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PART ONE ;2"58ss .

Nicotine and Its Health Effects

B SUMMARY

MORTALITY RISKS AND CANCER RISKS VARY GREATLY BY
PRODUCT

Cigarettes and smoking tobacco are the most deadly recreation products on
shop shelves.

Nicotine has been widely used as a medicine since 1984 and is safe at the doses
used in medicines.

Nicotine products do not cause lung or other cancers, nor lung or heart disease.

Tobacco smoking, in contrast, is the main cause of lung cancer and the main
preventable cause of lung and heart disease.

POLITICAL AND REGULATORY APPROACH

The first requirement is to ensure smokers can buy recreational inhaled nico-
tine, as it is far safer than smoked tobacco. The next step is to ensure brands are
true to label, effective, child-safe, and of minimal toxicity. Extreme regulatory
caution, insisting on all nicotine being sold as a medicine while tobacco remains
on sale as a recreational product, could inhibit smokers’ desire to embrace nico-
tine as a recreational alternative to smoking.




ADDICTION SCIENCE

e Virtually all tobacco smokers are addicted.

o Cigarette smoking is highly addictive, more than nicotine by itself (Chart 2:
the continuum of addiction).

e Nicotine is the main cause of addiction to tobacco, but it does not act alone,
aided by the habits and rituals of the act of smoking, and possibly by other
substances in tobacco and smoke.

This paper sets out the science of nicotine as it affects health. Nicotine is addic-
tive, driving smokers to smoke for most of their lives, and indirectly shortening
their lifespan by at least ten years. Nicotine, however, is not in itself a direct cause
or even a minor cause of these smoking deaths or diseases. Indeed, smokers
switching to far safer nicotine-vaporizer substitutes can reduce their risk while
maintaining their addiction to nicotine.

Across the world, deadly cigarettes are sold with government approval for recre-
ational purchase by adults in almost every country, yet nicotine products are not
approved for recreational use. To understand the potential of nicotine products to
help smokers and countries avoid the predicted one billion deaths from cigarette
smoking this century, we need to understand the science behind nicotine.
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INTRODUCTION

Tobacco for smoking was brought from the Americas to Europe by Christopher
Columbus and others in the fifteenth and sixteenth centuries. Eventually, nico-
tine was isolated as the essential ingredient that had driven demand for tobacco
since the 1700s, creating fortunes for the tobacco barons supplying Europe with
nasal snuff and pipe tobacco. From the 1880s, with the invention of the cigarette
machine, addictive tobacco/nicotine could be packaged in a standardized afford-
able cigarette, creating the fortunes of today’s American and British tobacco mul-
tinationals (later joined by tobacco conglomerates in Japan and China). Today,
nicotine continues to drive demand for the deadly cigarette.

Nicotine is the primary pharmacologically-active substance in tobacco and was
first isolated chemically in 1828 and synthesized in the 189o0s. Like caffeine and
morphine, nicotine is an alkaloid—a biological, naturally occurring, nitrogen-
containing compound. Nicotine is found in the Nicotiana or tobacco plant, part
of the Solanaceae family of flowering plants which include edibles such as potato,
tomato and chili peppers, and other highly toxic species such as deadly night-
shade that contain insignificant amounts of nicotine. Nicotine makes up one to
three percent of dried tobacco, and a cigarette contains about 10 mg of nicotine.
Tobacco was used with little in the way of health effect until the widespread use
of portable matches met up with the mass production of cigarettes around the
turn of the last century. In the 1960s, the cigarette industry knew that nicotine
was the addictive agent in cigarettes, a fact not officially recognized until the U.S.
Surgeon General’s landmark 1988 report.

e
GLOSSARY

Abuse potential
The risk that a substance would cause addiction.

ACC

Anterior cingulate cortex, the frontal part of the cingulate cortex on the medial
(midline) side of the brain’s hemisphere, which resembles a collar around the
corpus callosum, is one of several brain regions involved in tobacco addiction.

Addiction continuum
Addiction, measured by difficulty in quitting, varies with the product. Chart 2.
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Addiction to tobacco smoking
A periodic and regular compulsion to smoke tobacco.

Atomiser
The battery-powered heating coil of an electronic cigarette.

Delivery
The amount of a substance that a cigarette delivers to the mouth.

Denicotinized cigarette
(Denic) or Very Low Nicotine Content (VLNC) cigarette contains less than 2 mg

of nicotine.

The electronic cigarette
The e-cigarette or e-cig is a battery-powered vaporizer of a solution of nicotine,
propylene glycol or glycerol, with flavors, in various nicotine strengths including zero.

FA
Fractional anisotrophy, a method of measuring brain cell organization in white matter.

FTND or FTCD
Fagerstrom test for nicotine dependence, now renamed the FTCD for cigarette
dependence, a ten-point score measuring addiction to cigarettes.

FDA
Food and Drug Administration, which regulates tobacco and nicotine products, and
NRT in the United States, except electronic cigarettes, which it intends to regulate.

HONC
Hooked on Nicotine Checklist, a ten-question list of symptoms of tobacco addiction.

Latency
The time from smoking the last cigarette until the need for the next cigarette is felt.

MAO
Monoamine oxidase, a natural enzyme that destroys dopamine, the pleasure-
signaling molecule in the brain.

MRTP
Modified risk tobacco product. A product in development designed to claim
reduced risk for smokers.

Nicotine addiction (or dependence)
A periodic and regular compulsion to use a nicotine product.

11
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NRT
Nicotine replacement therapy, patch, gum, inhaler, lozenge.

PG
Propylene glycol, the main ingredient in most brands of e-cigarette liquid.

Risk Continuum

Risk of use decreases from high risk cigarettes (top bars in blue) to low-risk smoke-
less and nicotine products and non-smoking (bottom bars in green). Chart 4 (see
page 29). Harm reduction aims to move smokers down this scale of risk.

Smokeless tobacco
Does not generate smoke, and includes chewing tobacco, oral snuff, and snus.

Snuff, moist oral
Tobacco held in the mouth or, in the case of Swedish snuff, under the upper lip.

Tobacco addiction (or dependence)
A periodic and regular compulsion to use a tobacco product.

Tobacco harm reduction
Reducing harm by shifting from a high-risk product such as cigarettes, to a low-
risk product (as in Chart 4).

