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Background There is on-going debate about the wisdom of substituting smokeless tobacco products for cigarette
smoking as a ‘harm reduction’ strategy. It is generally believed that health risks associated with smokeless tobacco use
(ST) are lower than those with cigarette smoking. However, the population attributable risk of smoking is higher for
cardiovascular diseases than for any cancers, and few studies or reviews have considered the cardiovascular outcomes of
ST use. A systematic review was therefore carried out to highlight the gaps in the evidence base.

Methods Electronic databases were searched, supplemented by screening reference lists, smoking-related websites, and
contacting experts. Analytical observational studies of ST use (cohorts, case-control, cross-sectional studies) were
included if they reported on cardiovascular disease (CVD) outcomes, or risk factors. Data extraction covered control of
confounding, selection of cases and controls, sample size, clear definitions and measurements of the health outcome and
ST use. One or two independent reviewers carried out selection, extraction and quality assessments.

Results A narrative review was carried out. Very few studies were identified; only three from Sweden consider CVD
outcomes and these are discrepant. There may be a modest association between use of Swedish snuff (snus) and
cardiovascular disease (e.qg. relative risk=1.4, 95% confidence interval 1.2-1.6) in one prospective cohort study. Several
other studies have considered associations between ST use and intermediate outcomes (CVD risk factors).

Conclusions There may be an association between ST use and cardiovascular disease. However, further rigorous studies
with adequate sampile sizes are required. Eur J Cardiovasc Prevention Rehab 11:101-112 @ 2004 The European Society of

Cardiology.
European Journal of Cardiovascular Prevention and Rehabilitation 2004, 111101112
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Introduction The biological mechanisms through which smoking

Coronary heart disease (CHD) is the most common cause
of death in the UK, and many developed countries [1]. It
is projected to be the single leading cause of death and
disability worldwide by 2020 [2]. The major risk factors
for CHD are smoking, high blood pressure, high
cholesterol levels, and lack of physical activity. Estimates
of relative risk (RR) for smoking and CHD vary between
studies, but tend to be between 1.5 and 3.0 {3,4].
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causes CIID are stll debated. Smoking appears to
increase CHD risk primarily through thrombosis (blood
clotting) [5], but may also influence atherosclerosis {6,7].
Evidence suggests that the blood nicotine levels from
smokeless tobacco (ST) use are similar to those of
smoking [8]. Nicotine itsclf has been shown to have
acute and systemic cardiovascular effects [9-12], but
other aspects of tobacco smoke may be more responsible
for oxidative damage [131.

Smoking *harm reduction’

There is increased intercst in  the concept  of
‘harm  reductior’, persuading resistant  smokers  to
reduce their smoking levels [14], or to switch
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to alternative less harmful products [15]. Nicotine
addiction is the main hurdle to quitting smoking
among those motivated, hence swapping to another less
harmful form of nicotine delivery may benefic public
health [16].

What is ST and how is it used?

Smokeless tobacco is tobacco consumed orally and not
smoked, and includes moist oral snuff, chewing tobacco,
and tobacco used with betel quid, areca nut, and other
ingredients [17-19]. Its use increased in the latter half of
the twentieth century in certain countries [19], particu-
larly the US and Sweden (where 20% of young males use
snuff) [20]. Forms of ST are also very commonly used in
the Indian sub-continent [21].

Population attributable risks of tobacco use and
cardiovascular disease

Recent Swedish studies have not found high risks of
cancers associated with oral moist snuff use, but the
incidence of oral cancers is very low [22]. In contrast, the
incidence of cardiovascular diseases is very high [1]
and increasing in many countries [2,23], and the
population attributable risk of cigarette smoking is
higher for cardiovascular disease than for most cancers
[24-26]. Smokeless tobacco contains many of the
same potentially noxious substances (nitrosamines
and nicotine) as smoked tobacco. The potential
cardiovascular health risks of ST usc have been over-
locked to date. A systematic review was therefore carried
out to summarize and highlight gaps in the knowledge
base. This review expands on a larger report, which
considered a range of health effects associated with ST
use [27].

Methods

Criteria for considering studies for this review

Study types

Analytical epidemiological studies (prospective and retro-
spective cohort, case~control and cross-sectional studies)
were included. These must contain users of a form of ST
and a group who use no tobacco products or smoke
cigarettes only.

Outcome measures

Studies reporting on cardiovascular disease outcomes
were included. Studies reporting on ‘intermediate’
outcomes {cardiovascular risk factors) such as blood
pressure or lipid levels were excluded from the
original review [27], but have been reported here for
completeness.

Exclusions

The ‘acute’ effects of nicotine and tobacco on the
cardiovascular  system, including increases in  blood
pressure and heart rate, have been well-described else-
where [13,28-35].
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Search strategy for identification of primary studies

A comprehensive scarch strategy was developed, as part
of a larger review [27]. This included electronic data-
bases, websites, contact with experts, and checking
reference lists. A few non-English language studies were
identificd, but not included (appendices available from
author on request).

