicity

NH white 10250 63 62.2 to 63.8

Hispanic 3446 17.6 17.0to 18.2

NH black 2422 11 10.5t0 11.5

NH Asian 526 5.8 5.3106.3

NH other 895 2.6 24t02.9
Household income

<$50000 11481 56 54.6 to 57.3

>$50000 5699 41.8 40.4 to 43.1

Missing 359 2.2 1.9t0 2.7
Cigarette/ecigarette baseline exposure

Non-user 11063 79.2 78.510 79.9

Cigarette only 5570 18 17.3t0 18.7

E-cigarette only 336 1.1 0.92to 1.2

Dual user 570 1.7 1.6t02.0
Family history of heart attack

No 12852 72.3 71.2t073.3

Yes 4687 27.7 26.7 t0 28.8
Obesity (BMI >30)

No 13318 75.4 74.31076.5

Yes 4221 24.6 23.5t025.7
Diabetes diagnosis at baseline

No 16848 95.3 94.8t0 95.8

Yes 691 4.7 42t05.2
Regular binge drinking

No 16297 955 95.1t095.8

Yes 1242 4.5 42t04.9
Former established smoker at baseline

No 15618 86.6 85.8 to 87.5

Yes 1921 13.4 12.5t0 14.2
Pack-years among 8061 13.9 (20.0)
current/former

smokers, mean (SD)T

*Percentages were calcuated using W1 weights.

TMean pack-years value for ever established (both current and
former) smokers.

BMI, body mass index; NH, non-Hispanic; W, wave.

(4.7%) and regular binge drinking (4.5%) were reported
less frequently.

Table 2 presents the sample characteristics stratified by
our tobacco exposure variable at baseline. Compared with
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Table 2 Sample characteristics by baseline cigarette/ENDS use, Population Assessment of Tobacco and Health study (wave

1,2013-2014)

Non-user Exclusive cigarette user  Exclusive ENDS user Dual user
% (95% CI) % (95% CI) % (95% Cl) % (95% CI)
Age (years), mean (SD) 39.6 (14.2) 37.1(17.7) 33.2 (16.7) 34.2 (16.6)
Sex
Female 55.9 (55.1 to 56.8) 45.9 (44.5 to 47.3) 45.9 (39.9 to 52.1) 47.5 (43.4 to 51.6)
Male 441 (43.2 to 44.9) 54.1 (52.7 to 55.5) 54.1 (47.9 to 60.1) 52.5 (48.4 to 56.6)
Race/ethnicity
NH white 61.2 (60.1 to 62.4) 68.9 (67.3 to 70.5) 69.3 (63.0 to 75.0) 76.7 (72.7 to 80.4)
Hispanic 19 (18.2 t0 19.7) 12.6 (11.7 to 13.6) 12.3 (9.1 to 16.5) 9.9 (7.5 to 13.0)
NH black 10.8 (10.2 to 11.4) 12.6 (11.5t0 13.7) 8.5 (5.6 to 12.5) 5.8(3.81t08.7)
NH Asian 6.6 (6.1 to 7.3) 2.4(1.81t03.2) 5.7 (2.7 to 11.5) 2.3(1.0t0 4.9)
NH other 2.4 (2.11t02.7) 3.5(3.1t03.9) 42(2.4t07.1) 5.3(3.8t07.2)
Household income
<$50000 51.4 (49.9 to 52.9) 74.3 (72.7 to 75.9) 65.2 (59.3 to 70.7) 66.2 (61.0 to 70.9)
>$50000 46.2 (44.7 to 47.7) 23.8 (22.3 t0 25.3) 33.2 (27.4 to 39.5) 32.2 (27.5 to 37.3)
Missing 2.4(2.0t0 2.9) 1.9 (1.5t02.3) 1.6 (.65t0 3.7) 1.6 (.80 t0 3.2)

Family history of heart attack

No 72.8 (71.6 to 74.0) 70.6 (69.2 to 72.0) 68.3 (63.3 to 73.0) 65.8 (61.0 to 70.3)

Yes 27.2 (26.0 to 28.4) 29.4 (28.0 to 30.8) 31.7 (27.0 to 36.7) 34.2 (29.7 to 39.0)
Obesity (BMI >30)

No 75.5 (74.1 t0 76.8) 75.3 (73.8 to 76.7) 72 (65.7 to 77.5) 76.2 (72.2 to 79.8)

Yes 24.5 (23.2 to 25.9) 24.7 (23.3 t0 26.2) 28 (22.5t0 34.3) 23.8 (20.2 to 27.8)
Diabetes diagnosis at baseline