TSNAs
Tobacco-specific nitrosamines, potent cancer-causing substances found in
unburnt tobacco at approximately 1 microgram per gram (one part per million).

Vaping
The practice of inhaling vapor, a term used to distinguish e-cigarette use from
smoking tobacco.

VG
Vegetable glycerine or glycerol. An alternative to PG in e-cigarette liquid.

VLNC cigarette
Very low nicotine content cigarette. A denicotinized cigarette. See above.

Yield
The amount of a substance (for example nicotine) in the smoke of a cigarette as
measured by a smoke machine.

12
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NICOTINE: PHYSICAL AND
PHARMACOLOGICAL PROPERTIES

NICOTINE—AN ACUTE POISON

Nicotine at certain exposure levels is highly toxic, and toxic effects develop
rapidly following acute overdose. The lethal dose for nicotine in adults is quoted
as 40 to 60 mg.! Dermal absorption of 0.1 mg in young children is sufficient to
cause symptoms.? Nicotine is more toxic when absorbed through the skin than
from ingestion. For example, children swallowing two cigarettes (20 mg) recov-
ered,! whereas 5 ml electronic cigarette liquid bottles contain 9o mg nicotine.
Rarely, multiple nicotine patches on the skin have been used for attempted
suicide, with serious results.?

Nicotine as an insecticide is highly toxic; on the other hand, it is one of the
safest of medicines. As with many exposures, it all depends on the dose and the
speed of delivery.

NICOTINE METABOLISM

Nicotine is metabolized in the liver, mostly by the enzyme CYP2A6, mainly
breaking it down to cotinine—quite rapidly: nicotine has a metabolic half-life of
two hours.! Cotinine’s half-life is approximately 20 hours, making cotinine levels
a good surrogate marker for whether a person is currently smoking tobacco or
inhaling nicotine.

e Estrogen. Pre-menopausal women clear nicotine 21 percent more rapidly
than men. Women using estrogen-containing oral contraceptives metabolize
nicotine 28 percent more rapidly than non-users.* Pregnant women clear nico-
tine 60 percent more rapidly than non-pregnant women.5

e Race and ethnicity. In the United States, whites metabolized nicotine
most rapidly compared with blacks/African-Americans and Asians.® Chinese-
Americans clear nicotine from the body more slowly, and this may partly
explain why they smoke fewer cigarettes.”

o Adolescence. At age 13 to 17 years of age, no gender differences in metaho-
lism were found, but racial differences were similar to those for adults.®

13



Nicotine and Health

NICOTINE DELIVERY TO THE BRAIN

Nicotine reaches the brain within seven seconds of taking a puff of smoke,
and nicotine concentration in the brain reaches maximum values within five
minutes of taking the last puff. The first cigarette of the day boosts brain
nicotine tenfold, and a cigarette in the afternoon doubles it.

Nicotine is a small molecule and it can circulate with ease. Studies with radio-
labeled nicotine show that when a cigarette is smoked some nicotine reaches
the brain seven seconds after smoke enters the mouth.? Nicotine concentration
in the brain rises to more than half the maximum during the next 15 seconds,?
although it takes 3.5 to 4.8 minutes to finally reach maximum levels. During this
time brain nicotine levels are increasing gradually and steadily. This is due to the
slower absorption from the mucosal surfaces of the conducting airways before
the smoke reaches the alveoli.

The rate of increase in brain nicotine is thus sufficient to markedly increase
brain nicotine before each new puff is taken. After overnight abstinence, smoking
just one cigarette will boost the amount of free nicotine in the brain tenfold, and
during afternoon smoking one cigarette will double the amount of free nicotine in
the brain.!

The rapid increase in brain nicotine after every cigarette is believed to increase
the addictiveness of smoking, compared, for example, to the use of a nicotine
patch, which causes a very gradual rise in plasma nicotine to a low plateau,
seldom causing addiction.

e
ADDICTION TO NICOTINE

A person is addicted to smoking or nicotine if the person experiences a recur-
rent and periodic wanting, craving, or needing for tobacco or nicotine.

Almost all people who smoke regularly are addicted, even shortly after starting
to smoke.

Nicotine is the drug in tobacco that causes addiction. It alters the mood and
can provide pleasurable effects. Due to its nicotine, the cigarette is also the most
addictive product sold legally. The large majority of those addicted to nicotine or
tobacco are smokers, and mostly they smoke cigarettes.

14
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Nicotine is highly and rapidly addictive, and tobacco smoke is much more
addictive than current nicotine medicinal products. Tobacco smoking is highly
addictive partly because smokers are also addicted to their smoking behaviors
and rituals, reinforced by the current culture of smoking and possibly, to a minor
extent, reinforced by other addiction-promoting substances in tobacco. Nicotine
in tobacco has a chemical or nicotine effect, and behavioral effects (hand/mouth
movements). Smokers are bio-behaviorally addicted.

ADDICTION IN ADOLESCENCE

Only a few exposures to nicotine are required to produce neuroplastic
changes in adolescent rats, and in adolescent humans, only a few
cigarettes are required to produce symptoms of tobacco dependence.

In the largest study of adolescent addiction to smoking published so far, 7,482
adolescents interviewed at 14 to 15 years of age, had rapidly become addicted
to smoking, as judged by symptoms of loss of control over their smoking.*°
Addiction is assessed by questions on symptoms of loss of autonomy over
smoking (the Hooked on Nicotine Checklist or HONCY), validated against brain
scans. We found that:

e One quarter lose some control over their smoking after smoking only one to
two cigarettes.

e Forty percent lose some control after smoking one to nine cigarettes ever.

e At 10-19 cigarettes ever smoked, half reported some loss of control over their
smoking.

o Of those 14- to 15-year-olds who had ever smoked 100 cigarettes or more, half
had high scores for loss of autonomy (7 to 10 out of 10 on the HONC scale).*©

Adolescent addiction cannot be dismissed as trivial, something they grow
out of. It is intense, and in the majority who become lifelong smokers, it will
shorten the lifespan of two-thirds of them,’? and markedly affect their lifetime
health status.”

e Most of these 7,482 students had not smoked 100 cigarettes or more in their
lifetime, but of those who had, 93 percent had diminished autonomy over their
smoking,° as measured by the Hooked on Nicotine Checklist (HONC).%

15
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In lay language, soon after smoking the first cigarettes, the adolescent brain
is rapidly hardwired to become addicted to smoking.