Results of searches

Each of the 2923 records identified were scanned by at
least one reviewer to identify potentially relevant studies.
A conservative approach was utilized i.e., all papers were
retrieved unless sufficient details were available to decide
the study was definitely not relevant. A second reviewer
independently screened the first 1557 articles (from
MEDLINE) to double-check and minimize  errors.
Agreement between the two reviewers was high (kappa
=1(.74) (see Figure 1 for a summary of study searching,
inclusion, data extraction and quality assessment), The
inclusion criteria and data extraction forms were devel-
oped for the review, adapted from a form used previously
[36], and pilot tested. Once initially identified, two
reviewers extracted data from included studies.

Assessment of methodological quality

Unlike for randomized controlled trials, there are no
generally accepted lists of appropriate quality criteria for
observational studies [37] and there is little empirical
research relating aspects of study quality to resules [38}).
Specific aspects of quality, such as control of confounding
factors, selection of cases and controls, sample size, clear
definitions of the CHD and ST use, evidence of a dose~
response relationship were therefore detailed for each
study. ‘Table 1 describes each study in the order of
reference.

Results

Studies of cardiovascular disease outcomes
Prospective cohort study

One cohort study of T use and cardiovascular disease was
carried out in several different regions of Sweden.
Bolinder e al. |39] followed up Swedish construction
workers (135,036 men) for mortality outcomes from
cardiovascular discase (CVD)) and other causes for 10
years. The ST use was defined as current use of ST only
and ST users were never-smokers. Also, cigarette smokers
did not use any other forms of tobacco. Across all age
groups, there was a 40% excess risk of both CVD) death
and all-cause morralicy among ST users [RR = 1.4, 95%
confidence interval (GI) 1.2-1.6 for all GVI); RR = 1.4,

95% confidence interval (G 1.3-1.8 for all cause

mortality]. Among younger men aged 35-54, the age
and regional origin-adjusted RR of $T use for GHD
mortality was 2.0 (95% CI 1.49-2.9); for stroke, the RR
was 1.9 (95% Cl1 0.6-5.7), and for all GV deaths the RR
was 2.1 (95% C1 1.5-2.9). There werc no statistically
significant associations between STand CVD in the older
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2923 relevant hits were obtained
MEDLINE: 1557
EMBASE: 836
CINAHL: 393
Dissertation Abstracts: 103
Checking references lists

Screemng fecords
by Title: Keywards,
ks Abstract :

317 articles identified and considered
for inclusion eligibility

1557 articles from the
MEDLINE were independently
checked by two reviewers

17 foreign lanquage papers
identified as possibly
relevant were not included
in review (Appendix 2).

The first 41 papers assessed by
two reviewers independently.
Reviewers agreed on 90.24%,
Kappa = 0.74.

i Studies independently assessed

Included studies: 15

3 CHD outcomes
12 CHD rigk factors

for inclusion by two reviewers.
Agreed on 88%, kappa == 0.76.

' l! Excluded studies: 1

No comparison between ST use and
non tobacco use or smoking groups

Flowchart of search and selection strategy. CHD, coronary heart disease; ST, smokeless tobacco.

(55-64) age group, and the authors suggest this may be ‘a
healthy worker effect’. Equally, this may result from
‘selective mortality’ (carlier deaths among snuff users) or
simply chance.

Most of the major CVD risk factors [age, body mass index
(BMI), blood pressure, diabetes and history of heart
symptoms or blood pressure medication at the time of
entering study] were taken into account in these
estimates, except cholesterol and alcohol use. Relative
risks were not altered after control of these confounders
(though no numerical data is shown).

We calculated the population attributable risks (PAR) for
snus use and cigarette smoking using RR estimates from

this study, and estimates of prevalence of cigarette
smoking and snus usc among men in Sweden [40]. This
suggests that roughly twice as many cardiovascular
disease deaths could be attribuied to cigarctte smoking,
compared with snuff use, however 95% Cls arc wide and
almost overlap (Table 2).

Case-control studies

Two case—control studics of CVD) were included [41,42].
Both rccruited cases from the MONICA (Monitoring
Outcomes in Cardiovascular Discase) Sweden Project,
but the authors state that participants were different in
each study. The first paper used group-matched popula-
tion controls [41]. Snuff dippers had no increased risk of
myocardial infarction (M) compared to non-tobacco
users (sec Table 1). No dosc-response relation was




Tabie 1

Study and type
of 8T

Subjects, setting and years
of recruitment

s —
Cardiovascular disease outcomes: prospective coh
Bolinder, 1994 [39] Swedish construction work:
ORAL SNUFF USE ers who had health
check-ups in 1971-1 974.

Case-control studies
Huhtasaari 1992 {41}
ORAL SNUFF

First Ml cases and popula:
fion controls from Northern
Sweden, 1989-1991.

