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Key messages

Smoking increases the risk of myocardial infarction, sudden death, stroke and peripheral

artery disease of the legs by 2-4 times.

Whether or not snuff use is associated with an increased risk of myocardial infarction and
sudden death is still controversial. If there is an excess risk, it is very much smaller than
for smoking. For stroke or peripheral artery disease, there is no scientific information on

possible risks of snuff use.

Smoking and snuff use produces immediate increases in blood pressure and heart rate, but
do not seem to increase the occurrence of chronically elevated blood pressure

(hypertension).

Smokers, but not snuff users, have more artery wall changes (atherosclerosis) than non-

tobacco consumers when examined by ultrasound.

Smoking adversely affects a number of biochemical mechanisms that may lead to
atherosclerosis and clot formation. Much less is known about the effects of snuff use, but

so far no similar adverse effects have been documented.

Whether or not snuff serves as a gateway to smoking in young people is a matter of debate,

as yet unresolved.

Among adults, snuff is often used by former smokers as a nicotine substitute. It is
controversial if this is a viable and ethically correct strategy to reduce the health hazards of

smoking.




 Virtually all scientific information on health effects of snuff comes from two countries,
USA and Sweden. The effects on the cardiovascular system of snuff from other parts of the

world (often home-made and/or blended with various other substances) are unknown.

This review presents the scientific information currently available on the risks of
cardiovascular diseases (myocardial infarction, stroke and peripheral artery disease of the
legs) in smokers and users of snuff, a form of smokeless tobacco. It also presents what is
known about the effects of smoking and snuff use on cardiovascular risk factors, such as
elevated blood pressure, obesity, and diabetes. The biochemical mechanisms that make
smoking so devastating for the cardiovascular system are briefly described in relation to what
is known about the biochemical effects of snuff. Finally, tobacco policy implications are
discussed: if smokeless tobacco is less dangerous than smoking, should it be introduced as a
substitute for smoking in people addicted to nicotine (so-called harm reduction strategy), or
should it be universally prohibited because of its adverse health effects (as in the European
Union)?

The adverse effects of smoking on the heart and the vascular tree are well established
and will only be summarised briefly here; emphasis will be on the effects of snuff. With
regard to smoking, only cigarettes are covered. The little information that is available about
the effects in people who smoke pipe or cigars, indicate that the risk of heart disease and

stroke is similar (1) or somewhat lower (2, 3) than in cigarette smokers.

What is snuff?

Snuff is pulverised tobacco that, when it was first introduced in Europe in the 17"
centrury, was inhaled in dry form through the nostrils (snuffed). Today, most snuff is moist
and taken orally, either in a loose form or in tea-bag-like small packages (sachets) placed

between the gum and the chin or under the upper lip.




Two countries dominate the commercial snuff market, USA and Sweden. In United
States, snuff production involves a fermentation process, whereas Swedish snuff (locally
called snus) is prepared by a heating process without traditional smoke-drying, yielding a
semi-sterile product. Various blending ingredients are added to make various brands of snuff
taste differently.

In other countries, complex additives are used. For instance, “natrone powder” is an
important ingredient of the Sudanese snuff variant toombak. In South Africa, most snuff is
homemade, being a mixture of tobacco and other plant leaves. Betel quid, frequently used in
South Asia, is made with or without tobacco.

The complexity of snuff composition makes it difficult to make general statements about
the effects of all forms of snuff on the cardiovascular system. Nearly all scientific studies on
the health effects of snuff have been performed in the United States and Sweden, and the
results should be regarded as representative only of the kinds of snuff available commercially

in these countries (fermented and non-fermented, respectively).

Who uses snuff?

Cigarette smoking is pandemic, i.e. it is widely spread all over the word. The use of snuff
can best be described as endemic, which means that it is restricted to particular populations or
countries. Snuff use is quite common in North America, some of the Scandinavian countries,
India, Bangladesh and Southeast Asia and parts of Africa. In the United States and Sweden,
moist snuff is the only tobacco product with increasing sales during the last decade. Snuff is
often used in certain subsets of a population, such as athletes, male adolescents and young
adults and people in professions where smoking is not allowed (firemen!). As discussed
below, a large proportion of adult snuff users are former smokers.

Snuff is banned for health reasons in the European Union, but Sweden with its strong
tradition of snuff use is exempted. It may seem a paradox that cigarettes with their serious
health hazards are not prohibited. The ban followed a WHO recommendation where the
reasoning was that introducing another tobacco alternative to markets not yet exposed to snuff

would just worsen the tobacco problem.