No 95.3 (94.6 to 95.8) 95.5 (94.9 to 96.0) 96.8 (94.3 t0 98.2) 94.9 (92.3 to 96.6)

Yes 4.7 (4.210 5.4) 45(4.0to5.1) 3.2(1.8105.7) 5.1(3.4t07.7)
Regular binge drinking

No 97.2 (96.8 to 97.5) 89 (88.0 to 89.9) 89.5 (85.1 to 92.7) 87.9 (84.6 to 90.6)

Yes 2.8(2.5t03.2) 11 (10.1 to 12.0) 10.5 (7.3 to 14.9) 12.1 (9.4 to 15.4)
Former established smoker at baseline

No 84 (82.9 to 85.0) 100 36.3 (30.3 to 42.9) 100

Yes 16 (15.0to 17.1) 0 63.7 (57.1 t0 69.7) 0
Pack-years smoking at 13.9 (15.3) 14.1 (22.4) 17.9 (23.6) 11.1 (16.9)

baseline, mean (SD)*

*Mean pack-years value for ever established (both current and former) smokers.
BMI, body mass index; ENDS, electronic nicotine delivery systems; NH, non-Hispanic.

all the other groups, respondents who exclusively smoked
cigarettes were the most likely to be NH black (12.6%),
most likely to report household incomes under $50000
(74.3%). Compared with exclusive cigarette users, exclu-
sive ENDS users at baseline were younger (33.2 (SD=16.7)
years vs 37.1 (SD=17.7) years), reported higher house-
hold incomes (33.2% vs 23.8%) and were more likely to
report a family history of heart attack (31.7% vs 29.4%)
and obesity (33.2% vs 23.8%). Importantly, nearly two-
thirds of exclusive ENDS users were former established
smokers at baseline (63.7%). The average pack-year value
for exclusive ENDS users who were former established
smokers (17.9, SD=23.6) was higher than for current

exclusive cigarette users (14.1, SD=22.4) at baseline. Dual
users shared similar sociodemographic characteristics
with exclusive ENDS users, except dual users were more
likely to be NH white (76.7% vs 69.3%), to have diabetes
mellitus (5.1% vs 3.2%) and reported more regular binge
drinking (12.1% vs 10.5%-10.3%). The average pack-year
value for dual users (11.1, SD=16.9), on the other hand,
was lower than exclusive cigarette users (14.1, SD=22.4),
and for former smokers who were non-current users
(18.9, SD=15.3) or exclusive ENDS users (17.9, SD=23.61)
at baseline.

Life tables describing the conditional probability for
self-reported incident hypertension are displayed in
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Table 3 Life tables describing the incidence of self-reported hypertension among adults (18+), Population Assessment of

Tobacco and Health study (W1-W5, 2013-2019)

Interval Total Diagnosis Censored Hazard estimate*
Period 1 (W1-W2) 17539 652 1230 0.039
Period 2 (W2-W3) 15660 464 1137 0.033
Period 3 (W3-W4) 14067 334 1632 0.029
Period 4 (W4-W5) 12101 480 11612 0.046

*Hazard estimates were calculated using W1 weights.
W, wave.

table 3. Hypertension was self-reported by 1930 respon-
dents in the analytical sample, with an annual incidence
hazard of 3.7% (range 2.9% to 4.6% between wave 2
and wave 5). The hazard estimates were similar across all
discrete-time intervals, with slight increases between wave

4 and wave 5, reflecting a 2-year time interval between
waves.

Table 4 presents discrete-time hazard models exam-
ining the risk of self-reported incident hypertension.
In the unadjusted model, respondents who exclusively

Table 4 Discrete-time survival analysis predicting incidence of self-reported hypertension among adults, Population
Assessment of Tobacco and Health study (waves 1-5, 2013-2019)