Description and quality assessment of studies

Sample size and number of ST users

[
ort study

135036 workers. Women workers
(less than 0.05%) were excluded
from the study.

1672 of those aged 35-54 years and
1734 of 5B5-65 years were ST
users.

In total, there were 8287 ST users,
14983 smokers of <15 cigarettes
per day, 13 518 smokers of >15
cigarettes per day.

8761 recent ex-smokers {quit smoking
15 years previously) and 9800 ex-
smokers who quit more than 5 years
previously.

There were 32546 non-users of
tobacco.

585 cases {first Mi) and 589 controls.

59 of cases and 87 of controls were
regular snuff dippers. 32 cases and
31 controls were concomitant smo-
kers and snuff users.

e e

e
Measurement of exposure,
outcomes and confounders

e

ST use was defined as present ST
usage to reduce misclassification.
Non-users in this study had never
used any tobacco. ST users had
never smoked. Cigarette smokers
did not use any other tobacco
forms.

Outcomes clearly defined with ICD
codes.

Most of CVD risk factors adjusted
for ST-outcome association ex
cept chatestero! and alcohol use.
Also age and regional  origin
adjusted.

STwas defined clearly (at least once
daily), and dose-response refa-
tion was analysed.

Outcomes clearly defined (MONICA
protocol).

Blood pressure, cholesterol and
diabetes prevalence were sirmilar
in cases and controls so they
were not included in the maodel.

Confounders adjusted for were age
and smoking {by ‘excluding’ snuff
users who alsc smoked}, Low
levels of education were also
considered separately as & risk
factor for Ml

[

Findings or resuits

Age group 35-54

RR of ST use for IHD: RR= 2.0, (95%
Cl 1.49-2.9).

Stroke: RR=1.9 (95% Ci 0.6-5.7).

All CVD: RR=2.1 (95% Cl 1.5-2.9).

All cancer: RR=1.2 (86% Clo.8-1.9).

All cause RR=1.9 (85% Cl 1.6-2.4).

Age group 55~65

Adjusted RR of ST use for HD:
RR=1.2 (85% Ci 1.0-1.5).

Stroke: RR=1.2 (95% Ct 0.7-1.8).

All CVD: RR=1.1 (95% Ct 1.0-1 A4).

Al cancer: RR=1.0 (95% Ct 0.8~
1.3).

All cause RR=1.2 (95% Ci 1.0-1.3).

Over all age groups

RR of ST used for all CVD:

RR=1.4 (95% Ci 1.2-1.8).

RR smoking <15 cigarettes per day:
RR=1.8 (5% C! 1.6-2.0}.

RR smoking > 15 cigarettes per day:
RR=1.8 (96% Cl 1.7-2.2).

Age adj. OR of snuff dipping vs. nNo
tobacco for Ml

35-54years: OR=0.98 (85% Cl
0.56~1.67)

55-64 years: OR=1.24 (95% Cl
0.67-2.30)

All ages: OR=0.89 (95% 0.62-1.29)
Snuff dippers had no increased risk of
M compared to non-tobacco users.

Snuff

< 2 gans weekly OR=0.83 {95% Cl
0.41~0.98).

>3 more cans weekly OR=0.93
(98% Ci 0.61-1 At)

In a logistic regression modet for M,
with smoking, snuff dipping, low
level of education, and age as
predictars, snuff dipping was not
significant.

Comments

IRt e e

95% of the workers did not come for
checkups, the reason is not clear,
Statistical power of the study is high
(in total 6297 users of 8T were
folowed up and 172 {HD deaths
occurred in this group). Healthy work-
er effect may play a role in 8T CVvD
mortality association.

When potential confounding due to age,
area of domicile, BMt, blood pressure,
diabetes and history of heart symp-
toms or blood pressure medication at
the time of entering the study was
analysed according to Mantel-Haen-
zel procedure, the RR of death from
CVD remained essentially unchanged.
“Reference category i8 male never
users of tobacco.

The study was planned within Northern
Sweden MONICA project. Cases
were identified according to MONICA
protocol. Controls were selected from
population and they were only group
matched. Respanse rate in controls
was 81.8%. A telephone survey was
conducted to check non-participants
smoking habits and they were found
10 be similar to participants.

Of the original set of case-controls
01.8% were excluded because of
missing smoking information. This
was common amongst the fatal case
pairs. To check the validity of ST
information obtained from spouses of
fatal MI cases, spouses of surviving
cases wers interviewed by telephone
9 months later. The agreement was
high for snuff use (98%). Information
or duration of use was not  high
quality. Median age of starting snuff
was 31.5 years explained by the fact
that many had started snuff in con-
junction with quitting smoking. Proper
statistical analyses were carried out.
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Huhtasaari 1999 First Mi cases and popufa-
[42] tion controls from North-
ORAL SNUFF ern  Sweden, 1991-
From same study pop 1993,
as Huhtasaari 1992
{41]
But participants  dif-
fered in each study

687 first Ml men cases and 687
matched controls from same coun-
try. The cases were MONICA Swe-
den project.