What health hazards have been discussed?

A multitude of adverse affects caused by smoking on the vascular system and on factors
promoting clot formation are well documented. Does snuff involve the same risks? There are
much fewer studies performed on the effects of snuff than on the effects of smoking. The
research on potential health hazards of snuff has focussed on the risks of cardiovascular
disease, cancer, oral diseases and addiction. Increased risks for diabetes and osteoporosis
have also been discussed. Cardiovascular diseases are the main topic of this review. The

current knowledge about the other disorders is briefly summarised later in this review.

Myocardial infarction and other forms of cardiovascular disease in snuff users — what is the

evidence?

As shown in Table 1, smoking markedly increases the risk for myocardial infarction,
sudden death, stroke and peripheral artery disease (claudication and sometimes gangrene in
the legs). The risk increase is dose-dependent, so that high consumers of cigarettes have a
higher risk than people with lower consumption. Yet, even at daily consumption below 5
cigarettes per day, there is a clearly increased risk for cardiovascular disease.

The possible relationship between snuff use and cardiovascular disease has been explored
much less. In fact, there are only three studies that have studied the relationship, all of them
performed in Sweden. The results are somewhat contradictory.

The first study investigating the relationship was done among 135,000 construction
workers in Sweden (4). In the years 1971-74 they underwent a health examination and they
were asked about tobacco habits, including the use of snuff. Twelve years later, the Swedish
cause-of-death register was checked — had the workers who participated in the health survey
died and, if so, what was the cause of death? Compared to non-tobacco users, those who used
snuff in the beginning of the 1970s were found to have a 40% higher risk of cardiac death
(from myocardial infarction or sudden death with a presumed cardiac cause), whereas the risk

was 85% higher in smokers than in non-tobacco users (Construction workers in the figure).



Obviously, this finding was in agreement with what was previously known about
cardiovascular hazards conferred by tobacco smoking.

In two more recent studies, it has been very difficult to confirm that snuff use increases
the risk for myocardial infarction. Both were performed within the framework of the Northern
Sweden centre of the WHO MONICA Project, which is a very large multinational study of
cardiovascular diseases and their risk factors. In the first of these studies, patients who had
suffered a myocardial infarction were interviewed about their tobacco habits and other risk
factors and they were compared with people that had not had a myocardial infarction (so-
called case-control study) (5). If the patient had died, a family member was interviewed. As
shown in the figure (WHO MONICA 1), smokers had a nearly 4-fold increase in the risk for
myocardial infarction, whereas snuff users did not appear to have any excess risk.

The same research group performed another, larger case-control study and they collected
more detailed information on tobacco habits (6). This time, the control persons were strictly
matched — they were of the same sex, were born on the same day and were living in the same
area as those who had had a myocardial infarction or who had died suddenly from a probable
cardiovascular cause. This study also failed to show an increased risk of myocardial infarction
in snuff users compared to men who had never used tobacco (WHO MONICA II in the
figure). Based on the data given in the article, the risk for myocardial infarction is estimated
to be about 3-4-fold higher in regular cigarette smokers than in regular snuff users (6).

The results of the three studies agree on one point: the risk for a severe cardiac event is
much smaller in snuff users than in smokers. But in the comparison between snuff users and
non-tobacco users the results are discrepant. The first cohort study on construction workers
showed an increased risk whereas the ensuing two case-control studies did not. There are
several possible explanations for this discrepancy. The construction worker study was based
on causes of death recorded by official vital statistics. As discussed later, nicotine has
immediate effects on the heart rate and there is a possibility that snuff causes disturbances of
the heart rhythm (arrythmia). This could enhance the risk of sudden death. The two later
studies were not designed to explore the risk for sudden death, and they did not have a

sufficient number of patients to detect a small increase in this risk.



Also, there has been a change in snuff use among Swedish men during the last decades,
the high-prevalence groups gradually shifting from elderly low-educated men to young and
middle-aged men with a high level of education. In the construction worker study, snuff users
had, as a group, an unfavourable risk factor profile at the health survey in the beginning of the
1970s with higher body mass index and higher resting blood pressure levels than non-tobacco
users (4). Several studies performed during the 1990swere not able to confirm that snuff users
have elevated resting blood pressure or increased body weight (7-11). Since a large
proportion of adult snuff users in Sweden today are former smokers, it could be argued that
they constitute the most health-conscious part of the population of tobacco consumers.
Possibly, they have other more favourable health behaviours as well, not present among snuff
users 30 years ago.