Unadjusted Adjusted
Hazard 95% Cl Hazard 95% Cl
Time-varying cigarettes/ENDS use
Non-use Ref Ref Ref Ref
Exclusive cigarette use 1.28 1.15t0 1.42 1.21 1.06 to 1.38
Exclusive ENDS use 0.84 0.58 to 1.21 1 0.68 to 1.47
Dual use 1 0.77 to 1.30 1.15 0.87 to 1.52
Sociodemographic risk factors
Age (mean)* 1.03 1.03 to 1.04 1.03 1.03 to 1.04
Sex (male=1) 1.28 1.11to0 1.48 1.33 1.16 to 1.53
Race/ethnicity
NH white Ref Ref Ref Ref
Hispanic 0.83 0.71 t0 0.98 0.99 0.84to 1.17
NH black 1.44 1.24 t0 1.68 1.62 1.38t0 1.90
NH Asian 0.38 0.23 to 0.64 0.55 0.33 to 0.94
NH Other 1.038 0.73to 1.44 1.06 0.76 to 1.49
Household income
<$50000 Ref Ref Ref Ref
>$50000 0.8 0.70 to 0.92 0.83 0.72 to 0.96
Missing 0.67 0.32 to 1.39 0.58 0.27 to 1.22
Baseline risk factors
Family history of heart attack 1.43 1.24 t0 1.66 1.27 1.08 to 1.49
Obesity (BMI >30) 1.89 1.66 t0 2.15 1.71 1.50 to 1.96
Diabetes diagnosis 2.48 2.0 to 3.06 1.74 1.37 to 2.21
Binge drinking 1.22 0.99 to 1.50 1.25 1.01 to 1.56
Smoking history variables
Former established smoker 1.42 1.18t0 1.72 1.03 0.83 to 1.27
Pack-years (intervals of 10)* 1.17 1.18to 1.21 1.03 0.98 to0 1.08

Person n=17539, risk period n=59367.

*For interpretation, pack-years were rescaled to intervals of 10 pack-years.
BMI, body mass index; ENDS, electronic nicotine delivery systems; NH, non-Hispanic.
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smoked cigarettes had a significantly higher risk of self-
reported incident hypertension compared with those
who did not currently use cigarettes or ENDS products
(HR 1.28, 95% CI 1.15 to 1.42). The risk did not statisti-
cally differ for respondents who used ENDS, either exclu-
sively (HR 0.84, 95% CI 0.68 to 1.47) or with cigarettes
(HR 1.00, 95% CI 0.77 to 1.30), from respondents who
did not use either product. After adjusting for sociode-
mographic risk factors, baseline risk factors and smoking
history variables, the results were very similar as exclu-
sive cigarette use was associated with a 21% higher risk
of self-reported incident hypertension (95% CI 1.06 to
1.38), while exclusive ENDS use (adjusted HR (aHR) 1.0,
95% C10.68 to 1.47) and dual use (aHR 1.15, 95% CI 0.87
to 1.52) were not. Other hypertensive risk factors associ-
ated with an increased risk of self-reported hypertension
included older age, male sex, NH black (vs NH white)
race/ethnicity, lower (vs higher) household income,
family history of heart attack, obesity, diabetes diagnosis
and regular binge drinking at baseline in adjusted (multi-
variable) models.

Sensitivity analyses

As sensitivity analyses, discrete-time models were esti-
mated using the longitudinal cohort who participated
in all waves of follow-up (online supplemental table S3),
with a medicated hypertension outcome (online supple-
mental table S4) and with cigarette/ENDS use measured
as 10+ days in the past 30 days rather than everyday or
someday use (online supplemental table S5). Across
these sensitivity analyses, the substantive results remained
robust as exclusive cigarette use was associated with an
increased risk of incident hypertension compared with
non-use in both unadjusted and fully adjusted models.
In contrast, compared with non-use, exclusive ENDS use
and dual use were not associated with increased hyper-
tension risk in unadjusted or fully adjusted models in
any of these analyses. Discrete-time models were also
estimated with an expanded cigarette/ENDS exposure
incorporating never and former smoking as a sensitivity
analysis (online supplemental table S6). Compared with
never smoking, current cigarette smoking and non-ENDS
use (aHR 1.20, 95% CI 1.04 to 1.38) was associated with
an increased risk of incident hypertension, while current
ENDS use among respondents who had formerly smoked
(aHR 1.01, 95%CI 0.64 to 1.60) and dual ENDS and
cigarette smoking (aHR 1.13, 95% CI 0.84 to 1.52) were
not associated with increased hypertension risk. Finally,
respondents with established cigarette use patterns were
removed from the analytical sample, and the associa-
tion between ENDS use and hypertension was examined
among respondents who never smoked as an additional
sensitivity analysis (online supplemental table S7). Time-
varying ENDS use was not associated with an increased
risk of incident hypertension compared with non-ENDS
use in either unadjusted (HR 0.56, 95% CI 0.28, 1.13) or
adjusted models (aHR 0.75, 95% CI 0.37 to 1.52).