59 cases and 90 controls were
current snuff users and -non current
smokers; 20 cases and 11 controls
were both smokers and snuff users.

11 of the cases and 13 of the controls
were former snuff users but non-
smokers.

‘intermediate’ outcomes (cardiovascular risk factors) cross-sectional studies

Bolinder 1982 [11]

ORAL SNUFF

From same study as
Bolinder 1994 {39]

16~-65 years old Swedish
construction workers,
1971-1974.

Male volunteers <31 years,
recruited from University
students and schooltea-
chers.

Eliasson ef af,,
1991 [44]
ORAL SNUFF

97 686 construction workers who had
voluntary heaith checkups,

5014 of the participants were ST
users who had never been regular
smokers.

21 snuff dippers, 18 non-tobacco
users, 21 cigarette smokers

Detailed information about ST {pre-
sent use, previous use, amount,
type of preparation, age of onset
and whether or not snuffing was
associated with quitting smoking)
abtained. Median consumption of
snuff was 2 boxes per week in
both cases and controls.

Outcomes clearly defined (MONICA
protocol}

Confounders adjusted for include
hypertension, low level of educa-
tion, not being married or co-
habitant, diabetes, known high
cholesterol and heredity.

ST users were daily users.

Confounding: persons who had
mixed tobacco habits were ex-
cluded from the analyses to in-
crease validity, also adjusted for
age.

Snuff use clearly defined (at least
one can 509 per week}.

Measurement of outcomes clearly
described.

No attempt to adjust for important
confounders {see comments).

OR for different combinations of snuff
user tor Mh:

Current snuff user-non smoker: 0.96
(95% CI 0.65 to 1.41)

Current smoker, no current snuff use:
3.65 {2.67-4.99}

Current snuff user and smoker; 2.66
(95% Cl 1.24 to 5.71}

Former snuff user, never smoked: 1.23
(95% Cl 0.54 to 2.82)

In conditional regression model, reg-
ular use of snuff was adjusted

Adjusted OR of snuff use for all Mi:
0.58 (95% Cl 0.35 to 0.84). Ad-
justed OR of snuff use for all Mk
0.58 {95% CI 0.35 to 0.94).

Adjusted OR of snuff use for fatal Mi:
1.50 (95% Ci 0.45 to 5.08).

Reason for disability pension among
46-55 years old: OR of ST use vs
non-users for CVD diagnosis: 1.6
(95% CI 0.7-3.5) for hypertension:
3.0 {95% Cl 1.9-4.9).

Among 58-65 year olds: OR of ST
use vs non-users for CVD diagno-
sis: 1.5 (95% Cl 1.1-1.9).

Age adjusted RR of ‘frequent sick
leave’ {1 day or more for four times
or more per year) for all kind of
diagnosis was 1.1 {85% CI 1.0~
1.2) for ST users compared to non-
users. Age adjusted RR ‘Longer
sick leave’ {30 days in a year) was
1.2 (95% Cl 1.1-1.2) for ST users
compared to non-users,

Snuff users and cigarette smokers had
higher serum insulin levels. Snuff
users had no significant elevations
of other risk factors such as serum
cholesterol or triglycerides, diastolic
blood pressure (BP), haemoglobin
concentration, white cell count.

Of the original set of case-controls
21.8% were excluded because of

missing smoking information. This
was commoh amongst the fatal case
pairs. To check the validity of ST
information obtained from spouses of
fatal Mi cases, spousses of surviving
cases were interviewed by telephone
2 months later. The agreement was
high for snuff use (98%). Information
on duration of use was not high
quality. Median age of starting snuff
was 31.5 years explained by the fact
that many had started snuff in con-
junction with quitting smoking. Proper
statistical analyses were carried out.

The aim of the study was to evaluate ST

effect on blood pressure and other
health hazards. In this cross-sectional
study, reference group was those who
had never used any tobacco form. The
outcomes were questionnaire re-
ported symptoms, physical examina-
tion and disability pension due to
cardiovascular and musculoskeletaf
diagnoses.

Healthy worker effect highly possible.

