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Pattern of bronchodilator treatments
By medication classes®, %
Oral xanthines 62.63
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Top 10 causes of death globally 2016

Ischaemic heart disease
Stroke
Chronic obstructive pulmonary disease I 3.041
Lower respiratory infections IEEE—————_ ? 057
Alzheimer disease and other dementias IEE——— 8 1.092
Trachea, bronchus, lung cancers ——— 8 1.708
Diabetes mellitus n— 8 1 599
Road injury 1402
Diarroeal disease mm———u 1. 383
Tuberculosis m——— 1293

5.781

Cause of death

0 1 2 3 4 5 6 7 8
F 4L %k © WHO, The top 10 causes of death, 2018 Deaths in millions
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Global, Males, All ages, 2017
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Malnutrition

. HIV/AIDS & STls

Respiratory infections & TB
Enteric infections

INTDS & malaria

Jother infectious

Dietary risks

‘ IMaternal & neonatal
High blood pressure . . .
[ Nutritional deficiencies
High fasting plasma glucose - ‘ I Neoplasms
Cardiovascular diseases
Alcohol use + - I- Chronic respiratory
Air pollution - Iggestlve diseases
INeuroIogicaI disorders
High body-mass index - I I I Mental disorders

Substance use

High LDL 4 Diabetes & CKD
Skin di
Occupational risks -. _ .
ISense organ diseases
WaSH — I Musculoskeletal disorders

IOther non-communicable
Transport injuries

I . Unintentional inj
Drug use K
I self-harm & viclence

Unsafe sex

Impaired kidney function —

Other environmental I
Low physical activity -
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Childhood maltreatment I
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Kaplan—Meier survival curves for COPD patients in the quitting-smoking group (n=92; 40 deaths) and
confinuing-smoking group (n=112: 73 deaths).

Notes: Patients in the quitting-smoking group had lower survival than those in the continuing-smoking
group. There was a significant difference between the two groups (log-rank test, 13.59; P=0.0002).

4L %k o Bai JW, Chen XX, Liu S, Yu L, Xu JF.(2017) Smoking cessation affects the natural history of COPD. International E
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Figure 2 COPD severity at initial spirometry-confirmed diagnosis in patients with
COPD of Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage |
or higher (n = 366).

7 kR : Mapel DW, Dalal AA, Blanchette CM, Petersen H, Ferguson GT.(2011). Severity of COPD at initial spirometry-confirmed
diagnosis: data from medical charts and administrative claims. International Journal of COPD, 6: 573-581.
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All Causes COPD
RR (95% CI) RR (95% CI)

Men
Cigarettes per Day
=10 221 (2.09,2.33) 1970 (15.79, 24.58)
10-19 260 (248 2.71) 2259 (18.49,27.61)
20-39 333 (3.19,3.48) 3229 (26.51,39.32)
40+ 408 (368 452) 3340 (22 77 49.00)
P trend = 0001 = 0001
Women
Cigarettes per Day
<10 227 (2.19,2.36) 1930 (16.40,22.71)
10-19 269 (258 2.80) 1981 (l6.66,23.57)
20-39 348 (3.30,3.67) 3093 (25.63,37.32)
40+ 441 (3.70.5.25) 3999 (2416, 66.21)
| Pirend <.0001 <.0001 |

Relative Risks of Mortality among Current Smokers, According to Number of Cigarettes Smoked per Day

T kR ¢ THUN, et al. New England Journal of Medicine, 2013, 368.4: 351-364
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m The rates are higher for men than for women except in never smokers.

m A dose response relationship between increasing smoking intensity and
lung cancer incidence rates.

Age-Standardized Incidence Rates of Lung Cancer ] Me
49.2 M wWo

33.1| 349
30.6
221
189 4177
9.4 10.2
6.3
N H
[

Heavy Reducers Light Cluitters Ex-Smokers MNe
Smokers Smokers S

Smoking Groups

7 kiR ¢ Godtfredsen et al, Jama, 2005, 294.12: 1505-1510
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All causes <0.001 <0.001
Mormal-weight smoker 1.00 1.00
Overweight ex-smoker 0.67 (0,59 to 0.76) 0.74 (065 1o 0.84)
Obese ex-smoker 0.74 (064 to 0.85) 0.74 (0.64 to 0.85)
All cancers combined <0.00 <0.001
Normal-weight smoker 1.00 1.00
Owverweight ex-smoker 0.67 (0,53 to 0.84) 0.71 (0.56 1o 0.89)
Obese ex-smoker 0.53 (0.41 to 0.70) 0.54 (0.41 0 0.71)
Lung cancer <0.001 =0.001
Normal-weight smoker 1.00 1.00
Overweight ex-smoker 0.39 (0.27 to 0.56) 0.41 (0.28 to 0.58)
Obese ex-smoker 0.22 (0,14 10 0.32) 0.21 (0.14 10 0.32)
Respiratory diseases =0.001 0.002
Normal-weight smoker 1.00 1.00
Overweight ex-smoker 0.48 (0.34 to 0.69) 0.56 (0.29 to 0.80)
Obese ex-smoker 0.62 (0.44 10 0.86) 0.64 (0.46 1o 0.90)
" Cardiovascular diseases 0,001 UER
Normal-weight smaoker 1.00 1.00
Overweight ex-smoker 0.67 (0.55 to 0.83) 0.74 (0.60 to 0.91)
Obese ex-smoker 0.81 (064 to 1.01) 0.79 (0.63 to 0.99)
Diabetes mellitus 0.051 0.269
Normal-weight smaoker 1.00 1.00
Overweight ex-smoker 1.15 (0,60 to 2.19) 1.29 (0,69 to 2.44)

Obese ex-smoker

1.98 (1.02 to 3.83)

1.78 (0.87 to 3.63)