DISCUSSION

This study examined the time-varying association
between cigarette smoking and ENDS use on the inci-
dence of self-reported hypertension among a nation-
ally representative sample of US adults. We found that
exclusive cigarette use was associated with an increased
risk of incident hypertension in both unadjusted and
fully adjusted models. While the association between
chronic cigarette use and hypertension is complex,42
and the causal link is still debated,” ** this finding
aligns with previous research indicating a modest asso-
ciation between current cigarette smoking and the risk
of incident hypertension.”” '’ *** Moreover, this finding
is consistent with hypertension risk prediction models
that include current cigarette smoking as a covariate’
and with the findings from the 2014 Surgeon Gener-
al’s report, which concluded that cigarette smoking is
directlyassociated with coronaryheartdisease, including
hypertension.9 In contrast, studies examining the
effects of ENDS use on hypertension have only recently
been published,” and in a longitudinal follow-up of
approximately 5years, we found no evidence that short-
term and time-varying ENDS use was associated with an
increased risk of incident hypertension.

Dual use of cigarettes and ENDS was not associated
with incidence of hypertension, although the direction
of the hazard estimates was positive in fully adjusted
models for both self-reported and medicated hyperten-
sion outcomes. However, itis important to note that dual
users were different from exclusive cigarette smokers,
and the non-significant association between dual use
and incident hypertension may be partially explained
by residual confounding by sociodemographic char-
acteristics and tobacco use histories of dual users. In
our study, dual users were younger and more likely to
be NH white and reported higher household incomes
than exclusive cigarette smokers. These characteristics
are all correlated with lower risk of hypertension.® ***”
In addition, dual users had lower pack-year values than
exclusive cigarette users, with pack-year values very
similar to those of exclusive ENDS users. The different
smoking histories between exclusive cigarette and dual
users are consistent with other research finding that
dual use is associated with reduced cigarette consump-
tion*” and may represent part of a transitional state
as smokers move away from smoking Cigarettes.‘r’o s
possible that dual users may have a different risk profile
than exclusive cigarette users, which may then translate
into a lower risk of disease relative to exclusive cigarette
users. Studies with a larger number of ENDS users are
needed to better understand the risk of incident hyper-
tension among dual users.

Taken together, the results from this study do not
support an association between ENDS use and self-
reported incident hypertension. By examining the
prospective incident cases of hypertension and using a
lagged time-varying cigarette/ENDS exposure variable,
our study does not have the same concerns with reverse
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causation that have been identified in cross-sectional
studies.”” This is the most likely reason why our findings
differ from a recent cross-sectional examination of the
lifetime prevalence of hypertension using PATH data,”
where the authors did not account for the relative timing
of the ENDS exposure and hypertension. In addition,
we also controlled for the potential confounding of ciga-
rette smoking history, measured as pack-years, which is
important, given that 64% of exclusive adult ENDS users
atbaseline were former established cigarette smokers. The
substantial history of cigarette use among the majority of
exclusive ENDS users further highlights the importance
of controlling for their cigarette smoking history when
trying to estimate the independent effect of ENDS use on
hypertension and other health outcomes.

Limitations

Our study has several important limitations that need
to be considered. First, the results from this study are
based on observational data from a prospective longitu-
dinal study, and the results should be interpreted with
the same level of caution required in all self-reported
studies. Our non-randomised data mean that our
results could be affected by unmeasured confounding,
and while we included a measure of medicated hyper-
tension as a sensitivity analysis, both our hypertensive
outcomes are self-reported. Since systolic and diastolic
blood pressure measures are not available in the PATH
study, the reported incidence may underestimate the
true incidence of hypertension,” * particularly for
some sociodemographic groups.”™ Future research
would benefit from including measured hypertension
instead of self-reported hypertension where possible.
Second, while the PATH study was representative of
the US population at baseline, the loss to follow-up
was significant, and respondent attrition may not have
been random. While we examined differences between
censored and uncensored cases and conducted a sensi-
tivity analysis with weights meant to adjust for attrition,
this problem cannot be fully eliminated, as is true of
most longitudinal studies. The discrete-time survival
approach, which allows us to include all available
information from respondents at each time interval,
is a way to maximise information on the longitudinal
sample. Third, while PATH has the biggest represen-
tative sample of longitudinal tobacco use and health
in the US, ENDS use was only reported by a relatively
small number of participants, limiting the power to
detect statistical associations between ENDS use and
incident hypertension. Fourth, if some respondents
used ENDS to quit smoking cigarettes, itis possible that
these respondents also made other lifestyle changes
that may have concomitantly reduced the impact of
ENDS use on incident hypertension. Similarly, some
might have decided to switch in response to symptoms
or health issues. Future research is needed to better
understand the characteristics of respondents who