Sample size is very small. Considerable

lifestyle differences exist between
cigarette smokers and non-tobacco
users e.g., physical activity levels fow-
er, higher alcchol and coffee con-
sumption among tobacco users then
non-users (risk profile worst for smo-
kers, intermediate for snuff dippers,
best for non-tobacco users). Also
substantial social class differences -
non-tobacco users and snuff dippers
were male volunteers, of similar social
class, but 35% of smokers were blue-
collar workers.
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Table 1 (Continued)

Study and type
of ST

Subjects, setting and years

of recruitment

Sample size and number of ST users

Measurement of exposure,
outcomes and confounders

Findings or results

Comments

Eliasson et al.,
1996 [45]

SNUFF DIPPING
(MOIST ORAL
SNUFF)

Siegel et al., 1992
{46}

ORAL SNUFF AND
CHEWING
TOBACCO

Tucker, 1989 [8}
ST USE (NOT
DEFINED)

Khurana et af,
2000 {47]

CHEWING
TOBACCO {NOT
DEFINED)

Part of MONICA project ~
population sample of men
aged 25-64 in Northerm
Sweden, 1990,

1061 members of seven
major Jeague basebali
teams and their asso-
ciated minor league
teams, Phoenix and Tuc-
son Arizona, spring 1989.

Adulft males who were em-
ployees of over 25 com-
panies participating in a
Health Examination Pro-
gramme.

Time period of study not

stated.

Patients attending ‘medical
outdoor, SMS Medical
College and Hospital, Jai-
pur, India, and volunteers
from society. Patients with
diabetes, hypertension,
renal disease, hepatic
impairment, endocrine dis-
orders, alccholics, meno-
pausal women, and those
on certain medications alf
excluded. No other details
given,

604 men, of whom 92 dipped snuff

regularly.

1061, of whom 473 were ST users.

2840, of whom 93 were ST users.

30 current smokers, 30 current tobac-
co chewers (both of >10 years
duration), 30 non-smokers and non-
chewers.

ST measurements clearly defined,
snuff dippers did not use other
tobacco products.

Biood analyses clearly described,
with overnight fasting and glucose
tolerance test. Also anthropome-
try (BMI, WHR) & BP.

Multiple regressions: predictors in-
cluded age, BMI, WHR, height,
cholesterol, HDL cholesterol, tri-
glycerides, and blood pressure.

ST use included type, brand, and
quantity (number of cans of snuff
or pouches of chewing tobacco
reportedly used per week). Seif-
reported use biochemically validated

Heart rate and pulse measured
twice, sitting. Blood samples ta-
ken.

Confounding: n=41 cigarette smo-
kers were excluded. Other covari-
ates adjusted by multiple logistic
regression (age, race, alcohol
consumption, serum caffeine}.

ST measurements not described, no
dose~response information.

Physical measurements  include
body fat (skin-fold callipers), phy-
sical fitness (step test), blood
samples (cholesterol),

M-H adjustments for age, educa
tional level, physical fitness and
smoking.

Methods of measuring lipid profiles
clearly described. No details of
types of tobacco chewers. No
information on confounding -
states no significant difference in
mean age between groups, that
participants ate ‘average India
diet, and had body weight ‘in
normaf range’.

There were no differences in plasma
fibrinogen, fibrinolytic variables (tPA
activity, PAI-1 activity), or glucose
intolerance among snuff dippers
compared with non-tobacco users,
Men who smoked cigarettes had
higher fibrinogen levels than non-
tobacco users, and evidence of a
dose-response refationship was
found.

No significant differences between ST
users and nor-users in systolic or
diastofic BP, pulse, total or LDL
cholesterol. No dose-response re-
lationships were found (e.g., with
years of use, or hours of use per
day, but data not shown).

ST users had lower mean white cell
counts than non-users.

The adjusted RR of hypercholestero-
laemia (defined as total cholesterol
>6.2mmol/l} was 281 (95% Cli
1.47-2.29 for ST use).

This compared with RR of 1.51 (95%
Ci 1.14-2,0} for smoking 1-20
cigarettes daily, and 1.98 (95% Cl
1.29-3.03) for smoking > 20 cigar-
ettes daily.

Current smokers had significantly lower
HDL (high density lipoprotein) than
non-smokers, and significantly higher
VLDL {very low density lipoprotein)
and TG ({triglycerides). TC (total
cholesterol) and LDL (low density
lipoprotein) were both also higher
among smokers, but the difference
was not statistically significant.

Tobacco chewers also had signifi-
cantly fower HDL, and significantly
higher VLDL and TG,

For example, HDL was 39.80+5.62 in
smokers, 37.55 £ 5.81 in chewers, and
44.38+ 3.86 in non-tobacco users.

Similarly, TG was 1544414388 in
smokers, 160.33 £ 47.76 in chewers,
96.49 + 28.78 in non-tobacco users.

There were no statistically significant
differences between smokers and
tobacco chewers.

Snuff use clearly defined, but limited to

males only (oo few female snuff
users). Reasonable participation rate
(79.2%).

Smokers were slightly older and had a

longer duration of tobacco use than
snuff dippers.

Potentially important confounders, such

as socio-economic status, educational
level, and physical activity were not
considered.

The aim of the study was to evaluate ST

effect on blood pressure and other
rigk factors.

Study limited to young, fit, males {77%

aged between 20 and 29). Predomi-
nantly white and well educated.

ST use not defined or described. ST

users were younger and less edu-
cated than non-tobacco users. Lim-
ited to males only.