A third possible explanation for the apparent discrepancies between the results of the
construction worker study and the more recent studies is that the composition of moist snuff
has changed over the years. The content of some of the toxic products (tobacco-specific
nitrosamines, see below) was reduced by half in Swedish snuff from 1983 to 1992 (12), and
this could perhaps be associated with the reduced health hazards of snuff.

It has also been suggested that factors not measured in the studies may have influenced
the results. For instance, a number of social factors and the alcohol consumption pattern (all
known to affect the risk of myocardial infarction) may well have been different in snuff users
among construction workers in the early 1970s and snuff users in the general population 20
years later.

As shown in table 1, smoking is a strong risk factor for both stroke and peripheral artery
disease. As for myocardial infarction, the relative risk is highest in young and middle-aged
people and then decreases with increasing age. However, as the risk in absolute numbers is
much higher in old age (even in non-smokers), smoking causes just as many strokes or new
cases with peripheral artery disease in the elderly as in middle-aged people.

There is a dearth of studies that have explored the risk of stroke or peripheral artery

disease in snuff users.



Does snuffing promote artery lesions as much as smoking does?

Two studies, both conducted in Sweden, have used ultrasound to detect thickening of the
artery wall and atherosclerotic changes among smokers, snuff users and non-tobacco users. In
the first study, middle-aged firemen were investigated (13). Those who smoked regularly had
considerably more signs of atherosclerosis when compared to non-tobacco users. However,
their colleagues who were regular snuff dippers did not have more thickening of the wall of
the main neck artery leading to the brain than non-tobacco users had.

In the second study, both the main arteries to the leg (femoral arteries) and the main neck
arteries (carotid arteries) were investigated by ultrasound in a random sample of middle-aged
men (14). Regular smokers, but not snuff users, had much more carotid or femoral lesions

(atherosclerosis) compared with men who had never used tobacco.

Does smoking and snuffing affect factors causing artery lesions and clots?

Smoking accelerates the processes that lead to artery disease (atherosclerosis) and clot
formation by many different mechanisms. Table 2 lists some of the most essential mediating
factors.

The factor that has attracted most attention in relation to smokeless tobacco is blood
pressure. Snuff causes a rapid rise in both systolic and diastolic blood pressure and in heart
rate. This persists as long as the nicotine is absorbed. The rise in diastolic blood pressure is in
the order of 5 mmHg (15). In one early study, average resting blood pressure was found to be
elevated in snuff users compared to non-tobacco users (16), but none of the studies performed
during the 1990s and early 2000s have been able to find elevated blood pressure or increased
prevalence of hypertension among snuff users (7-11). It is possible that the change in sodium
content of snuff could partly explain the discrepancy between early and later studies.

Smokers have low circulating levels of antioxidant vitamins, such as ascorbic acid,
carotene and vitamin E (tocopherol). These levels are not lowered in regular snuff users (17).

The reason for the low levels in smokers is partly their lower intake of antioxidant vitamins



with the food, and partly that they seem to consume antioxidants at a faster rate as a defence
mechanisms against the free radical formation induced by tobacco smoke.

Smokers also usually have elevated plasma levels of a substance called C-reactive
protein. This reflects ongoing inflammatory and infectious processes. Inflammation, perhaps
also viral infections, plays a crucial role in the atherosclerotic process. Snuff users have the
same levels of C-reactive protein as non-tobacco users have (14).

Another substance with an increased production during inflammation is fibrinogen (much
of an elevated sedimentation ratio is due to high levels of fibrinogen in the blood). High levels
of. fibrinogen, in turn, promotes clot formation. Smokers usually have high fibrinogen levels,
whereas the levels are not elevated in snuff dippers when compared with non-tobacco users
(10). In addition, smokers, in contrast to snuff users, have increased formation of
thromboxane A2, that reflects activation of platelets and elevated risk of clot formation (18).

As a defence mechanism against clot formation, we have a fibrinolytic system that serves
to dissolve clots as they are formed. Poor activity of the fibrinolytic system has been found to
increase the risk of myocardial infarction, particularly in young and middle-aged people.
Smoking adversely affects several steps in the fibrinolytic system, whereas snuff dipping does
not seem to have the same adverse effects (10).