*Adjusted for age, marital status, acefethnicity, nativity, education, poverty status, home ownership and region of residence,

7% kiR - Siahpush,et al, Tobacco Control, 2014, 23.5: 395-402
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Normal-weight smoker 1.00 1.00
Overweight ex-smoker 0.47 (0.42 to 0.52) 0.59 (0.53 to 0.66)
Obese ex-smoker 0.52 (0.46 to 0.59) 0.63 (0.56 to 0.72)
Il cancers combined =0.001 =0.00
Normal-weight smaker 1.00 1.00
Overweight ex-smoker 0.42 (0.35 to 0.51) 0.49 (0.41 to 0.60)
Qbese cismoker 0203410052 042 03810.059)
ung cancer <0.001 <0.00
Normal-weight smoker 1.00 1.00
Overweight ex-smoker 0.25 (0.19 to 0.33) 0.30 (0.22 to 0.39)
Obese ex-smoker 0.22 (0.15 to 0.31) 0.25 (.17 to 0.35)
espiratory diseases =0.0M <0.00
MNormal-weight smoker 1.00 1.00
Overweight ex-smoker 0.29 (0.22 to 0.40) 0.35 (0.25 to 0.48)
Obese ex-smoken 0.30 (0.21 to 0.43) 0.35 (0.24 to 0.50)
_aiogasgular diseases <0001 000
Normal-weight smoker 1.00 1.00
Overweight ex-smoker 0.57 (0.48 to 0.68) 0.75 (0.62 to 0.90)
Obese ex-smoker 0.67 (0.56 to 0.82) 0.85 (0.70 to 1.04)
iabetes mellitus 0,00 0.01
Mormal-weight smoker 1.00 1.00

Dverweight ex-smoker
Dbese ex-smoker

0.69 (0.36 to 1.30)
1.41 (0.75 to 2.63)

1.04 (0,53 to 2.02)
1.98 (1.04 to 3.76)

*Adiusted for age. marital status, race/ethnicity, nativity, education. poverty status, home ownership and reaion of residence.

7o kR Siahpush,et al, Tobacco Control, 2014, 23.5: 395-402
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18145 Chronic Diseases

& Stroke
ZcHABlindness
#hECancers

FERSE

Gum infection
gasL¥aHead or Neck

ESHARRERE

Aortic rupture
BfLung

CBER

Heart disease
Mm#ZELeukemia

Bz

Pneumonia

1S Ab A B s
Chronic lung

EKidney
disease & asthma

B Stomach
MmEFEL
f#&B#Pancreas Hardening of
the arteries
K BSColon
FERkBladder E£ETER
Reduced fertility
FE=F8Cervix
EERABI BT Hip fracture
%W - Vital signs—tobacco use, Sep 2010, CDC. at: http:/ cdc. italss i isk.html
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CHILDREN ADULTS
Stroke
Middle ear disease Nasal irritation
20-30%
Respiratory symptoms,
impaired lung function Lung Cancer
2 Coronary heart disease
Lower respiratory
iliness

25-30%

Sudden infant
death syndrome Reproductive
effects in women:

low birth weight

F L kiR :U.S. Department of Health and Human Services. Let’s Make the Next Generation Tobacco-Free: Your Guide to the 50th Anniversary
Surgeon General’s Report on Smoking and Health
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PROTECTING CHILDREN FROM THE ENVIRONMENT

LRI LR B LEF EETIERY
IR it T L A%

570 ooo %_ ,i{ Respiratory infections,
L ) deaths including pneumonia

360,000 deaths g Diarrhoea

270,000 deaths

Neonatal conditions,
including prematurity

200,000 deaths Unintentional injuries,

such as burns, drowning

World _Heajth Reducing environmental risks could
Organization prevent a quarter of these deaths.
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o CANCER-CAUSING
VOLATILE CHEMICALS
ORGANIC

COMPOUNDS
ULTRAFINE HEAVY METALS SUCH AS
PARTICLES NICKEL, TIN, AND LEAD
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FLAVORING SUCH AS DIACETYL,
A CHEMICAL LINKED TO
A SERIOUS LUNG DISEASE

BRI Ehttps://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e-
cigarettes.html )
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1&g T 1R KTERH (Popcorn Lung) .
Chemicals Linked to 'Popcorn Lung' Found in Flavored E-

cigarettes ERT AV HREN TR DA ] il
(© Tue, 12/29/2015 - 1:59pm - R O] 5| TR/ - BEREAIEEA
‘ by Lauren Scrudato, Associate Editor [ﬁA/L,\glﬁé Eﬂfﬁﬁﬂrr {%/_\EE{Q*%

= (= =5 ML o
B4 Get daily news for laboratory professionals - Sign up now! L\;K Hfﬁ 4 E/\J Bﬂ%lf&l"miﬂ%‘x

A recent study published by Harvard researchers reported
that diacetyl, a flavoring chemical linked to cases of severe
respiratory disease, has been found in a variety of electronic
cigarettes and refill liquids.

Diacetyl first popped up on the radar about a decade ago
after signs of bronchiolitis obliterans. commonly known as
“Popcom Lung” began appearing in individuals who were
exposed to the compound while working in microwave
popcom processing plants. Diacetyl is used to enhance the
flavor of artificial butter in popcomn, but it is also used as a
flavoring in certain alcohols — and now e-cigarettes.

Source:
Allen JG et al. Flavoring Chemicals in E-Cigarettes: Diacetyl, 2,3-Pentanedione, and Acetoin in a Sample of 51 Products, Including FrU|t Candy and Cocktail-
Flavored E-Cigarettes. Environ Health Perspect. 2016 Jun;124(6):733-9. https://www.ncbi.nlm.nih.gov/pubmed/26642857
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https://www.ncbi.nlm.nih.gov/pubmed/26642857

FIGURE 1. Computerized tomography images showing diffuse
infiltrates in three patients with e-cigarette-associated severe
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( AELP:Acute Exogenous Lipiod Pneumonla)
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FIGURE 2. Microscopy of a bronchoalveolar lavage sample (Papanicolaou stain [A]* and oil red O stain [B]f) from a patient with acute lung
injury associated with vaping — North Carolina, July-August 2019
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* Papanicolaou stain demonstrating alveolar macrophages laden with vacuoles.
1 Oil red O stain showing lipid deposits staining red (400x magnification).