Sample size small (30 in each of three

groups), unclear precisely how pa-
tients and volunteers were selected.
Very littie information provided on
these participants (no information on
sex, very limited information on age,
and other potential confounders). Va-
lidity of results is therefore question-
able.
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Bolinder et al,
1997 [48]
SNUFF USE

Bolinder et al.,
1997 (51}
ORAL SNUFF

Schroeder and Chen,
1985 [52]

TYPES OF ST NOT
DESCRIBED

Westman and
Guthrie, 1990 [53]

CHEWING LEAF
TOBACCO AND
SNUFF

Male firemen aged 35-80
years.

Male firemen aged 35-60,
Stockhoim City.

Volunteers, not specified.

Men attending rural county
fairs in Kentucky, US.

143, of whom 28 were long-term ST
users, 40 never-users of tobacco,
and 29 smokers.

144, of whom 50 were ST users, 68

non-tobacco users, and 33 smo-
Kers.

1663 volunteers over 18, 710 males,

923 females.

69 males were ST users, but blood

pressure reported for only 19 males
aged 18-25,

372 leaf tobacco users (25 light users,

less than 1 pouch/day, seven heavy
users), 15 snuff users, 27 non-8T
users.

ST user clearly defined (daily use for
more than 8 months).

Outcome: ultrasonographic exami-
nation of carotid artery clearly
described and carried out blind
to tobacco use status. Annual
compulsory fitness test, BP, blood
analyses.

Confounders considered included
biochemical risk factors, age,
BMI, blood pressure,

ST use clearly defined, as above.

Graded exercise test on a bicycle
ergometer, until exhaustion. Con-
tinuous recording of HR, ECG
respiratory rate, O uptake and
CO, production, and respiratory
rates. Fasting blood sample.

Test results adjusted for differences
in age, BMI, WHR, alcohol, phy-
sical training, occupational physi-
cal activity.

Not described

Exposure measured by question-
naire and clearly described. Qut-
come measurements nrot des-
cribed. Confounders not men-
tioned.

Snuff users did not differ significantly
from those who had never used
tobacco, in terms of intima medial
wall measurements or fumen dia-
meters of common carotid or bulb
area,

Significant increases in wall thickness
were tound for smokers.

Plagues were found in two ST users
and no never-users, but this differ-
ence was not significant.

No significant differences in maximal
work or oxygen uptake for ST users
compared with non-tobacco users.
Smokers performed  significantly
worse in terms of maximal work-
loads and oxygen uptake.

For example VO, max {mlL/min/kg)
for non-users was 3.51%0.51,
3.48+0.49 for ST users, and
2.88 +0.49 for cigarette smokers.

No dose-response relationships ob-
served with quantity of tobacco
used for ST users, but in smokers
a statistically significant negative
correlation between maximal work-
load and number of cigareites
smoked per day was observed.

Mean BP of 19 current male ST users
was 143.7/80.7mmHg, 23 male
cigarelte smokers 12771
70.0 mmHg, non-users of tobacco
131.68/72.8 mmHg.

This was statistically significant for

tobacco users combined versus
non-users (7.9 mmHg, P<0.01),
but no significance test was carried
out for 8T users versus non-tobacco
users.

Mean systolic BP of heavy tobacco

chewers was 15.1 mmHg higher
than that of non-users (P=0.007).
Systolic BP: 139.3+25.1 in heavy
users, 122.9+10.8 in light users,
124.2+13.5 in nomusers and
125+ 9.8 in snuff users.

Diastolic BPF: 31.3+18.9 in heavy
users, 79.3+9.0 in light users,
740*+13.6 in non-users and

74.3 £ 8.8 in snuff users.

Plasma renin concentrations, and ex-
cretion of sodium and potassium
tended to be higher in heavy users.

Small sample size—biochemical risk fac-

tors (serum cholesterol, LDL choles-
terol, triglycerides, fibrinogen) all
tended to be sfightly higher f(and
HDL cholesterol lower) among ST
users compared with never-users,
but differences not statistically signifi-
cant.

Study population may overlap with the

study above, Bolinder et al, 1997
[85]. ‘Healthy worker effect is possi-
ble: it may be harder to investigate
potentially deleterious effects of ST
use among healthy and physically fit
males.

Letter only—very fimited details. Unclear

why analyses limited to those aged
18-25, which much reduces the
sample size available.

Letter only, ST use clearly described but

few other details. Most notably selec-
tion is not described; heavy tobacco
chewers were substantially older
than non-chewers (3731149 vs
275+8.9 for non-users, 30.3£9.9
for light users, and 26.119.32 for
snuff users). it is also unclear whether
non-ST users used other forms of
tobacoo. Clearly, apart from age, other
lifestyle differences between the
groups could account for the differ-
ences in blood pressure.
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Table 1

(Continued)

Study and type
of 8T

Subjects, setting and years
of recruitment

Sample size and number of ST users

Measurement of exposure,
outcomes and confounders

Findings or results

Comments

Stegmayr el al,
1995 [54]
ORAL SNUFF

Persson et al, 2000
{55]
ORAL SNUFF

Part of MONICA project,
Northern Sweden, 1990.
Men aged 40-49.