CHART 1. PERCENTAGE WITH ONE OR MORE ADDICTIVE SYMPTOMS
AT AGE 14-15 YEARS, BY NUMBER OF CIGARETTES EVER SMOKED. ™

100 -

8o

20

% with one or more addictive symptoms

ok | | | | |

0 20 40 60 80 100
# of cigarettes ever smoked

Note: The numbers of cigarettes ever smoked is based on answer options
for answer of:
1, 2, 3 t0 3-4, 5-9, 10-19, 20-99, Or 100 OT more.
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THE LATENCY PERIOD

The length of time that the last cigarette keeps the urge to smoke at bay may be
days or weeks in beginning smokers, then gradually shortens to hours and even
minutes. It, rather than plasma nicotine concentration, is a main determinant of
how many cigarettes are smoked each day.

Activity of the brain’s nicotine receptors sets the time for the next cigarette,
not nicotine levels in the blood.

After the last cigarette of the day, and during the night, the liver continues to
halve plasma nicotine concentration every two hours. Smokers with short la-
tencies may feel the need to smoke immediately upon arising in the morning.
However, many beginning smokers report long latencies, experiencing with-
drawal symptoms only after several days have passed. The idea that smokers are
smoking to maintain a minimum or trough nicotine concentration is an illusion
created when the latency to withdrawal approximates the two-hour half-life of
nicotine. The latency to withdrawal is a chief determinant of the time to first ciga-
rette in the morning and the number of cigarettes smoked per day.'3

Fifty percent of smokers, when asked how long they can last without a cigarette,
will likely say two hours or less. (The average time, however, is likely to be much
higher due to the much longer latencies of less experienced smokers.) Since cravings
for a cigarette are unpleasant enough, smokers take care not to leave it too long, and
tend to smoke another cigarette to head off feeling unmet need for the next cigarette.

Once the latency period is exceeded, circuits in the brain gradually escalate
the urge to smoke.

THE URGE TO SMOKE

Strong urges to smoke (cravings) occur and recur, wax and wane, throughout
the 24 hours.

Smokers experience a mini-version of “cold turkey” or withdrawal every
morning and to a much lesser extent during the day. Every night, smokers stub
out their cigarettes; most smokers abstain all night, and on awaking, their latency
is exceeded (except for those who started to smoke more recently), and so their
craving becomes intense. At this point, they may need a cigarette just to feel
normal. Many rate the first cigarette of the day to be the most satisfying, and
many smoke it within five minutes of waking. For the most addicted smokers the
need is far more urgent than food or coffee. Time to first cigarette in the morning
is one way to measure their degree of addiction.

17
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Cravings decrease after a cigarette and increase before the next one. In smoke-
free workplaces cravings increase towards lunchtime and then towards the after-
noon break, and again before they leave work. Smoke-free buildings mean some
smokers leave with a cigarette already on their lip and light up immediately after.

First comes the wanting (which is often interpreted as not being addicted;
they smoke because they want to). Then comes the strong urge to smoke
(craving). Then needing a cigarette to feel normal again. The sequence is the
same every time, once the latency period is exceeded.*

After every cigarette, it is as if the brain has a built-in timer that starts quietly
ticking until the next cigarette is desired. When this next cigarette is overdue,
it is as if this clock starts ticking more loudly. Smokers describe this feeling as
a thought that pops into their head that it’s time for another cigarette. From
initial latencies of four weeks, the latency period progressively shortens over the
first few months or years of smoking. Eventually, when the latency is reduced to
24 hours or less, smokers are forced to acknowledge they want, crave (strongly
desire), or need to smoke every day. They may try to quit and finally realize they
are addicted.

Progressive shrinking of the latency period helps explain the difficulties
smokers face.

For example, at less than seven hours, sleeping becomes difficult; at latency
of less than one hour, students find lectures difficult to sit through. Latency
can explain how smoking gradually changes a smoker’s way of life. Eventually,
latency stabilizes at a certain value for each individual. After quitting smoking,
latency will lengthen again but may not return to its original value. The addiction
may never entirely disappear—just one cigarette or cigar may cause relapse to
smoking for many years.

As a result of various brain scans, several short questionnaires such as the
Hooked on Nicotine Checklist (HONC)" are available for clinicians and research-
ers to use, fully validated against smokers’ brain function at different brain sites
known to be involved in addiction to tobacco, such as the anterior cingulate
cortex on the inner side of the cerebral hemisphere.

ADDICTION IN ADULTS—THE ADDICTION CONTINUUM

The ultimate test of addiction is the degree of difficulty smokers experience
when they try to quit.
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Comparing drugs of addiction. On comparable criteria of addiction, a
large national survey in the United States showed that cigarettes were far more
difficult to quit than alcohol, cannabis, or cocaine.'

Comparing tobacco and nicotine products. Studies of smokers who
took part in clinical trials of medicines to help them quit smoking were reviewed
for overall success in helping people to quit. Generally, not much attention is
paid to the smokers who took a dummy or placebo medicine to act as a control
contrasted to those taking the test medicine; these people received no help from
any active drug, and their success and failure reflects the addictive power of the
addictive product they were trying to quit.

At six months, cigarette smokers who had received placebo had a 10 percent
success rate in quitting. Relapse was very common. By contrast, 25 percent of
smokeless tobacco users succeeded in stopping. Even better, those trying to give
up nicotine gum had a 36 percent long-term cessation rate using the placebo
dummy. The product they were trying to stop using, not the drug used, was the
influential factor in the success rate of these control subjects—by definition, they
received no active drug. Variation among smokers trying to quit using the same
product were surprisingly small.*6

Cigarettes are the most addictive tobacco product, and the most difficult to quit.

CIGARETTES: SOME “MUST HAVE,” SOME OPTIONAL

In seeking smoking pleasure, the smoker inhales nicotine and also toxicants with
every puff—100 to 200 puffs per day. The pleasure is immediate, and the cycle is
repeated. Not all cigarettes are pleasurable, but some are enjoyed more, typically
the first cigarette of the day. Other cigarettes are optional extras, so if the price in-
creases, the optional cigarettes are the first to be sacrificed.” When the price threat-
ens enjoyment of their must-have quota, the smokers must either pay more or quit.