35

transition from cigarettes to ENDS use, their reasons
for doing so and the future health outcomes of these
transitions. Finally, ENDS products have only been
widely available in the USA for a little more than a
decade.”® The findings from our study are based on
approximately 5years of longitudinal follow-up, and
longer exposure to ENDS products may be required to
more fully understand the role of ENDS use on the risk
of hypertension. Moreover, ENDS products continue
to evolve, and more recent generations of ENDS
products have more efficient nicotine delivery. This
study did not adjust for cumulative exposure to ENDS
or for nicotine level by product type. Future studies
should seek to develop valid methods for better under-
standing exposure to ENDS products, and this analysis
will need to be updated as more longitudinal data on
longer-term ENDS use becomes available.

CONCLUSIONS

Using nationally representative prospective longi-
tudinal data among US adults, we found that time-
varying cigarette smoking increased the risk of
self-reported incident hypertension, but time-varying
ENDS use did not. These results highlight the impor-
tance of using prospective longitudinal data to disen-
tangle the temporal ordering between cigarette and
ENDS use and the need to control for the potential
confounding effect of cigarette smoking histories
among ENDS users. This type of longitudinal analysis
can be extended in future research examining the
cardiovascular health effects of ENDS use as longer-
term data become available.

Author affiliations

'Department of Epidemiology, University of Michigan, Ann Arbor, Michigan, USA
%Department of Internal Medicine, Frankel Cardiovascular Center, University of
Michigan, Ann Arbor, Michigan, USA

%Institute of Healthcare Policy and Innovation, University of Michigan, Ann Arbor,
Michigan, USA

“Division of Pulmonary and Critical Care Medicine, University of Michigan, Ann
Arbor, Michigan, USA

SDepartment of Biostatistics, University of Michigan, Ann Arbor, Michigan, USA
6George’[own University, Washington, DC, USA

"Department of Integrative Oncology, BC Cancer Research Institute, Vancouver,
British Columbia, Canada

Twitter Geoffrey Barnes @GBarnesMD

Contributors SC conducted the data analysis and drafted and revised the
manuscript. JLH and NLF initiated the research project in collaboration with RM
and DL. IB and RM provided statistical consultation. GB and DA provided medical
expertise and helped interpret the findings. EJM, AP and JJ created the measures
used in the analysis. All coauthors revised the draft of the paper, and NLF revised
the final draft prior to submission. SC is the author acting as guarantor.

Funding This work was supported by the National Institutes of Health (NIH)/Food
and Drug Administration (FDA) (grant U54CA229974). The content is solely the
responsibility of the authors and does not necessarily represent the official views of
the NIH or the FDA.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

8

Cook S, et al. BMJ Open 2023;13:€062297. doi:10.1136/bmjopen-2022-062297


https://twitter.com/GBarnesMD

Patient consent for publication Consent obtained directly from patient(s).

Ethics approval This study involves human participants. Deidentified data were
used and no personal identifying information was included in the manuscript.

This study was approved by the ethics committed at the University of Michigan
(HUMO00153979). The participants gave informed consent to participate in the study
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. Data may be obtained from a third party and are not publicly
available. Data are derived from wave 1 to wave 5 (2013-2019) of the Population
Assessment of Tobacco and Health (PATH) study, a publicly available deidentified
dataset. However, this analysis used the restricted-use files to use variables such
as continuous age and cigarette pack-years. These variables are not available in
the public-use files. Further details on how to access the restricted-use data are
described in the PATH Study Restricted Use Files User Guide. The Guide is available
online (https://doi.org/10.3886/ Series606.21).

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Steven Cook http://orcid.org/0000-0002-6363-2940
Geoffrey Barnes http://orcid.org/0000-0002-6532-8440
David Levy http://orcid.org/0000-0001-5280-3612

REFERENCES

1 Carter BD, Freedman ND, Jacobs EJ. Smoking and mortality--
beyond established causes. N Engl J Med 2015;372:2170.

2 Jha P, Ramasundarahettige C, Landsman V, et al. 21st-century
hazards of smoking and benefits of cessation in the United States. N
Engl J Med 2013;368:341-50.

3 Lariscy JT, Hummer RA, Rogers RG. Cigarette smoking and all-cause
and cause-specific adult mortality in the United States. Demography
2018;55:1855-85.

4 Rostron B. Smoking-attributable mortality by cause in the United
States: revising the CDC’s data and estimates. Nicotine & Tobacco
Research 2013;15:238-46.