Stockholm~men born dur-
ing 1938-1957 (aged
35-56 years), 50% had
strong family history of
diabetes.

17 snuff dippers, 26 cigarette smo-

kers, B4 non-tobacco users.

3162 men
376 former snuff users, 492 current
users

Snuff use clearly defined. Measure-
ments of outcomes described in
detail. Men with ‘mixed’ tobacco
habits were excluded, but no
other attempts to adjust for con-
founders.

Snuff use clearly defined and some
attempt to measure quantity used
per week. Outcome~glucose in-
tolerance and type i diabetes
clearly defined. Confounders con-
sidered include age, aicohol con-
sumption, BMI, tamily history of
diabetes, physical activity, cigar-
ette smoking.

Levels of plasma vitamins were similar
in snuff-dippers and non-tobacco
users.

Regular smokers had significantly
lower plasma levels of ascorbate
(P<0.001), lipid-standardized a-to~
copherol  {P==0.032), «-carotene
(P<0.001} and ascorbate, lipid-
standardized a-tocopherol, a-caro-
tene and B-carotene than non-to-
bacco users e.g. PB-carotene
0.37 pmol/l (86% Cl 0.32-0.42} in
non-tobacco users, 0.31 (95% Cl
0.22-0.40) in snuff users, and 0.26
(95% CI 0.2-0.32} in smokers.

No statistically significantly raised OR
for glucose intolerance associated
with oral snuff use or cigarette
smoking.

The OR of type il diabetes was raised,
but not statistically significant for
both current cigarette smokers and
current snuff users (OR=1.5, 95%
Cl 0.8-3.0 for current snuff users,
OR=1.3, 95% Cl 0.6~2.7 for
current smokers).

However, statistically significant OR
were found armong those who con-
sumed the most cigarettes or snuff.

{OR==2.7, 96% CI 1.3-5.5 for snuff
users consuming three or more
boxes per week, OR=2.6 95% CI
1.1~6.8 for smokers consuming 25
or more cigarettes per day).

8malf sample size, limited to males only.
Response rates reasonable (77.3%).
Intake of fruit and vegetables tended
1o be lower for smokers than for snuff
users and non-tobacco users.

Well-designed cross-sectional  study
with large sample size. Most important
confounders were considered. Expo-
sure and outcomes clearly described.
Representativeness of sample may be
an issue; 79% responded to initial
‘screening’ questionnaire, but then a
further 27.4% were excluded due to
incomplete answers, and only 70% of
those selected to take part agreed to
do so.

ST, smokeless tobaceo; RR, relative risk; Cl, confidence interval; IHD, ischaemic heart disease; BMI, body mass index; CVD, cardiovascular disease; MI, myocardial infarction; BP, blood pressure; WHR, waist-to-hip ratio; HDL,

high-density lipoprotein; LDL, low-density lipoprotein; HR, heart rate; ECG, electrocardiogram; M=H, Mantel-Haenzel; tPA, tissue plasminogen activator; PAl, plasminogen activator inhibitor.
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Table 2 Cardiovascular disease (CVD) deaths attributed to
smokeless tobacco (ST) use and smoking in men aged 35 and
over, in Sweden 1999

Number of CVD deaths
attributed {95% CI)

Cardiovascular disease
mortality PAR % (95% Cl)

Smokeless tobacco use
Smoking

<15 cigarettes a day 7% (6-9%)
> 15 cigarettes a day 8% (7-11%)
Total cigarette smoking 15% (13-20%)

Approximately 21 555 deaths from CVD among men over 35 in Sweden in 1999
140]. Estimated Swedish prevalence of ST use and cigarette smoking both about
20% in men [40]. Approximately half of these are light smokers (<15 cigarette
per day, and haif heavy smokers > 15 cigarettes per day) [Sylwan Lisen.
Swedish Cancer Society, 2003. {Personal Communication)l. PAR, population
attributable risks; Cl, confidence interval,

7% {4-11%) 1597 (829-2309)
1597 (1220-1960)
1780 {1410-2309)
3376 (2630-4269)

shown between snuff use and ML In a logistic regression
model for MI (including smoking, low levels of education,
and age), snuff use was not a significant risk factor for M1
Blood pressure, cholesterol, and diabetes prevalence were
similar in cases and controls so not included in the
multivariate model.