CHART 2. THE ADDICTION CONTINUUM OF TOBACCO AND
NICOTINE PRODUCTS. THE SUCCESS OF VOLUNTEERS TAKING
PLACEBO MEDICATIONS AT 6 SIX MONTHS, IN QUITTING
CIGARETTES, SMOKELESS TOBACCO AND NICOTINE GUM.*®

Cigarette
Smokeless

Nicotine Gum

0% 5 16 1I5 2|o 2|5 3b 35 4d%
Percentage quit at 6 months
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MEASURING NICOTINE YIELD,
CONTENT, DELIVERY AND ABSORPTION

NICOTINE YIELDS MEASURED BY SMOKE MACHINES

Today, commercial “yield” ratings remain misleading and deceptive; yields
are no longer printed on cigarette packets in most countries; the filters
remain ventilated; light and mild descriptors are out; and instead color-coded
packets and new brand names identify the “light” cigarettes.

In 1964, the first U.S. Surgeon General’s report warned that cigarette smoking
causes lung cancer.

In 1967, the U.S. Federal Trade Commission started publishing tar and nico-
tine ratings for cigarette brands. Many smokers, reluctant to quit, clung to a
belief that a “low yield” cigarette would be a less harmful cigarette and trusted
the ratings.

From 1975 to 1990 manufacturers: 1) increasingly ventilated cigarette filters
to entrain fresh air, giving an airy feel to the smoke, allaying health concerns;
2) re-engineered cigarettes to be more “elastic,” delivering more smoke and
nicotine with less effort (more bang for the suck), having the effect of lowering
the FTC ratings; and 3) advertised the resultant low tar ratings, thus increas-
ing their sales. Smokers and public health authorities in many countries were
deceived. A generation of smokers switched to low tar instead of quitting, as
many might have done if they had known the truth.

It took from 1983 to 2005 for university nicotine laboratories to prove beyond

doubt that machine yields of nicotine were misleading.

In 1983, Benowitz in San Francisco showed that low nicotine ratings on cigarettes
were not associated with lower nicotine concentrations in smokers’ blood.™

In 2000, Djordjevic from the American Health Foundation in New York
showed FTC ratings underestimated the nicotine and carcinogens in smoke by
half and overestimated the proportional benefits of low yield cigarettes.*

In 2004, a study of nearly a million U.S. smokers found no difference in lung
cancer mortality in either men or women for tar ratings between low tar (8-14
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mg) and very low tar (7 mg or less). Risk was only increased for tar yields
above 21 mg of tar.2°

e In 2005, Hecht in Minnesota showed that smokers of regular, light, and ultra-
light brands excreted very similar amounts of lung carcinogen breakdown prod-
ucts in their urine in the 24 hours after smoking. If light and ultra-light brands
could not show evidence of reduced carcinogens absorbed in the first 24 hours, it
was unlikely that they would reduce lung cancer risk 20 years later.>

In most countries today, the filters are still ventilated, yields are no longer
printed on cigarette packets, and the yield ratings remain misleading and decep-
tive. Descriptors such as “light” are banned in many countries, but color-coded
packets ensure retailers and smokers can still identify the “light” cigarettes, and
smokers still ask for low tar (that is low nicotine). Smokers’ death rates have not
diminished since the advent of “low yield” cigarettes.

NICOTINE CONTENT

Mean nicotine content of U.S. cigarettes is 10 mg* and the minimum content
required to maintain addiction can be set at 2 mg.» For commercial cigarettes,
testing of the nicotine content of the un-burnt cigarette is the best guide to its
addictiveness. Bench-top-tested nicotine content is significantly correlated
with how much nicotine is absorbed from smoking it.>+ By contrast, traditional
machine testing of commercial cigarettes is weakly correlated—if at all—with the
amount of nicotine that is absorbed.'®

NICOTINE DELIVERY

How much nicotine is delivered to the smoker’s mouth (mouth level exposure)
can be estimated directly by analysis of cigarette filters in spent butts. This is
possible since the smoke-machine yield of nicotine in the smoke and that remain-
ing in the filter are related by the filter efficiency, which is specific for each brand.
The method agrees well with values for nicotine derivatives measured in 24-hour
urine, though for public health regulatory purposes, nicotine content is simpler,
much less expensive, and adequate.

Nicotine delivery is the amount the smoker receives in the mouth. Smokers
obtain 1 mg to 2 mg of nicotine per cigarette, based on analysis of smoked ciga-
rette filters. The amount delivered varied with type of tobacco smoked, and up
to twofold by country. For very low nicotine yield cigarettes, delivery was seven
times the yield. Smokers of low yield cigarettes obtained two-thirds the amount
delivered by higher yield brands; yield was a weak indicator of actual delivery.?*

Scientists at British American Tobacco (UK) analyzed 80,000 filters from spent
butts from 5,703 smokers of their own brand of cigarette, including 106 brands
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sold in eight countries. Each brand was analyzed for filter efficiency over a wide
range of machine yields. Deliveries of nicotine into the mouth by cigarette and
per smoker per day varied two-fold by country (Chart 3). Male smokers obtained
nine percent more nicotine per day, partly due to different brands smoked.>

In general, the study revealed that smokers were obtaining far more nicotine
than ever disclosed on the cigarettes packet by smoke machine ratings. Smokers
of flue-cured tobacco obtained a mean 31 mg of nicotine per day, while smokers
of American blend obtained less, a mean 20 mg of nicotine per day. Low yield
cigarettes delivered a mean 1.0 mg of nicotine per cigarette and 19 mg of nico-
tine per day, much more nicotine than smoke machine yield values indicated.
Smokers of brands yielding over 6 mg of tar obtained 1.5 mg nicotine in the
mouth per cigarette, a mean 29 mg nicotine per day.>

CHART 3. NICOTINE MOUTH DELIVERY, LEADING BRANDS,
EIGHT COUNTRIES, 2005*
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NICOTINE ABSORPTION

With dilution, nicotine evaporates off the particles in the smoke aerosol to
circulate as gas molecules, which then are passively absorbed in the mouth
and respiratory passages. The veins draining the bronchi are cross linked to
the pulmonary veins, enabling rapid and effective absorption of nicotine (and
presumably of toxicants), even from shallow puffing.