5 Niskanen L, Laaksonen DE, Nyyssonen K, et al. Inflammation,
abdominal obesity, and smoking as predictors of hypertension.
Hypertension 2004;44:859-65.

6 Doonan RJ, Hausvater A, Scallan C, et al. The effect of smoking on
arterial stiffness. Hypertens Res 2010;33:398-410.

7 Echouffo-Tcheugui JB, Batty GD, Kivimaki M, et al. Risk models to
predict hypertension: a systematic review. PLoS One 2013;8:e67370.

8 Gao K, Shi X, Wang W. The life-course impact of smoking on
hypertension, myocardial infarction and respiratory diseases. Sci Rep
2017;7:1-7.

9 Services UDoHaH. The health consequences of smoking—50 years
of progress: a report of the surgeon general. 2014.

10 Dikalov S, Itani H, Richmond B, et al. Tobacco smoking induces
cardiovascular mitochondrial oxidative stress, promotes endothelial
dysfunction, and enhances hypertension. Am J Physiol Heart Circ
Physiol 2019;316:H639-46.

11 Dubow J, Fink ME. Impact of hypertension on stroke. Curr
Atheroscler Rep 2011;13:298-305.

12 Kjeldsen SE. Hypertension and cardiovascular risk: general aspects.
Pharmacol Res 2018;129:95-9.

13 Fuchs FD, Whelton PK. High blood pressure and cardiovascular
disease. Hypertension 2020;75:285-92.

14 Dai H, Leventhal AM. Prevalence of e-cigarette use among adults in
the United States, 2014-2018. JAMA 2019;322:1824-7.

15 Mayer M, Reyes-Guzman C, Grana R, et al. Demographic
characteristics, cigarette smoking, and e-cigarette use among US
adults. JAMA Netw Open 2020;3:€2020694.

16 Levy DT, Yuan Z, Luo Y, et al. The relationship of e-cigarette
use to cigarette quit attempts and cessation: insights from a
large, nationally representative U.S. survey. Nicotine Tob Res
2018;20:931-9.

17 Abrams DB, Glasser AM, Pearson JL, et al. Harm minimization and
tobacco control: reframing societal views of nicotine use to rapidly
save lives. Annu Rev Public Health 2018;39:193-213.

18 Shahandeh N, Chowdhary H, Middlekauff HR. Vaping and cardiac
disease. Heart 2021;107:1530-5.

19 Tam J, Brouwer AF. Comparison of e-cigarette use prevalence and
frequency by smoking status among youth in the United States,
2014-19. Addiction 2021;116:2486-97.

20 Cheng T. Chemical evaluation of electronic cigarettes. Tob Control
2014;23 Suppl 2:ii11-7.

21 Tarran R, Barr RG, Benowitz NL, et al. E-cigarettes and
cardiopulmonary health. Function (Oxf) 2021;2:zqab004.

22 Martinez-Morata I, Sanchez TR, Shimbo D, et al. Electronic cigarette
use and blood pressure endpoints: a systematic review. Curr
Hypertens Rep 2021;23:1-10.

23 Miller CR, Shi H, Li D, et al. Cross-sectional associations of smoking
and E-cigarette use with self-reported diagnosed hypertension:
findings from wave 3 of the population assessment of tobacco and
health study. Toxics 2021;9:52.

24 Alzahrani T, Glantz SA. Adding data from 2015 strengthens the
association between e-cigarette use and myocardial infarction. Am J
Prev Med 2019;57:569-71.

25 Alzahrani T, Glantz SA. The association between e-cigarette use
and myocardial infarction is what one would expect based on the
biological and clinical evidence. Am J Prev Med 2019;56:627.

26 Bhatta DN, Glantz SA. Electronic cigarette use and myocardial
infarction among adults in the us population assessment of tobacco
and health. J Am Heart Assoc 2019;8:e012317.

27 Farsalinos K, Niaura R. E-cigarette use and myocardial infarction:
association versus causal inference. Am J Prev Med 2019;56:626-7.

28 Farsalinos KE, Polosa R, Cibella F, et al. Is e-cigarette use associated
with coronary heart disease and myocardial infarction? Insights from
the 2016 and 2017 National Health Interview Surveys. Ther Adv
Chronic Dis 2019;10:2040622319877741.

29 Stokes A, Collins JM, Berry KM, et al. Electronic cigarette prevalence
and patterns of use in adults with a history of cardiovascular disease
in the United States. JAHA 2018;7.