MMWR. September 13, 2019 / 68(36);784—786.
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A Section 508-conformant HTML version of this article .
is available at http://dx.doi.org/10.1289/ehp.1510185. ResearCh

Flavoring Chemicals in E-Cigarettes: Diacetyl, 2,3-Pentanedione, and Acetoin
in a Sample of 51 Products, Including Fruit-, Candy-, and Cocktail-Flavored
E-Cigarettes

Joseph G. Allen, Skye S. Flanigan, Mallory LeBlanc, Jose Vallarino, Piers MacNaughton, James H. Stewart, and
David C. Christiani

Harvard T.H. Chan School of Public Health, Boston, Massachusetts, USA

(FDA 2015). In May 2000, eight persons

BACKGROUND: There are > 7,000 e-cigarette flavors currently marketed. Flavoring chemicals gained
notoriety in the early 2000s when inhalation exposure of the flavoring chemical diacetyl was found
to be associated with a disease that became known as “popcorn lung.” There has been limited
research on flavoring chemicals in e-cigarettes.

OBJECTIVE: We aimed to determine if the flavoring chemical diacetyl and two other high-priority
flavoring chemicals, 2,3-pentanedione and acetoin, are present in a convenience sample of flavored
e-cigarettes.

METHODS: We selected 51 types of flavored e-cigarettes sold by leading e-cigarette brands and
flavors we deemed were appealing to youth. E-cigarette contents were fully discharged and the

air stream was captured and analyzed for total mass of diacetyl, 2,3-pentanedione, and acetoin,
according to OSHA method 1012.

RESULTS: At least one flavoring chemical was detected in 47 of 51 unique flavors tested. Diacetyl
was detected above the laboratory limit of detection in 39 of the 51 flavors tested, ranging from
below the limit of quantification to 239 pg/e-cigarette. 2,3-Pentanedione and acetoin were detected
in 23 and 46 of the 51 flavors tested at concentrations up to 64 and 529 o/e-cigarette, respectively.

and industrial hygiene exposure measure-
ments (including grab samples, use of direct

' reading instruments, and full shift samples).
CITATION: Allen JG, Flanigan SS, LeBlanc M, Vallanno] MacNaughton P, Stewart JH, NIOSH determined that workers at this
Christiani DC. 2016. Flavoring chemicals in e-cigarettes: diacetyl, 2,3-pentanedione, and acetoin in
a sample of 51 products, including fruit-, candy-, and cocktail-flavored e-cigarettes. Environ Health
Perspect 124:733-739; http://dx.doi.org/10.1289/ehp.1510185

plant had > 2 times the expected rates of
chronic cough, shortness of breath, asthma,
and chronic bronchitis, and nonsmokers
had > 10 times the expected prevalence of

FAL ki :Allen JG, Flanigan SS, LeBlanc M, Vallarino J, MacNaughton P, Stewart JH, Christiani DC. Flavoring
Chemicals in E-Cigarettes: Diacetyl, 2, 3-Pentanedione, and Acetoin in a Sample of 51 Products, Including Fruit-
, Candy-, and Cocktail-Flavored E-Cigarettes. Environ Health Perspect. 2016 Jun;124(6):7339.

~ https://wwi.ncbi.nlm. nih. gov/pue/articles/PCA892929/ e BEERRES W
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ORIGINAL ARTICLE

Chronic electronic cigarette exposure in mice induces
features of COPD in a nicotine-dependent manner
ltsaso Garcia-Arcos,"? Patrick Geraghty,> Nathalie Baumlin,? Michael Campos,

Abdoulaye Jules Dabo,"? Bakr Jundi,* Neville Cummins,® Edward Eden,’
Astrid Grosche,® Matthias Salathe,® Robert Foronjy'?

ABSTRACT
Background The use of electronic (e)-cigarettes is

(http:¥dx.doi.org/10.1136/
thoraxjni-2015-208039).
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increasing rapidly, but their lung health effects are not
established. Clinical studies examining the potential
long-term impact of e-cigarette use on lung health will
take decades. To address this gap in knowledge, this
study investigated the effects of exposure to aerosolised
nicotine-free and nicotine-containing e-cigarette fluid on
mouse lungs and normal human airway epithelial cells.
Methods Mice were exposed to aerosolised
phosphate-buffered saline, nicotine-free or nicotine-
containing e-cigarette solution, 1-hour daily for

4 months. Normal human bronchial epithelial (NHBE)

increased airway hyper-reactivity, distal airspace
enlargement, mucin production, cytokine and protease
expression. Exposure to nicotine-free e-cigarettes did not
affect these lung parameters. NHBE cells exposed to
nicotine-containing e-cigarette vapour showed impaired
ciliary beat frequency, airway surface liquid volume, cystic
fibrosis transmembrane regulator and ATP-stimulated

K+ ion conductance and decreased expression of FOXJ1
and KCNMA1. Exposure of NHBE cells to nicotine for

Conclusions Exposure to inh nicotine-containing
e-cigarette fluids triggered effects normally associated
with the development of COPD including cytokine
expression, airway hyper-reactivity and lung tissue
destruction. These effects were nicotine-dependent both
in the mouse lung and in human airway cells,
suggesting that inhaled nicotine contributes to airway
and lung disease in addition to its addictive properties.
Thus, these findings highlight the potential dangers of
nicotine inhalation during e-cigarette use.