From the mouth

o Nearly half (46 percent) the nicotine in mouth smoke is retained in the mouth
if the smoke is held within the mouth for just two seconds without inhaling.
Thus within two seconds, nicotine evaporates from the smoke particles, and
now in gas form rapidly attaches to the mucosa and is absorbed passively.2¢

e The quantity absorbed from the mouth is insufficient to raise plasma nicotine
concentrations.2®

o Cigarette blends with added diammonium phosphate (DAP) increased the pro-
portion of nicotine retained in the mouth to nearly two thirds (64 percent) but
did not increase nicotine levels in venous blood.26 DAP could possibly affect
smokers’ perceptions of the strength of the smoke.

Shallow inhalation

o Shallow respiration (75 ml of air inhaled along with the mouth smoke) results
in 80 to 90 percent retention of the nicotine in the mouth, throat, and bronchi
due to evaporation and deposition of nicotine particles.26

o Although 75 ml of air is insufficient to reach the alveoli, plasma nicotine
increases to 10-15 ng/ml (70 percent of the level attained by deep inhalation)
and no less rapidly than with deep inhalation.?® This may be explained as
follows:

e Nicotine evaporates from the smoke particles and is absorbed in gas form on
to the mucosa of the throat and bronchi.

e Two thirds of the bronchial capillary blood is thought to drain via communi-
cating veins into the pulmonary veins—the broncho-pulmonary circulation.

e Only one third of the bronchial capillary blood is pumped through the lungs
first before reaching the systemic arterial circulation to the brain.
Deep inhalation—the rapid alveolar-arterial route

e Virtually all of the nicotine inhaled into the lungs is retained and absorbed,
due to smoke reaching the alveoli from whence the pulmonary veins carry the
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nicotine directly to the heart, for pumping immediately to the systemic circula-
tion and to the brain via the carotid arteries.

e Increasing the alkalinity of the smoke by adding urea or diammonium phos-
phate during tobacco manufacture does not significantly increase plasma
nicotine levels.

e Estimating five percent loss from mouth-spill of smoke before inhalation, and
98 to 99 percent efficiency of absorption for nicotine if the smoke is inhaled
with 500 ml of air,?® the average smoker would absorb 94 percent of estimated
nicotine mouth level exposures in Chart 3, that is around 15-30 mg of nicotine
per day.

e Deep inhalation means some nicotine reaches the brain within seconds while
much is absorbed more slowly via the throat and bronchial veins and some
rapidly via the alveoli and pulmonary veins. The result: plasma nicotine is
increased to 15-20 ng per ml within five minutes.?®

HEALTH RISKS: NICOTINE VS.
TOBACCO SMOKE

* In medicinal doses nicotine is very safe if used as intended.

* Long-term human studies of nicotine use show no
increase in hospitalization, mortality, or cancer.

» Cigarette smoke causes cancer. Nicotine does not cause cancer.

THE SAFETY OF NICOTINE IN MEDICATIONS

The health sector routinely uses nicotine as a medicine to assist smokers in
quitting. Serious adverse reactions to nicotine products are rare. Millions of
smokers have used nicotine medications since nicotine gum was first sold over 25
years ago.

e Medicinal nicotine (nicotine replacement therapy, NRT) is quite safe if used as
intended.

e Rats who inhaled nicotine for 20 hours a day five days a week for two years,
giving a plasma concentration twice that in heavy smokers, suffered no in-
crease in mortality, atherosclerosis, or tumours.?
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o DPublished data show that long-term NRT use is safe. The Lung Health Study of
over 3,000 smokers and ex-smokers included a smoking cessation component in
which participants used nicotine gum, and the fate of these people was followed
for five years. This provided useful data on safety and long-term NRT use.3°

No increase in hospitalization or mortality was found in non-smokers regu-
larly using nicotine gum.3°

NICOTINE AND BRAIN FUNCTION

Researchers at the National Institute of Drug Abuse conclude that repeated
nicotine, as from a cigarette or a nicotine product, improves brain function (for
an hour or two) to a small or moderate degree, improving fine movements, alert-
ness, and short-term and working memory. This effect is not just due to correct-
ing nicotine deprivation but holds true for non-deprived smokers, ex-smokers,
and non-smokers.3!

Some ex-smokers who complain they miss the positive stimulation smoking
once gave them, or who have felt out of sorts ever since giving up smoking, could
be at increased risk of returning to smoking, and might wish to discuss with their
doctor whether taking nicotine would possibly relieve such symptoms.

With Parkinson disease, current cigarette smoking more than halves the risk of
future Parkinson disease, while coffee drinking reduces the risk by one third, and
nicotine in the smoke may be the active protective agent.3? Nicotine fed to rats
protects the nigrostriatum, a part of the brain particularly affected in Parkinson
disease, and particular subtypes of nicotine receptors in this part of the brain
may be involved. Drugs including nicotine that act on these nicotine receptors are
under investigation.33

No one, however, is recommending smoking cigarettes to improve brain func-
tion since smoking triples the risk of stroke,? and smoking over 20 cigarettes a
day in middle age was followed by an increased rate of cognitive decline.3+

THE DEADLY CIGARETTE

The risk from tobacco increases some twentyfold the moment it is lit and
inhaled, compared to the lesser risk of consuming oral tobacco snuff.3s Smoking
tobacco is a killer—over five million globally this year and rising, with one billion
cigarette deaths expected in this century unless the number of people smoking
decreases.3® In fact, the cigarette is the most deadly product sold for human con-
sumption, killing two out of three long-time users prematurely.'
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The cigarette’s deadly nature is due to its smoke, while its addictiveness is
due mainly to its nicotine.

SHORTENED LIFESPAN

As a group, smokers lose more than ten years of life compared with never-
smokers. This is true for men and women.'>37

e In the 1980s available evidence supported an estimate of one in four smokers
dying prematurely. By 1994, the evidence indicated one in two smokers died
early. Now, in 2013, the evidence is that two in three deaths of smokers are
due to their smoking.'237

e By contrast, smokers who quit before the age of 40 years avoid 90 percent of
this excess risk of dying early.'

o Cigarette smoke increases the risks of over 20 fatal diseases in the course of
prematurely ending the life of two thirds of persistent smokers, and the effects
may be delayed by 20 to 60 years or more.'

e At any age quitting prolongs a smoker’s average lifespan, reducing mortality risk to
that of a never-smoker within 10 to 15 years. Quitting smoking altogether remains
the best advice, and nicotine medications are available to ease symptoms of the tran-
sition, but in one study using NRT for six weeks even with professional counseling
did not reduce the risk of relapse.3®

COMBUSTION

Once the cigarette is lit, the high temperatures (800 degrees Centigrade) from the
burning tobacco break up its complex plant molecules into smaller reactive molecules.
These leading cancer-causing chemicals in smoke are mostly volatile small molecules,
found in the gases and vapor, while the smoke solids or particulate contains the semi-
volatiles. A few toxicants such as hydrogen cyanide are measurable in both fractions.