30 United States Department of H, Human Services. National Institutes
of Health. National Institute on Drug A, United States Department
of H, Human Services F, Drug Administration. Center for Tobacco P.
Population assessment of tobacco and health (PATH) study [United
States] restricted-use files. In: Inter-university Consortium for Political
and Social Research [distributor]. 2021.

31 Hyland A, Ambrose BK, Conway KP, et al. Design and methods of
the population assessment of tobacco and health (PATH) study. Tob
Control 2017;26:371-8.

32 Mahoney MC, Rivard C, Hammad HT, et al. Cardiovascular risk
factor and disease measures from the population assessment of
tobacco and health (PATH) study. Int J Environ Res Public Health
2021;18:7692.

33 Piesse A, Opsomer J, Dohrmann S, et al. Longitudinal uses of the
population assessment of tobacco and health study. Tob Regul Sci
2021;7:3-16.

34 Tourangeau R, Yan T, Sun H, et al. Population assessment of tobacco
and health (PATH) reliability and validity study: selected reliability and
validity estimates. Tob Control 2019;28:663-8.

35 Gongalves VSS, Andrade KRC, Carvalho KMB, et al. Accuracy of
self-reported hypertension: a systematic review and meta-analysis. J
Hypertens 2018;36:970-8.

36 Wellman JL, Holmes B, Hill SY. Accuracy of self-reported
hypertension: effect of age, gender, and history of alcohol
dependence. J Clin Hypertens (Greenwich) 2020;22:842-9.

37 Mentz G, Schulz AJ, Mukherjee B, et al. Hypertension: development
of a prediction model to adjust self-reported hypertension prevalence
at the community level. BMC Health Serv Res 2012;12:312.

38 Singer JD, Willett JB, Willett JB. Applied longitudinal data analysis:
modeling change and event occurrence. Oxford university press,
2008.

39 Jenkins SP. Introduction to the analysis of spell duration data. ISER,
University of Essex, 2004.

40 Judkins DR. Fay’s method for variance estimation. J Off Stat
1990;6:223-39.

Cook S, et al. BMJ Open 2023;13:062297. doi:10.1136/bmjopen-2022-062297


https://doi.org/10.3886/%20Series606.21
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6363-2940
http://orcid.org/0000-0002-6532-8440
http://orcid.org/0000-0001-5280-3612
http://dx.doi.org/10.1056/NEJMc1503675
http://dx.doi.org/10.1056/NEJMsa1211128
http://dx.doi.org/10.1056/NEJMsa1211128
http://dx.doi.org/10.1007/s13524-018-0707-2
http://dx.doi.org/10.1093/ntr/nts120
http://dx.doi.org/10.1093/ntr/nts120
http://dx.doi.org/10.1161/01.HYP.0000146691.51307.84
http://dx.doi.org/10.1038/hr.2010.25
http://dx.doi.org/10.1371/journal.pone.0067370
http://dx.doi.org/10.1038/s41598-017-04552-5
http://dx.doi.org/10.1152/ajpheart.00595.2018
http://dx.doi.org/10.1152/ajpheart.00595.2018
http://dx.doi.org/10.1007/s11883-011-0187-y
http://dx.doi.org/10.1007/s11883-011-0187-y
http://dx.doi.org/10.1016/j.phrs.2017.11.003
http://dx.doi.org/10.1161/HYPERTENSIONAHA.119.14240
http://dx.doi.org/10.1001/jama.2019.15331
http://dx.doi.org/10.1001/jamanetworkopen.2020.20694
http://dx.doi.org/10.1093/ntr/ntx166
http://dx.doi.org/10.1146/annurev-publhealth-040617-013849
http://dx.doi.org/10.1136/heartjnl-2020-318150
http://dx.doi.org/10.1111/add.15439
http://dx.doi.org/10.1136/tobaccocontrol-2013-051482
http://dx.doi.org/10.1093/function/zqab004
http://dx.doi.org/10.1007/s11906-020-01119-0
http://dx.doi.org/10.1007/s11906-020-01119-0
http://dx.doi.org/10.3390/toxics9030052
http://dx.doi.org/10.1016/j.amepre.2019.03.008
http://dx.doi.org/10.1016/j.amepre.2019.03.008
http://dx.doi.org/10.1016/j.amepre.2018.11.006
http://dx.doi.org/10.1161/JAHA.119.012317
http://dx.doi.org/10.1016/j.amepre.2018.11.013
http://dx.doi.org/10.1177/2040622319877741
http://dx.doi.org/10.1177/2040622319877741
http://dx.doi.org/10.1161/JAHA.117.007602
http://dx.doi.org/10.1136/tobaccocontrol-2016-052934
http://dx.doi.org/10.1136/tobaccocontrol-2016-052934
http://dx.doi.org/10.3390/ijerph18147692
http://dx.doi.org/10.18001/trs.7.1.1
http://dx.doi.org/10.1136/tobaccocontrol-2018-054561
http://dx.doi.org/10.1097/HJH.0000000000001648
http://dx.doi.org/10.1097/HJH.0000000000001648
http://dx.doi.org/10.1111/jch.13854
http://dx.doi.org/10.1186/1472-6963-12-312
http://dx.doi.org/10.1093/acprof:oso/9780195152968.001.0001
http://dx.doi.org/10.1093/acprof:oso/9780195152968.001.0001