What is the key question?
» What are the pulmonary consequences of
electronic (e)-cigarette inhalation?

What is the bottom line?

» These findings show that the inhalation of
nicotine present in e-cigarettes alters
inflammation, ion conductance and mucociliary
function in human bronchial epithelial cells and

health effects of e-cigarettes and also
implicates nicotine as a causative factor at the
onset and progression of COPD.

19% of the population continues to smoke.’
Though nicotine replacement therapy (NRT) helps,
nearly 93% of smokers will relapse despite NRT
within 6 months of quitting.” Given these difficul-
ties with smoking cessation and the enormous
public health burden imposed by COPD, some
healthcare advocates have argued that electronic
(e)-cigarettes are a safer alternative for those indivi-
duals who cannort quit.”

e-Cigarettes are devices that effectively deliver
vaporised liquid nicotine to the lungs. The user can
choose the nicotine concentration of e-cigarette
liquid (e-liquid) that is loaded into the device’s
cartridge. When the user inhales, the e-liquid, pri-
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Table 2

Medical symptoms and conditions by product use, N = 34.279.

Neither E-cigarette Use Only Cigarette Use Only Dual Use p-value p—value*
unadjusted adjusted—
N (mean or %) N (mean or %) N (mean or %) N (mean or %)

General health score 36.506 (3.8 588 (3.5 1626 (3.4 480 (3.3 < 0001 < 0001
Breathing daﬂicum-'past month 31,909 (1.3) 483(1.4) 1273 (1.6) 365(1.6) = .0001 < 0001
Chest pain 10.730 (32.9%) 232 (47.3%) 685 (52.0%) 197 (51.7%) <0001 < 0001
Palpitations 14.477 (44.5%) 266 (55.3%) 721 (54.8%) 211 (55.5%) < 0001 .002
Lost consciousness’ svncope 4.582 (14.1%) 413 (13.7%) 1119 (15.0%) 309 (18.7% 01 .06
High blood pressure 02
High cholesterol .29
Diabetes 02
Coronary artery disease < 0001
Heart attack 67
Blocked arteries in the legs 34
Blood clots 1.104 (3.4%) 19 (3.9%) 43 (3.3%) 9 (2.3%) 47 .58
Congestive heart failure 1.303 (4.0%) 16 (3.2%) 89 (6.7%) 24 (6.2%) < 0001 .09
Stroke 1,218 (3.7%) 13 (2.6%) 77 (5.8%) 20 (5.2%) 0004 53
Enlarged heart 1,330 (4.1%) 20 (4.1%) 68 (5.1%) 13 (3.4%) 32 23
Atrial fibrillation 2.732 (8.4%) 20(4.1%) 108 (8.2%) 20 (5.3%) .03 91
Arrhythmia 4.444 (13.8%) 74 (15.1%) 183 (14.2%) 66 (17.8%) .08 03

Sleep apnea 4,260 (13.3%) 75 (15.8%) 195 (15.4%) 63 (17.2%) 002 58
“OPD 1,200 (3.7%) 33 (6.7%) 146 (11.0%) 47 (12.2%) ]

3.356 (10.3%) 81 (16.5%) 195 (14.7%) 69 (17.9%)

Cardiac arrest 697 (2.1%) 7 (1.4%) 50 (3.8%) 18 (4.7%) < .0001 39

* Adjusted models included age, sex. race, education. cigarettes per day. coronary artery disease, congestive heart failure, and COPD

FH Kk : Wang, J. B., Olgin, J. E., Nah, G., Vittinghoff, E., Cataldo, J. K., Pletcher, M. J., & Marcus, G. M. (2018_).0.Cigarette and e-cigarette
dual use and risk of cardiopulmonary symptoms in the Health eHeart Study. PloS one, 13(7), e0198681.
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Table 3. of multiple logistic reg yses for each potential confounder on the effect of EC on asthma.
Models Total No.(%) I Asthma
No. (n=674) 1 OR (95% C1)
Model 1
Never EC 31313 530(1.7) 1
Former EC 2078 a6(2.2) 1.32(0.97-1.78)
Current EC 2513 98(3.9) 236(1.89-2.04)**
Model 2
Never EC 31313 530(1.7) 1 o -
Former EC 2078 48(2.2) 1.19(0.87-1.61) E_‘ ]g] rg \:l ’:" fé * 'g: -:j)-
Current EC 2513 98(3.9) 209(1.67-262)*** —
Model 3 '
Never EC 31313 530(1.7) 1 ‘}'ﬁt _.'2'? V:-‘;_T—'r‘:[v"u' F&g Hﬁl" ,‘4’ }"‘3
Fomer EC 2078 48(2.2) 1.31(0.97-1.78)
Om:msc 2513 98(3.9) 2.36(1.89-2.83)*** _4‘: ’ T' a) _;;‘ E%-é‘ m
Never EC 31313 530(1.7) 1 ” D :— ;
Former EC 2078 46(22) 1.31(0.96-1.77) =z ;P_ - i AT
Current EC 2513 98(3.9) 2.26(1.81-2.82)*** *j‘pl’ﬂJ [ﬂ‘i ©m L ﬁ' >
Model 5
Never EC 31313 530(1.7) 1 % A% I o
Former EC 2078 48(2.2) 1.33(0.97-1.82) P }“
Current EC 2513 98(3.9) 233(1.85-2.83)"* o + 1 3 H 7
Model 2 = Ji
umarec 31313 530(1.7) 1 P Z\’ Fl lé * LS = ﬁ‘:
Fommer EC 2078 46(2.2) 1.27(0.94-1.73) y m g é}; ‘%
Current EC 2513 98(3.9) 225(1.80-2.80)*** }l
Model 7
Never EC 31313 530(1.7) 1
Former EC 2078 46(2.2) 1.35(0.99-1.83)
Current EC 2513 98(3.9) 235(1.89-2.83)***
Model 8
Never EC 31313 530(1.7) 1
Fomer EC 2078 46(2.2) 1.31(0.96-1.78)
Current EC 2513 98(3.9) 2.36(1.89-2.05)*"*
Model 9
Never EC 31313 530(1.7) 1
Fomer EC 2078 48(22) 1.07(0.76-1.50)
Current EC 2513 98(3.9) 1.73(1.28-2.39)***
Model 1; unadjusted