Inhaling half a liter of smoke every hour eventually causes many serious and fatal
diseases. Only now, after studying the fate of men and women smokers for over half
a century, have epidemiologists shown that most smokers die early because of their
smoking,'? compared with the longer lifespan of never-smokers of the same age.

VAPORIZATION

By contrast, vaporization of droplets of liquid nicotine occurs at lesser tempera-
tures—well below 350 degrees Centigrade. Combustion destroys complex plant mol-
ecules in the tobacco and breaks them down to smaller molecules. Most of the very
harmful toxicants and cancer causing substances found in tobacco smoke, and espe-
cially the volatile gases, are small molecules with a molecular weight under 100.3°
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TOBACCO SMOKE AS AN AEROSOL

Tobacco smoke is a mixture of hot gases and organic vapors in which chemicals
condense to form an aerosol of suspended droplets. Smoke testing uses a filter
pad to trap the particles (particulate matter, or solids) accompanying the semi-
volatile nicotine. The filter paper is stained by the trapped solids. Particulate
minus the nicotine and water is called “tar,” whereas ash is the residue of burnt
tobacco at the burning end.

CCTAR”

The cancer potency of a cigarette’s smoke comes partly from the “tar” (the
particulate or solids minus water and nicotine, or Total Aerosol Residue) that
makes smoke visible.#° This particulate contains the semi-volatiles and the potent
nitrosamines NNK and NNN only found in tobacco, the heavy metals and some
of the hydrogen cyanide, and the cancer-causing agent benzo[a]pyrene found in
cigarette smoke. Nitrosamine carcinogens NNN and NNK vary by how tobacco
is cured, and so tar can vary in cancer risk estimates from one brand to another.
That said, there is still no consensus among researchers in the field that the level
of a given constituent in a particular product is a reliable general indicator of the
hazard posed by the use of the product.

GASES AND VAPORS

The harm from smoke is comes from both its invisible gases and vapor, and
its solids (*“tar”).

Constituents in the gas phase account for most of the estimated cancer and
non-cancer risk in cigarette smoke.*° The invisible gases and vapors make up over
95 percent of the mass of cigarette smoke,* and the highest cancer risk index—for
the gas 1,3 butadiene—is twice that of the next highest, acrylonitrile. These with
the aldehydes, benzene, and small molecule organic volatiles, accounted for 70
percent of the estimated cancer risk.+° The products of tobacco combustion in the
smoke are found in virtually the same proportions across brands with respect to
rank order. For example, among the harmful gases, carbon monoxide followed
by acetaldehyde is always in the greatest quantity. Tobacco smoke has its own
toxicant profile, compared with other types of smoke.

THE CONTINUUM OF RISK VARIES BY THE NICOTINE OR TOBACCO

PRODUCT USED

In Chart 4 (page 29) the risk of early death reduced from top to bottom from the blue
bars for smokers above, to the green bars for chewers, snuff users, vapers, with never-
smokers in smokeless homes with the least risk occupying the lowest green bar.
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Heavy cigarette smoking (25 cigarettes or more per day) nearly quadruples the
risk of early death.

Moderate smoking (15 cigarettes per day) triples the risk of early death.
Very light smoking increases the risk of dying early by half.

Cigarette smokers mostly inhale, incurring greater risks compared with cigars
and pipe smokers (who generally do not inhale).

Living with a smoker increases the risk 20 percent, presumably due to inhala-
tion of secondhand smoke.

Swedish moist snuff (snus) raises total death risk by 6 percent over that of a
never-smoker.

Never smokers who live in a home where no one smokes have the least risk.
Those combining cigarettes with other products will have an intermediate risk.

Electronic cigarette users’ risk is expected to reside among the green bars in
the lower part of Chart 4, as no smoke is inhaled.

Inhaling tobacco smoke in any manner is more dangerous than using any
other kind of tobacco or using nicotine in any form.

Using nicotine products does not increase mortality risk above that of never-smokers.

THE PRECISE ROLE OF NICOTINE IN THE DEADLINESS OF THE
CIGARETTE

When nicotine was used in the agricultural sector as an insecticide it was extremely

poisonous and rapidly so. In the health sector, nicotine is used as a treatment for
people trying to stop smoking and has few side effects. But its main role is as the
addictive substance in tobacco and cigarettes, keeping people smoking for many
decades, long enough for the gases and solids in smoke to eventually kill them.

The nicotine in its smoke is the prerequisite for its deadliness, by priming
the brain for lifelong smoking many times a day. In the United States and the
United Kingdom where smoking mortality has been tracked for over 50 years,
the death rate for those who continue to smoke is three times as high as for
those who never smoked.*>*’
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CHART 4. THE CONTINUUM OF MORTALITY RISK. RELATIVE RISK
OF MORTALITY FROM LIFETIME USE OF VARIOUS TOBACCO AND
NICOTINE PRODUCTS, COMPARED TO THE RISK FOR A NEVER SMOKER.

Inhales smoke Doesn’t inhale smoke

25+ cigarettes per day

15 cigarettes per day

Cigar inhaled

9 cigarettes per day

1—4 cigarettes per day

Cigar smoker, all

Never-smoker lives with smoker
Cigar, non-inhaler

Uses snuff, non-smoker

Uses e-cig, non-smoker

Chews nicotine gum, non-smoker

Never-smoker, smokefree home

Mortality risk of a never-smoker

0.0 0.5

1. Cigarette smoking risks (25+, 15 and 9 ciga-
rettes per day): These are the risks for women: Pirie
K, Peto R, Reeves GK, Green J, Beral V. The 21st century
hazards of smoking and benefits of stopping: a prospec-
tive study of one million women in the UK. Lancet
2013;381(9861):133-41.