41 StataCorp. Stata statistical software: release 17. College Station, TX: 48 Farsalinos KE, Romagna G, Voudris V. Factors associated with dual
Stata Corp LLC, 2021. use of tobacco and electronic cigarettes: a case control study. Int J

42 Virdis A, Giannarelli C, Neves MF, et al. Cigarette smoking and Drug Policy 2015;26:595-600.
hypertension. Curr Pharm Des 2010;16:2518-25. 49 Lee PN, Fry JS, Forey BA, et al. Cigarette consumption in adult

43 Mills KT, Stefanescu A, He J. The global epidemiology of dual users of cigarettes and e-cigarettes: a review of the evidence,
hypertension. Nat Rev Nephrol 2020;16:223-37. including new results from the path study. F7000Res 20?1 ;9:630.

44 Bowman TS, Gaziano JM, Buring JE, et al. A prospective study of 50 Selya'AS,_Sh|ffman S, _Greenberg M, et al_. Dual use of cigarettes and
cigarette smoking and risk of incident hypertension in women. J Am JUUIT' tr.a]ectory and cigarette consumption. Am J Heaith Behav
Coll Cardiol 2007;50:2085-92 2021;45:464-85.

. e . . . 51 Brouwer AF, Jeon J, Hirschtick JL, et al. Transitions between

45 Ha_lpe_rln RO, Gananq JM’ Se_sso HD. Smoking and the risk cigarette, ends and dual use in adults in the path study (waves
of incident hypertension in middle-aged and older men. Am J 1-4): multistate transition modelling accounting for complex survey
Hypertens 2008;21:148-52. design. Tob Control 2020. 10.1136/tobaccocontrol-2020-055967

46 Deere BP, Ferdinand KC. Hypertension and race/ethnicity. Curr Opin [Epub ahead of print 16 Nov 2022].

Cardiol 2020;35:342-50. 52 Cahn Z, Drope J, Douglas CE, et al. Applying the population health

47 Grotto |, Huerta M, Sharabi Y. Hypertension and socioeconomic standard to the regulation of electronic nicotine delivery systems.
status. Curr Opin Cardiol 2008;23:335-9. Nicotine Tob Res 2021;23:780-9.

10 Cook S, et al. BMJ Open 2023;13:6062297. doi:10.1136/bmjopen-2022-062297


http://dx.doi.org/10.2174/138161210792062920
http://dx.doi.org/10.1038/s41581-019-0244-2
http://dx.doi.org/10.1016/j.jacc.2007.08.017
http://dx.doi.org/10.1016/j.jacc.2007.08.017
http://dx.doi.org/10.1038/ajh.2007.36
http://dx.doi.org/10.1038/ajh.2007.36
http://dx.doi.org/10.1097/HCO.0000000000000742
http://dx.doi.org/10.1097/HCO.0000000000000742
http://dx.doi.org/10.1097/HCO.0b013e3283021c70
http://dx.doi.org/10.1016/j.drugpo.2015.01.006
http://dx.doi.org/10.1016/j.drugpo.2015.01.006
http://dx.doi.org/10.12688/f1000research.24589.2
http://dx.doi.org/10.5993/AJHB.45.3.5
http://dx.doi.org/10.1136/tobaccocontrol-2020-055967
http://dx.doi.org/10.1093/ntr/ntaa190

	Time-­varying association between cigarette and ENDS use on incident hypertension among US adults: a prospective longitudinal study
	Abstract
	Introduction﻿﻿
	Methods
	Data
	Patient and public involvement
	Self-reported hypertension
	Cigarette/ENDS exposure variable
	Covariates
	Statistical analysis

	Results
	Sensitivity analyses

	Discussion
	Limitations

	Conclusions
	References