Model 2; adjusted for gender cnly
Model 3; adjusted for city size only
Model &; adjusted for multi-cultural family status ondy

Model 5; adjusted for overweight status only :EF#—'X/)ET :Cho, J. H., & Paik, S. Y. (2016). Association
mgmm’;ﬂ”m‘mm 0.8 hiome oty between electronic cigarette use and asthma among high
Ma;mjmmmmn:mgmmy school students in South Korea. PloS one, 11(3),

Model 9; adjusted for CC smoking only e0151022.

" p<0.001.

Goi:10.1371journal pore 0151022003
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repawr and healmg However, sustained activation of THPAL and persistent milammatory
neuronal shmmlation may exacerbate chronie respiratory conditions including asthma [114].
Eecently, Caceras and colleagues demonstrated that genetic ablation of TR PA] 1n mice
inhibats allergen-induced leukocyte infilration in the aorways, reduces proinflammatory
cytokine release and mucus produchion, and almost completely abolizhes aurway
byperreactmnty to contractle shmuh [122]. Purthermore, phammacological mbition of
TEFAI recapitulated the response i wild-fype mice. Common e-cig flavonng agents,
meluding cinnamaldehyde (eimnamon). cannabidiol {cannabis cil). hinzlool (floral/spicy
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A recent study of eigarette smoking among adults with asthma exacerbations reports that
one m three emergency department patients with asthma are current smokers [129] and
asthmatic smokers often have more severe symptoms, accelerated decrements in lung
function, and mpaired short-term therapeutic response to corficosteroids [130]. Whale
ceszation should be strongly encowraged mm asthmatics who smoke, 1f 13 unclear whether
substituting e-c1gs for cigarettes 13 2 unrversally safer option. There 15 a yjustifiable concem
that any broad statement promoting e-c1z safety may be unfounded considenng the lack of
inhalational toxicity data on the vast majonty of the constituents in e-cigs. This 1=
particularly true for individuals with existing lung disease such as asthma. Based on the
Limated data for the health effects of e-cizg use in the context of asthma, we 1dentify several
) . Ein 1%

ydussnue |y Joyiny

Many adolescents with asthma hold a positive view of e-cigs, and the prevalence
of e-cig usage 15 greater in adolescent asthmatics as compared to non-asthmaties.

. Cwrent e-cig devices are capable of pyrobyzmg e-liqgmds resulting in thermal
degradation on constituents and the generation of known respiratory toxicants
such as acrolein, formaldehyde, and acetaldehyde.

. Micotine exposure during pregnancy mayv induce epigenetic alterations, disrupt
developmental signaling pathwavs necessary for normal fetal ling development,
and play a rele m multigenerational transmission of asthma.

T %k :Clapp, P. W., & Jaspers, I.
(2017). Electronic cigarettes: their
constituents and potential links to
asthma. Current allergy and asthma
reports, 17(11), T79.
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Electronic cigarette use among adults with asthma: 2014-2017 National Health Interview Survey.

Deshpande M1, Bromann 82, Arnoldi J2.
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Abstract
BACKGROUND: Electronic cigarette (e-cigarette) use has increased dramatically in the United States among adults and adolescents.

Patients with asthma may be most vulnerable to the chemical components of e-cigarettes as they may be a potential asthma trigger.
OBJECTIVE: To assess the prevalence of e-cigarette use among adult asthmatics and to evaluate the factors associated with e-cigarette use.

METHODS: This was a retrospective, cross-sectional study that used data from the 2014-2017 National Health Interview Survey (NHIS)
database. The study sample included current asthmatics who were 18-85 years old. The outcome variable was ever use of an e-cigarette
(Yes/No). The Andersen Behavioral Model of Health Services Utilization was used to identify independent variables with the potential to
influence the patient's ated with e-cigarette

A % -2 s 4 = /2
use were assessed U é} ’{ ]% )}" "‘q:, ‘{ ﬁt ) 0%} > ITU : used to account for
/ —

the complex survey d

RESULTS: The study|
20% of males and 20
year old age group increased the most from 20

e-cigarette. About
se among the 18-24
3% to 29 1%. Curren smokers were more likely to have tried e-cigarettes than former/never

smokers (18-24 years OR: 11.5 Cl: 7.4-18.0). This trend was significant among all age groups. Non-Hispanic Blacks were less likely to have
tried e-agarettes than non- Hlspanlc Whites (50-64 years OR: 0.34 CI: 0.22-0.52).