2. Cigarette smoking risks for 1 to 4 ciga-
rettes per day: Bjartveit K, Tverdal A. Health
consequences of smoking 1-4 cigarettes per day
Tob Control 2005; 14: 315-20, based on follow-up
of 43,000 Norwegians from 1970s to 2002, aged
35-49 years, not reporting heart disease or diabe-
tes. Adjusted for age, systolic blood pressure, total
serum cholesterol, serum triglycerides, physical ac-
tivity during leisure, body mass index, and height.

3. Cigar smoking risks: Cigars, health effects
and trends. Monograph g, National Cancer Insti-
tute USA, 1998, based on follow-up of one million
US subjects for 12 years, including 22,000 cigar
smokers, in Cancer Prevention Study I, 1959-72.

4. Non-smoker, lives with smoker: Sec-
ondhand smoke risk: Hill S, Blakely T, Kawachi
1, Woodward A. BM.J 2004;328:988-89. Based
on the fate of never smokers whether living with

Sr

1.5 2.0 2.5 3.0 3.5 4.0

a smoker or not in 1996 NZ census. Excess risk
from living with a smoker, after adjusting for
age, sex, ethnicity, marital status, and socio-
economic position, was 20 percent.

5. Uses snuff, non-smoker: Levy DT et al.
Cancer Epidemiol Biomarkers Prev 2004; 13:
2035-42. Estimated excess risk as 9o percent less
than excess due to cigarettes. Re-estimated at 94
percent less: no increased risk of heart attacks.

6. Uses e-cigarette: Extra mortality risk due to
electronic cigarettes is estimated at near zero, as
for nicotine gum in (6) below, on the basis that
nicotine is the active ingredient, neither nicotine
nor its main carrier is propylene glycol cause
cancer, and worldwide no deaths attributed as at
March 2013 to electronic cigarettes in the medi-
cal literature since sales began in 2007. One non-
attributed death was reported by BBC in 2012.

7. Risks of nicotine gum. Murray RP, et al.
Safety of nicotine polacrilex gum used by 3094
participants in the Lung Health Study. Chest
1996; 109: 438-45. Followed for 5 years, com-
pared with 1900 controls. No increase in hospital-
ization or mortality in the nicotine gum chewers.
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TOBACCO HARM REDUCTION

NICOTINE REPLACEMENT THERAPY

Medicinal nicotine products (nicotine replacement therapy or NRT) such as
nicotine patches, gum, lozenges and inhalers, reduce cravings for the next
cigarette, and do not cause cancer, heart disease or lung disease.

Nicotine was licensed to treat smokers’ symptoms such as the strong cravings
due to abstinence experienced by smokers when they tried to quit smoking.

Clinical trials showed that smokers using NRT were more likely to quit suc-
cessfully and on this basis NRT is now standard treatment for individual
smokers attempting to quit.

However, outside of clinical trials NRT produced no marked reduction of
smoking at population level. Public health people expected these results to
translate into millions more smokers quitting, but in Europe in 2012 three
times as many tried to quit without any aids as had tried using NRT. Quitting
unaided remains the most popular method for successful quitting in almost
every country. Taxation and media campaigns have been far more effective in
reducing smoking.

Nicotine is FDA-approved for sale in nicotine dermal patches, nicotine gum,
lozenges and inhalers. Pharmaceutical-grade nicotine, isolated from tobacco, is
used to make these nicotine replacement therapy (NRT) medications. Nicotine in
the past two decades has been the drug most widely used in developed countries
to reduce the unpleasant effects of stopping smoking, and also to increase quit-
ting success. Nicotine medications have enabled health workers to offer some-
thing tangible besides advice and cognitive therapy to smokers wanting to quit.
In low-income countries such as China nicotine as a medicine or remedy remains
generally far more expensive than smoking, and for most is simply unaffordable.
One large study of nicotine taken by non-smoking pregnant women suggested
a three percent increase in the incidence of minor musculo-skeletal malforma-
tions.# But in view of the risks of relapse back to smoking or continuing to
smoke, NRT use may be justified in pregnancy.

Nicotine gum was developed by the Swedish company Pharmacia and approved by
the Food and Drug Administration (FDA) for sale in the United States in 1984. The
nicotine patch was introduced in 1992, and both products became available over the
counter from 1996. Nicotine in a nicotine patch delivers 21 mg of the drug over 16 to 24
hours—about 1.3 mg per hour—the total dose is similar to smoking, but plasma nico-
tine levels are slow to rise and cannot be increased to counter the urge for a cigarette.
For this situation, nicotine gum can be used as needed in addition to the nicotine patch.

30



Part One Nicotine and its Health Effects

In scores of randomized controlled trials of smokers wanting to quit, nicotine
medications increased quitting rates by 50-70 percent over the rates obtained with
zero-nicotine placebos.*3 Population-wide, however, the effects were very modest.

e Taxation and media campaigns have been far more effective than NRT in
reducing smoking.

e Quitting unaided remains the most popular method in almost every country.

NRTs were licensed as medicines to relieve symptoms, and as a medicine they
are immaculately packaged, often expensively priced and limited to a few
flavors. The packaging is designed to minimize appeal and risk of addiction
and not become a substitute for smoking cigarettes. High costs involved in
obtaining drug approval have favored the continued sale of products patented
in past decades, without further innovation. Most do not succeed with NRT on
the first attempt and so smokers recycle through NRT and back to smoking
many times before most succeed by quitting unaided.

For smokers desperate to quit, NRT provided relief from cravings. Before 1996 in
California, nicotine medications increased long-term quitting slightly—a 10 percent
increase in sales of nicotine medications decreased cigarette sales by 0.04 percent,
a 65-fold smaller effect than the response to a 10 percent real increase in cigarette
price. Nicotine medication sales in dollars were only 1 percent of cigarette sales.

By 1999, nicotine medications had increased their sales greatly but were still not
effective in increasing long-term successful cessation. Studies of over-the-counter
NRT resulted in an absolute quit rate at six months of seven percent—a 93 percent
relapse rate.4sNRT by prescription gave similar results. Analysis of smokers in
community settings shows they took their medication for only two weeks average,
and only one in five received behavioral counseling.¢ Nicotine as a medication
required additional support from health providers to be effective.