As a caveat, it should be mentioned that nicotine has been shown to accelerate
biochemical and physiological processes that are involved in the development of
atherosclerosis. Most of these effects have been demonstrated in tissue culture systems and
experimental animals (18). If nicotine will be confirmed to be a culprit also in the
atherosclerotic process in humans, this would seriously caution against the long-term use of

both snuff and nicotine replacement therapy.

Snuff and the risk for disorders other than cardiovascular

Recently, the interest in snuff as a promoter of disease has turned to diabetes. Long-term
use of nicotine replacement (gums, patches, nasal sprays, etc.) has been associated with
insulin resistance and high levels of insulin in the blood (19). In other settings, insulin

resistance may precede the development of diabetes, and it could well be that snuff has the
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same effects as nicotine gums and patches. Indeed, one report on a very limited number of
newly diagnosed patients found an increased risk for type 2 diabetes in snuff dippers
compared to non-tobacco users (20). There are, however, studies that have failed to show that
snuff users have higher levels of insulin than normal (10) or that they have an increased risk
for diabetes (Rodu and Asplund, in manuscript). A possible explanation for the divergent
results may be that many snuff users are former smokers, and that smokers seem to have an
increased risk for diabetes. Anyhow, the finding of an excess risk of diabetes in snuff dippers
need to be confirmed (or refuted) in new studies.

Substances that can cause cancer (so called tobacco-specific nitrosamines) can be
absorbed from snuff to a considerable extent, and snuff dippers have as high levels of these
substances incorporated into hemoglobin and DNA as cigarette smokers have. As early as
1937, it was described that the great majority (70%) of patients with cancer in the anterior
part of the mouth used smokeless tobacco (21). When a consensus panel under the auspices of
the US National Institutes of Health reviewed the available evidence in a report published in
1988, snuff and other forms of smokeless tobacco were pointed out as culprits in the causation
of mouth cancer (22). In analogy with cigarette smoking, smokeless tobacco has also been
implicated as a possible causative factor in cancer in the pharynx, the oesophagus, the
stomach and the urinary bladder. For a number of years, all snuff packages sold in Sweden
were carrying the label ”Snuff causes cancer”.

Several studies published in recent years have, however, failed to confirm the suspicion
that snuff marketed in Western countries causes cancer (4, 23-26). The types of cancer being
considered here are, however, not very common, and the studies have usually not had the
statistical power to exclude a very modest excess risk. It may also be that different forms of
snuff have different cancer-promoting effects. Thus, when all information available in the
scientific literature is reviewed, it seems that dry snuff increases the risk for cancer in the

upper respiratory tract considerably, whereas no increased risk has been documented in
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people who use moist snuff (27). It may also be that the cancer-promoting effects of snuff
studied in early reports were different from those in the kind of snuff that is manufactured
today. Recently, the Swedish health authorities decided to remove the label “Snuff causes
cancer” on the packages because of the lack of scientific evidence for the statement.

Betel quid, frequently used in India and other parts of South Asia, increases the risk of
oral cancer (28). Many betel preparations contain also tobacco, and it is possible that tobacco
may act together with alkaloids in the betel to cause oral cancer.

Even if it has been difficult to implicate snuff as a culprit in mouth cancer, it clearly has
other effects on oral health. At the site where the tobacco is placed (for instance under the
upper lip in Sweden, between the lower gum and the chin in United States) there are local
tissue reactions with thickening and whitening (termed leukoplakia) of the mucous
membranes (7). These changes are worse in heavy snuff users, particularly if it is in the form
of loose snuff (i.e. not portion-bags). The changes are usually reversible after cessation of
snuff use. Snuff users also often have gingival recessions (the part of the gums covering the
teeth is retracted). These changes seem to be irreversible (29).

An increased risk of osteoporosis in people who use smokeless tobacco has been
proposed but, so far, there is no scientific information that has confirmed this hypothesis.

The most obvious medical effect of snuff dipping is that of addiction. Soon after placing
smokeless tobacco in the mouth, nicotine peaks in the circulation at very high levels, and
snuff seems to be at least as addictive as cigarette smoking (30). Some snuff users replace the
portion more or less continuously throughout the day and they constantly have high blood
levels of nicotine. The success rate among people who try to quit using snuff is no better than
that among cigarette smokers (31). Intervention programs to help people quit using smokeless
tobacco have been used with reasonable success when compared with the effects of anti-

smoking interventions (32, 33).
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Why the difference between snuff and cigarettes?