Copyright © 2019 Elsevier Inc. All rights reserved.
KEYWORDS: Adulis; Andersen model; Asthma; E-cigarette; Electronic cigaretie; NHIS

T4 %k : Deshpande, M., Bromann, S., & Arnoldi, J. (2019). Electronic cigarette use among adults with asthma: 2014-2017 National Health
Interview Survey. Research in Social and Administrative Pharmacy.
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Rev Invest Clin. 2019;71:17-27 IN-DEPTH REVIEW

RESPIRATORY IMPACT OF ELECTRONIC
CIGARETTES AND “LOW-RISK” TOBACCO

ABSTRACT

Electronic cigarettes, handheld devices that generate an aerosol that may contain nicotine by heating a solution or e-liquid, have
been increasingly used especially in the young population. The aerosol's composition is determined by temperature, and by the
substances contained in the heated liquid: glycerin, propylene glycol, nicotine in variable concentrations, flavoring agents, and
other non-nicotine compounds. >80 compounds (including known toxics, e.g., formaldehyde, acetaldehyde, metallic nanopar-
ticles, and acrolein) have been found in e-liquid and aerosols. Airway irritation, mucus hypersecretion, and inflammatory response,
including systemic changes, have been observed after the exposure to e-cigarettes, leading to an increase in respiratory symp-

toms and changes in respiratory function and the host defense mechanisms. -CIE&I’EHE has been linked with an increase of
symptoms in individuals with asthma, cystic fibrosis, and chronic obstructive . One of the major concerns in

public health is the rise in e-clﬁarette exeerlmentatlun among never-smokers, ESEEEia"z children and adolescents, which leads
to nicotine addiction_and increases_the chances of becoming with time a_conventional smoker. There is an urgent need to

regulate e-cigarettes and electronic nicotine delivery systems, at least with the same restrictions to those applied to tobacco
products, and not to consider them as harmless products. (REV INVEST CLIN. 2019;71:17-27)

Key words: Chronic obstructive pulmonary disease. Tobacco. E-cigarettes. Lung health.

Rev Invest Clin, 2019 71(1), 17-27. doi:10.24875/RIC. 18002616 3




Table 1. Components of e-cigarettes and potential damage.

Components Potential damage

Metal material Batteries and heating element: nichrome wire Carcinogen, respiratory, and reproductive toxicant;
(80% nickel, 20% chrome), kanthal, iron, respiratory disease and autoimmune dysfunction.
chromium, aluminum, ceramic, silica.

E-liquids Nicotine Concentrations range from 0 to 50 mg/mL.
Impair antibacterial defense, alter macrophage
activation.

Pyrolysis of blanks: one or mixture solvent Mixture PG/VG produced more ROS than either
(PG or VG) alone resulting in inflammation, cytotoxicity, and
increased endothelial cell permeability.
Flavorings (tobacco, menthol, candy, beverage “Primary irritants”
themed) Cinnamon increases cytokine IL-8

D: dendritic cell, BV: blood vessel, SM: smooth muscle, Mt: mitochondria.

Diacetyl: bronchiolitis obliterans
Not all have been tested for safety when inhaled.

Aerosol TSNAs, NNN Potent carcinogens
Acrolein Increase risk of lung cancer, asthma, COPD.
Glycidol Probable carcinogen
Formaldehyde Epithelial response and increasing mucin secretion
VOCs Irritation, headaches, organ damage
PAHs Carcinogens

PG: propylene glycol, VG: vegetable glycerin, ROS: reactive oxygen species, TSNAs: tobacco-specific nitrosamines, NNN: N-nitrosonornicotine,
COPD: chronic obstructive pulmonary disease, VOCs: volatile organic compounds, PAHs: polycyclic aromatic hydrocarbons.

Rev Invest Clin, 2019 71(1), 17-27. doi:10.24875/RIC. 18002616
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smokers®®. Use of e-cigarette was associated with
higher odds of asthma symptoms, considering ciga-
rette smoking and marijuana use®®. Adolescents with
asthma or CF who use e-ciEarettes Were more Iikelz
to have respiratory symptoms and exacerbations!8:64,
Common flavoring agents in e-cigarettes are recog-
nized as "Erimar}: irritants” of mucosal tissue of the
respiratory tract; airway irritants and sensitizers have
been reported to cause occupational asthma®.

In patients with COPD, the use of e-cigarettes has
been associated with more cough and phlegm, more
Xac 10 n ssIbly a re rapl cline’1
lung function, even after adjusting for tobacco smok-

ing and age’°,

Rev Invest Clin, 2019 71(1), 17-27. doi:10.24875/RIC. 18002616
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Cardiovascular risk of electronic cigarettes:
a review of preclinical and clinical studies

Abstract Cigarette smoking is the most preventable risk factor related to cardiovascular morbidity and mortality. Tobacco
usage has declined in recent years; however, the use of alternative nicotine delivery methods, particularly e-ciga-
rettes, has increased exponentially despite limited data on their short- and long-term safety and efficacy. Due to
their unique properties, the impact of e-cigarettes on cardiovascular physiology is not fully known. Here, we sum-
marize both preclinical and clinical data extracted from short- and long-term studies on the cardiovascular effects
of e-cigarette use. Current findings support that e-cigarettes are not a harm-free alternative to tobacco smoke.
However, the data are primarily derived from acute studies. The impact of chronic e-cigarette exposure is essen-
tially unstudied. To explore the uniqueness of e-cigarettes, we contemplate the cardiovascular effects of individual
e-cigarette constituents. Overall, data suggest that exposure to e-cigarettes could be a potential cardiovascular
health concern. Further preclinical research and randomized trials are needed to expand basic and clinical investiga-
tions before considering e-cigarettes safe alternatives to conventional cigarettes.

Keywords Electronic cigarette e Cardiovascular disease e Nicotine ® Aerosol e Smoking e Toxicity

Eur J Prev Cardiol, 2019 26(11), 1219-1228. d0i:10.1177/2047487319832975
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Cardiovascular risk of electronic cigarettes:

E-Cigarette aerosol inhalation

Nicotine Particulate matter
Carbonyl compounds

| | |

Arrhythmia Atherogenesis Inflammation
Myocardial remodeling Endothelial dysfunction Oxidative stress
Altered hemodynamics Thrombogenesis Altered hemodynamics

Altered hemodynamics Thrombogenesis
Mitochondrial damage
Apoptosis

% Cardiovascular disease burden

Figure | Potential adverse cardiovascular effects induced by various
constituents of e-cigarette aerosol.