Nicotine medications were simply not popular enough or powerful enough to
noticeably affect population-wide cigarette consumption.*

By 2003, in the United States nearly two thirds of smokers attempting to quit
did so unaided (cold turkey) with one third using nicotine medications, often
supplemented by other methods.+” In 2012, a survey of 4470 smokers across the
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27-member European Union who had tried to stop smoking in the previous 12
months showed that

66 percent had tried to stop unaided,
e 22 percent had used NRT,

e 7 percent had used health services, and

7 percent had used electronic cigarettes.

Stopping unaided was three times as popular as using NRT. The success rate of
each method has not been reported.+® On this basis even if some medications were
more efficacious, the popularity of unaided quitting delivers more ex-smokers.

Nicotine medications ease many smokers through the quitting process, but for
reducing smoking prevalence media campaigns and tax/price increases have had
significantly more impact. In fact, variations in nicotine medication sales have had
no discernable measurable population effect on monthly smoking prevalence.*

In 2013 in four countries of the International Tobacco Control four-country Survey
(Australia, Canada, UK, and USA), a marginal reduction in prevalence can be credited
to medications such as NRT. Noted high rates of relapse to smoking and stalled quit
rates are best explained as due to increasing unresponsiveness to quitting, rather than
to be due to NRT. In such a situation, new and different strategies will be needed>°—
which is likely to mean increased access of smokers to new harm reduction products.

Nicotine medications have been widely sold for over 25 years to relieve the
cravings when smokers quit. For creating a smoke-free 21st century, medicinal
nicotine as currently marketed, despite widespread availability and good safety
profile, remains a weak substitute for cigarette smoking5' and has failed to prove
itself as the game changer many were looking for.

NICOTINE HELPS PREVENT CANCER BUT DOES NOT CAUSE IT

If smokers switch from smoking tobacco cigarettes to nicotine products,
cigarette-caused cancers will be prevented, because those gases in smoke known
to cause cancer, such as 1,3 butadiene, are no longer inhaled.

Cigarette smoke causes most lung cancers. Nicotine itself does not cause cancer.

As noted above, exposure of rats to nicotine vapor for two years designed to mimic
twice the nicotine blood levels of heavy smokers produced no increases in tumours.

Experiments in mice have shown that low levels of exposure to nicotine, equivalent
to those in humans who use nicotine medications (NRT), do not cause lung cancers.5?
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The Lung Study in the USA followed thousands of ex-smokers for a total of 12.5
years. As these people had smoked for many years in the past, they were already
prone to cancer. Yet, compared to those who quit smoking entirely, risk of cancer
of the lung was increased only in those who continued to smoke, but not in those
using nicotine gum.

NICOTINE DELIVERY FROM
ELECTRONIC CIGARETTES

In 2012, some European brands delivered up to 50 micrograms of nicotine
per puff, in the lower tobacco cigarette range, but most fell far short.5 Some
products are inconsistent in nicotine delivery across the same brand, the same
variant, and by cartridge or label.

IN CARTRIDGE LIQUID

The nicotine content may range from zero through low, medium, and strong.
The nicotine in the cartridge liquid in many brands was less than the label
claimed. The usual strength was 18 mg or 1.8 percent of a 1 ml solution.5

IN VAPOR

A study of 16 European brands has shown that nicotine content of the cartridge
and vaporization efficiency can vary greatly by brand. On average 50 percent to
60 percent of the nicotine in the liquid was vaporized, and in many brands much
less.5* Brands tested delivered anything from 2.5 percent to 77 percent as much
as the nicotine delivered by a regular cigarette.5

DELIVERY OF NICOTINE

FDA scientists found that 33 puffs of 100 ml each from an electronic cigarette
without pause delivered 1 mg of nicotine’ (the same as one tobacco cigarette).
Many experienced vapers achieve this sort of absorption.

NICOTINE IN ROOM AIR

One e-cigarette releases 3 millionths of a gram of nicotine per cubic meter of
room air.?®* Modern laboratories can detect such traces.

ABSORPTION OF NICOTINE

E-cigarette vaping and smoking both result in similar levels of nicotine ab-
sorption as judged by serum levels of the nicotine-derivative cotinine. Fifteen
smokers increased their cotinine levels by 61 ng/ml after actively smoking or
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vaping. Similarly, passive smoking or vaping resulted in similar amounts of
nicotine inhaled. Fifteen never-smokers increased their cotinine levels by 2.4 to
2.6 ng/ml after passive smoking or passive vaping.” (Toxic gases behave quite
differently; for example, e-cigarettes do not emit carbon monoxide, whereas
smoke does.)

Nicotine from electronic cigarettes used in planes or crowded situations is
clearly not a health risk to those in close proximity. Measuring trace toxicants is
difficult and no-one has so far succeeded in measuring toxicants in the blood of
passive vapers. Airlines have understandably banned e-cigarette use, as security
is their priority, and trains may ban them for passenger comfort, but restrictions
on e-cigarette use indoors would be hard to justify on medical grounds, as e-ciga-
rettes (no ash, no smoke, no second hand smoke) do not emit sidestream smoke.
Propylene glycol, water vapor, and a trace of nicotine on the exhaled breath of
e-cigarette users are not harmful for vapers or bystanders. Legislation could
deter smokers from switching to less harmful vaping. In countries now enjoying
smokefree laws and spaces, however, once the social norm is not to smoke, then
by implication, the norm would be not to vape either.

We will take a more detailed look at e-cigarettes in Part 3 (and prior to that we
will examine “smokeless tobacco” in Part 2).

I ——
CONCLUDING THOUGHTS ON PART 1

Cigarettes are deadly, and far safer alternative products are now available. The
availability of lower-priced alternatives can be expected to greatly aid a switch
away from cigarette smoking.

Quitting cold turkey is the commonest way to quit, but quitting by switching to
using an electronic cigarette may be a more pleasant way to reach the same goal.

o Cigarette smoking should be much more highly taxed now that a safer and sat-
isfying alternative product is now available. This is the tipping point principle.

o Electronic cigarettes should be made as accessible as cigarettes. Electronic
cigarettes should be sold widely and lightly regulated to ensure product safety
(whether by regulation as a medicine as in the UK, or under consumer law).

e Smokeless tobacco is of much lower risk than cigarettes, and health warnings
and taxes should to reflect this.
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