Let us for a moment leave the issue of the possible health hazards of snuff dipping
compared to non-tobacco use to concentrate on the comparison between snuff use and
smoking.

All three studies on snuff and myocardial infarction agree that there is a marked
difference in risk between cigarette smoking and snuff use (4-6). This occurs despite the fact
that nicotine content, nicotine absorption, nicotine levels in the blood and the risk of nicotine
addiction is about the same with cigarettes and snuff. It seems that tobacco constituents other
than nicotine account for the differences in risk of myocardial infarction and atherosclerosis
in other parts of the vascular tree. Nicotine is not an important contributor to myocardial
infarction (and maybe not to atherothrombotic mechanisms in general, a caveat being nicotine
effects observed in tissue culture experiments, see above).

Many of the components of tobacco smoke are produced when tobacco is burned and
inhaled. To summarise some the evidence (for detailed references, see(25, 34, 35)):

e Some tobacco components are better absorbed through the airways than through the
mucous membranes of the mouth.

e The process of burning tobacco produces toxic substances, for instance through a process
called endogenous nitrosation.

e Among the about 2,500 chemical substances identified in tobacco smoke, several moieties
(for instance tobacco-specific nitrosamines, polycyclic aromatic hydrocarbons and a wide
variety of oxidant gases) have been implicated as agents causing cardiovascular disease.

e A specific chemical compound, 1,3 butadiene, that accelerates atherosclerotic plaque
formation has been identified in environmental tobacco smoke.

e Cigarette smokers have elevated levels of carbon monoxide in their blood and this has
also been implicated in the pathogenesis of smoking-related cardiovascular disease.
However, the clinical and experimental evidence to support this hypothesis is not very

robust.
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Further support for the contention that tobacco smoke is very different from smokeless
tobacco in causing disease comes from the cancer field. The case of lung cancer is obvious.
But also when it comes to cancer in the mouth and pharynx the difference between snuff and
tobacco smoke, despite both having local effects on the mucous membranes, is striking.
Smoking confers a marked increase in the risk for risk for cancer of the mouth and pharynx
but, as discussed above, it has been difficult to implicate snuff as a causative agents in these
types of cancer. As with atherosclerosis and myocardial infarction, it seems that burning
tobacco produces the most deleterious substances.

It should be emphasised that the composition of smokeless tobacco varies greatly around
the world. An abundance of substances are added to create local variants of snuff, and some
of the additives may contain exceedingly high concentrations of cancer-promoting substances.
In the two main snuff-producing countries, the manufacturing processes are different. In
United States, it involves a fermentation process, whereas Swedish snuff is nowadays
prepared by a heating process without traditional smoke-drying, yielding a semi-sterile
product with a lower content of toxic substances like tobacco-specific nitrosamines than
previously (25). It must also be noted that, even within a country, there are wide variations in
the content of nicotine and cancer-promoting tobacco-specific nitrosamines between different

brands of moist snuff (36).

Is snuff a gateway to smoking or a way out?

Even if the direct health hazards of snuff may be very modest, the habit of snuffing may
still be detrimental to health if it serves as a gateway to smoking. Studies among US Air
Force recruits (37) as well as among Swedish boys (38) have shown an increased risk to start
cigarette smoking among those who have experimented with smokeless tobacco. Switching
from smokeless tobacco to smoking is common in US college students (39). These
observations together would suggest that snuff might indeed be a gateway to smoking.

There are, however, several problems in interpreting these results. Young people who
take up smoking often have a drug- and risk-seeking lifestyle, and experimenting with snuff

may be yet another expression of this lifestyle. The Swedish experience is also that the
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prevalence of smoking is higher among teenager girls than among boys despite boys more
often having tried snuff. The issue of snuff as a gateway to smoking is extremely difficult to
explore scientifically, at least by the use of quantitative research.

In countries where snuff dipping is endemic, it is commonly used to quit smoking. The
situation in Sweden is particularly illustrative. About half of middle-aged snuff users are ex-
smokers (6, 40). In smokers, cigarette consumption is about half in those who concomitantly
use snuff compared to those who only smoke cigarettes. In northern Sweden with a tradition
of widespread snuff use, the prevalence of cigarette smoking among men is the lowest in
Europe (and lower than in the south of the country with less use of snuff) (41). Lung cancer
rates are also exceedingly low by international comparisons (42). Whereas the proportion of
the population who are tobacco consumers has remained constant over the last 15 years, the
number of smoking men has declined at the same rate as the number of snuff users has
increased. Today, there are two snuff dippers for every man who smokes. Recently, the
proportion of women who use snuff has increased. At the same time, the proportion of
smokers among women has started to decline (Northern Sweden MONICA Study,

unpublished).