Eur J Prev Cardiol, 2019 26(11), 1219-1228. d0i:10.1177/2047487319832975

a review of preclinical and clinical studies

E-Cigarette aerosol

™

Autonomic effects

Lung inflammation Translocation into
and ROS production blood stream

p
\5

Endothelial dysfunction Sympathetic predominance
Systemic inflammation Hemodynamic alteration
T Platelet activity
1 Arterial stiffness
T Oxidative stress

[ tcVdysfunction | dysfu [ tcVdysfunction |

‘CVD risk

Figure 2 Mechanisms of e-cigarette induced cardiovascular
dysfunction.
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Rapid Brain Nicotine Uptake from Electronic Cigarettes

Conclusion:

E-cigs can deliver nicotine to the
brain with rapidity as C-cigs.
Therefore, to the extent that rapid
brain uptake promotes similar
smoking reward, ecigarettes might
maintain a degree of nicotine
dependence and also serve as non-
combustible substitutes for
cigarettes.

E-cig minus C-cig

J Nucl Med. 2019 doi:10.2967/jnumed.119.230748
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Epithelia

Fibroblasts

Smooth muscle

Neuron

Dendritic cells Neutrophils Macrophages

Endothelia

O 0 » . O ds O . L‘\m pé’ ‘/"":ﬁ, lri l
Tissue/cell type
(1) Epithelia 1 Cytotoxicity®'l, { Cell viabilityl®'], 1 Inflammation®*159]  finfectionl'5?]

wrE sl

(2) Fibroblasts 1 Cytotoxicity! %94 | Cell viability!'%4, Altered morphology!®*]

(3) Inflammatory cells (BALF) | 1Macrophages''*?), 1Cytokine secretion/®'], 1 Infectionl'5%!

-\, 4 T
(4) Endothelia { Cell viabilityl'3®,  Electrical resistance('33 }oi; 7j1l‘ )k éE

FTAL kK :Rowell, T. R., & Tarran, R. (2015). Will chronic e-cigarette use cause lung disease?. American
Journal of Physiology-Lung Cellular and Molecular Physiology, 309(12), L1398-L1409.
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Cytokines (IL-6,

ﬁ/;rﬁ-defensinsf IL-8, IL-1B, etc.)
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T %k : Kaur, G., Pinkston, R., Mclemore, B., Dorsey, W. C., & Batra, S. (2018). Immunological and
toxicological risk assessment of e-cigarettes. European Respiratory Review, 27(147), 170119.
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BB Clapp, P. W., & Jaspers, I.
(2017). Electronic cigarettes: their
constituents and potential links to
asthma. Current allergy and asthma
reports, 17(11), 79.
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Overall Effects on the Lung:
» Decreased exhaled nitric oxide (89, 127)
* Development of respiratory symptoms in adolescents (30, 93, 130)

« Cytotoxicity and increased lung weight (26, 61, 113)

: Effects on Airway Physiology:
* Airway hyperreactivity (81)
* Increased airway resistance (49, 127)

Effects on Host-Defense:
* Downregulation of host-defense genes (91)

* Decreased antimicrobial activity (121, 137)
* Increased resistance of bacteria to host antimicrobial factors (62)

leo
Y | \ \
. ‘ -
Effects on Alveolar Compartment
* Decreased alveolar development (94)
* High levels of particle deposition (84)
* Increased levels of necrosis and cytotoxicity (26, 62, 97)
I
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7 #L:Chun, L. F., Moazed, F.,, Calfee, C. S., Matthay, M. A., & Gotts, J. E. (2017). Pulmonary toxicity of e-
cigarettes. American Journal of Physiology-Lung Cellular and Molecular Physiology, 313(2), L193-L206.
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TABLE 2 | (Continued)

No. Reported Past-Year Asthma
Characteristic Attacks (Weighted %) aOR (95% CI)
Ever, noncurrent use 377 (20.6) 1.01 (0.81-1.25)
Current use 336 (22.6) 0.90 (0.71-1.15)
Undetermined 25 (17.9) 0.84 (0.42-1.69)
Exposed to secondhand smoke
Yes 1,410 (23.7) 1.19 (1.05-1.35)°
No 1,163 (18.8) 1.00
Exposed to secondhand ENDS aerosols

989 (24.2) 1.27 (1.11-1.47)°

No 1,560 (19.5) 1.00

a0R = adjusted odds ratio. See Table 1 legend for expansion of other abbreviation.
2P < .05.

I
7 N

74 Xk kBayly, J. E., Bernat, D., Porter, L., & Choi, K. (2019). Secondhand exposure to aerosols from electronic nicotine delivery
systems and asthma exacerbations among youth with asthma. Chest, 155(1), 88-93.
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Table 1

Mean values of particle number concentrations (PNC; N/cm?®) of nano- and
microscale particles and particle mass (PM.s, pg/m°) in the car interiors
(passenger window 2 cm open) with no smoking (control) and during use of an

1QOS and e-cigarette (E-Cig) and two tobacco cigarettes (TC).

Car Mean PNC (diameter Mean PNC (diameter Mean
25-300 nm) 300 nm to > 20 ym) PM2.5
Large interior volume
Skoda Octavia
Control* 10,491 20 6
= =5
E-Cig"® 53.579 2145 490
Volvo S
ControF 20,231 41 10
1QOs” 22,152 90 19
E-Cig© 14,209 659 170
e 191,173 4168 895
Medium interior volume
VW Golf (2006)
ControF* 20,675 22 7
1Q0Ss" 29,044 40 11
E-Cig® 33,014 1362 262
S o 236,167 2863 594
VW Golf (2005)
ControF 73,941 40 11
1QOSs" 123,656 144 34
E-Cig*® 73,954 1188 269
rcH 193,792 9048 1988
VW Golf (2001)
Control” 8434 18 7
1QOs"” 19,554 21 6
E-Cig® 10,248 289 75
TC? 46,491 594 117
Small interior volume
Smart ForFour
Control® 17.716 14 4
1QOs” 25,616 21 s
E-Cig® 13,543 Q0 18
), e 107.534 940 189
Fiat Punto
Control® 18,626 19 9
1QOSs” 28,827 10 4
E-Cig® 19,901 28 8
e 24,319 288 64

# Mean during a 20-min control drive with no smoking (TD 1: passenger
window 5cm open).
Mean of two 6-min smoking phases with tobacco HEETS during TD 3.
¢ Mean of a continuous vaping episode during TD 5.

4 Mean of two 6-min smoking phases with tobacco cigarettes during TD 7.

b

RIE B ) A4 GPN2.5
VB EA490Hc R /2 B o e
B L BEP R F 2
5 THB (FPM2.5=T1

/xS AR | TR

~N.

F 4% &R : Schober, W., Fembacher, L., Frenzen, A., & Fromme,
H. (2019). Passive exposure to pollutants from conventional
cigarettes and new electronic smoking devices (IQO0S, e-
cigarette) in passenger cars. International journal of hygiene
and environmental health, 222(3), 486—493..
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Table 4
Adjusted mean ratio of participants’ maximum over baseline biomarker con-
centrations by endpoint and location®.

Biological Endpoint Event Adjusted Mean Ratio

Urinary Cotinine 1 8.14
2 6.77

13.16

4.58
7.07
2.02

R AREE BRI £
Urinary Trans-3’-Hydroxycotinine 6.84 7"4\’}:%\;[,]?“ BN |

5.68 ~ ! 0 241012 W i3
2.24 PR o 7R B R R B
o7 B B34 DviEl3n
3.82
1.28

2.18
1.83

Salivary Cotinine

HWN =

AW N -

Urinary 3-HPMA

S W=

2.40
1.82
1.92
1.16

Urinary CEMA

W -

1.37

0.95 74 % imJohnson, J. M., Naeher, L. P., Yu, X.,
1.07 Sosnoff, C., Wang, L., Rathbun, S. L., ... & Wang,
1.48 J. S. (2019). A biomonitoring assessment of
secondhand exposures to electronic cigarette
emissions. International journal of hygiene and
environmental health. ag®

e — EEE§§

Urinary 8-Isoprostane

S WD -

# All urinary endpoint were corrected for creatinine.
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Table 2. Lung adenocarcinoma incidence in ECS-, Veh-, and FA-exposed mice

No. of dead mice

Exposure Mice with tumor* Mice without tumor* before final kiIIing‘r Total Tumor incidence, %
FA 1 17 2 20 5.6
Veh 0 18 2 20 0

*Surviving mice with tumor or tumor-free up to 54 wk.

TAll dead mice were lung tumor-free.
At kk : Tang, M. S., Wu, X. R., Lee, H. W., Xia, Y., Deng, F. M., Moreira, A. L., ... & Lepor,
H. (2019). Electronic-cigarette smoke induces lung adenocarcinoma and bladder urothelial
hyperplasia in mice. Proceedings of the National Academy of Sciences, 116(43), 21727-21731.
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Intrauterine growth Metabolic

restriction

Increased chance of
type 2 diabetes, obesity

Babies are born smaller

Neurodevelopment Reproductive

Learning difficulties,
behavioural problems,
cognitive impairment, ADHD

Reduced fertility in the
mother and offspring

Cardiovascular

Respiratory

Blood pressure alterations,
hypertension, altered
perivascular adipose tissue

Reduced lung function,
increased risk of respiratory
disease such as asthma

Figure: Potential health effects of maternal use of electronic nicotine delivery systems on offspring

No experimental or epidemiological data have been published on the potential for electronic nicotine delivery system exposure (ENDS) use during pregnancy to affect
the health of the developing human fetus, so this image is based on knowledge from maternal tobacco smoking on child health, in-utero nicotine exposure studies,
and animal studies of maternal ENDS.*7*#*2%% ADHD=attention deficit hyperactivity disorder.

Early-life exposure to electronic cigarettes: cause for concern

www.thelancet.com/respiratory Vol 7 November 2019 Lancet Respir Med 2019; 7: 985-92
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investigation: Vitamin E acetate linked USED THG:GONTAINING.

to THC may be to blame PROBUCTS

By Jen Christensen, CNN -
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THC tetrahydrocannabinol :the active principle of cannabis, occurring in two
isomeric forms, both considered psychomimetically active.
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https://medical-dictionary.thefreedictionary.com/cannabis
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Mouthpiece
Battery Allows user to

( Powers the device. inhale the aerosol.

_ l ! g _—4
Atomizer C Cartridge

Heats the e-liquid Stores the e-liquid.

into an aerosol.
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UWELL AMULET 10W WATCH POD SYSTEM
$5495 $44.95 3
Availability: In Stock E ‘g % {E %% = ;ﬁ %% i

2 hs Wl iiee HY i T2 A 24

PRODUCT INFO:

Shop the Uwell AMULET 10W Pod Sysiem, presenting the world's first watch-inspired
vape kit integrating a 370mAh rechargeable battery, 2mL refillable pods with draw-

activated mechanism, and the ergonomic wristband with the ability to showcase Date &

Time.

COLOR *

-- Please Select -- ¥

SAVE ON REPLACEMENT PODS

-- Please Select -- v

NIC SALT JUICE OF THE WEEK - 30ML

-- Please Select -- v
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More than 7,700 flavors of . | 4 ,( !
vapes exist, including fruit and g Most Vapes contain nicotine.
sweet flavors that appeal to Nicotine is a highly addictive,

children and youth harmful drug.

Designed By LJ Downs Graphic Communications, Forrest Presented By the St.Mary’s County Health D
Career: Technology Center Maryland Cigarette Resti
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wvisit smokefree nhs.ul
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Your smoking harms your child.
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