A complicated message

It is evident that the use of snuff involves much lower risks of cardiovascular disease and
cancer than cigarette smoking does. Proponents of snuff have applied the concept of harm
reduction: Can snuff be tried in inveterate smokers who have failed to quit despite using
nicotine replacement therapy or other medical interventions?

Only one intervention study of snuff as an aid to quit smoking has been reported so far. In
an open, uncontrolled, small study performed in the United States, a quarter of heavy smokers
that were recommended to use snuff instead of cigarettes were smoke-free at one year (43).
Nearly all quitters had previously tried nicotine patches or gums. All of them still used snuff
at the one-year follow-up. Clearly, if this disputatious strategy is to be tried further, high-

quality, controlled intervention studies are needed.
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We are confronted with extremely difficult questions: Are there circumstances that could
justify doctors to recommend the use of smokeless tobacco? What about the smoking patient
who asks if he/she should try snuff dipping instead? And even more challenging: in pragmatic
public health work, is snuff friend or foe?

People involved in the fight against tobacco intuitively refute the idea of treating
cigarette smoking with smokeless tobacco as being flawed. The anti-snuff position is
sometimes worded even more dramatically: “To promote smokeless tobacco in place of
cigarette smoking would be like encouraging sniffing cocaine as a safer alternative to
mainlining heroin” (44).

So, the concept of harm reduction by use of snuff is complicated and controversial.
Obviously, from a medical and moral point of view, the only reasonable norm is non-use of
tobacco. The goal should be a tobacco-free society. On the route towards this goal, we face
enemies that are more perilous than others. Smoking is the overwhelming threat to people’s
health. In countries with access to snuff, the controversy continues whether or not it should be

used to reduce the health hazards of smoking in the individual and in the population.

Unresolved issues

As is evident from this review, the hazards of cigarette smoking for the heart and other parts
of the vascular system are extremely well documented in the scientific literature. For snuff,
our knowledge is much more limited. Among the issues that need to be resolved are:

e Can the results of the Swedish studies on the risk for myocardial infarction and sudden
death be applied to all commercially available snuff brands, or are the hazards
different?

e Does home-made snuff used in many poor countries of the world involve risks for
cardiovascular disease that are different from those of snuff used in rich countries?

e Does snuff cause disturbances of the heart rhythm and, if so, does this increase the risk

for sudden death?
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e Does snuff use increase the risk for stroke and/or peripheral artery disease?
e Does the immediate rise in blood pressure and heart rate upon intake of snuff have any

long-term deleterious effects on the heart and the vascular tree?

It emerges from this list of unresolved issues, that it is wise to be cautious when discussion
the health hazards of snuff use and their impact on health policy — there is still much room

for improved knowledge.
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Table 1. Effects of smoking and snuff use on the risk for cardiovascular diseases

Disease/condition

Smoking

Snuff use

Myocardial infarction

Sudden death

Stroke

Peripheral artery disease of
the legs

3-4-fold increased risk

2-fold increased risk

2-fold increased risk

3-4-fold increased risk in
heavy smokers

No excess risk

Possibly modest risk increase
(40%)

No information available

No information available
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Table 2. Effects of smoking and snuff use on physiological and biochemical factors that

increase the risk for cardiovascular disease

Risk factor

Smoking

Snuff use

Blood pressure

Heart rate

Antioxidant vitamins

Fibrinogen

Fibrinolytic system

C-reactive protein

Blood sugar

Body weight

Immediate increase, but not
increased prevalence of
hypertension

Immediate increase, uncertain
if this has any long-term
effects

Low blood levels of vitamin
C (ascorbic acid), carotene
and vitamin E (tocopherol)

Elevated

High PAI-1 leading to
impaired ability to dissolve
clots

Elevated

Normal

Lower mean weight than non-
tobacco users

Same as smoking

Same as smoking

Normal

Normal

Normal

Normal

Normal, but one report on
increased risk for diabetes

Same body weight as non-
tobacco users




LEGEND TO THE FIGURE

Results from three studies that have explored the risk of myocardial infarction and sudden
cardiac death. The risk among non-users of tobacco is set at 1. An odds ratio of 3 means an
approximately 3-fold increased risk for myocardial infarction. The three studies (4-6) are

described in the text.
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