In the second paper by Huhtasaari er /. [42], (Table 1)
more detailed information about ST (present use,
previous use, amount, type of preparation, age of onset
and whether or not snuffing was associated with quitting
smoking) was obtained from MI patients, or if cases had
died, from next of kin. Median consumption of snuff was
two boxes per week in both cases and controls. Median
age of starting snuff use was 31.5 years, which may be
explained by the fact that many had started snuff in
conjunction with quitting smoking. Regular use of snuff
was adjusted to control for confounding by hypertension,
low levels of education, not being married or cohabiting,
diabetes, known high cholesterol and heredity in condi-
tional logistic regression. Odds ratios (OR) for all and
fatal MI remained statistically insignificant after this
adjustment.

Explanations for the differences between the prospec-
tive cohort and case-control studies

It is difficult to assess why these studies should have
obtained such discrepant results. Bolinder’s study [39]
was carried out 10 years earlier, and it is possible that
types of snuff in use may have changed during this time
period [20]. All three studies have some non-response
bias—in Bolinder’s around 25% of employees did not
attend the baseline assessment, and in Huhtassari’s
around 20% of the case-series did not take part.
Bolinder’s study is prospective, large, and well designed,
and its 40% excess mortality risk should not be dismissed.
Misclassification of tobacco users is possible, as smoking
was not re-measured after baseline in this survey,
However, at a population level a higher proportion of
cigarette smokers have quit to use snuff than vice versa
{43]. This could result in an underestimate of the risk
associated with cigarette usc, making it appear more
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similar to that of snuff use, but should not greatly affect
the risk associated with snuff use. Adjustment for
confounders in each study might have played a role.
Unlike Bolinder’s cohort, [luhtasaari’s studies [41,42]
adjusted for low levels of cducation and marital status
along with other factors. Towever, this is not likely to
explain all the association as the cohort was relatively
uniform socio-economically (construction workers), and
Swedish surveys during the 1980s show lictle differences
in snus use by socio-cconomic status [40}. Huhtasaari’s
studies are well designed, but are not prospective, and
may dilute risk estimates slightly because of inclusion of
occasional and former smokers in the reference group, or
recall biases.

Studies considering ‘intermediate outcomes’ (CHD risk
factors)

Studies of multiple risk factors

A number of cross-sectional studies have evaluated the
relationship between ST use and CVD risk factors. These
studies can be hard to interpret, as the time relationship
between ST use and CHD risk factors is uncertain
(previous exposure to STuse may be more relevant than
exposure at the time of the study).

Bolinder’s large study of mortality among construction
workers also considered receipt of disability pensions, and
symptoms among cxclusive snuff users compared with
non-tobacco users at bhascline [11]. Among 46-55 year
olds, snuff users were more likely to have a CHD
diagnosis or hypertension (OR = 1.6, 95% Cl 0.7-3.5 and
OR 3.0, 95% CI 1.9-4.9, respectively).

One Swedish study reassuringly found little evidence of
increased risk factors among young male ST users, cxeept
for elevated serum insulin and higher fibrinogen levels
[44]. However, this study was very small (z= 60), used
‘convenience’ volunteer samples, and was limited to
young men under the age of 30. Evidence was found of
differences in other CHD risk factors (such as increases
in alcohol and coffece consumption and lower exercise
levels compared with non-tobacco users), and there were
differences in cducational levels between cigarette
smokers, snus users, and non-tobacco users. As no
multivariate analyses were performed, it is difficult to
attribute any differences observed to snuff use or other
lifestyle factors. It is also possible that further changes in
risk factors may occur with Jonger-term snuff use among
older men.

A further North Swedish study, (part of MONICA) found
no associations between ST use, plasma fibrinogen, serum
insulin and fibrinolytic variables [43], despite high plasma
nicotine, and higher plasma cotinine levels among snuff
users compared with cigarette smokers. Cigarctte smo-
kers, however, had significantly raised plasma fibrinogen.
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These findings were supported by a further large cross-
sectional study (z = 1061) of young male baseball players
in the USA [46). All participants were well educated and
there were no significant differences between users and
non-users. After adjustments, no associations were found
between ST use with systolic or diastolic blood pressure,
pulse, and total or high-density lipoprotein cholesterol.
Again, these arc relatively young men, and also light,
often seasonal users of ST [46]. Whether risk factor
profiles would be altered among older men or women,
with higher use remains unexplored.

Hypercholesterolaemia

‘Two studies considered the relationship between ST use
and cholesterol levels. One lasge cross-sectional study
(n = 2840) from the USA found a 2.5-fold increased risk
of hypercholesterolacmia among ST users compared with
non-tobacco users (RR =2.51, 95% CI 1.47-4.29) {8}
The risk among cigarette smokers was also raised,
(RR = 1.51, 95% CI 1.14-2.0). Possible confounding with
dietary factors, however, was not considered. Smokeless
tobacco use was more common in vounger and less
educated subjects. The types of STused were not stated
or described.

One further small study from Jaipur, India, compared
lipid levels among 30 smokers, tobacco chewers, and non-
tobacco users [47]. Tt is not very clear how the
participants were selected, and the type of tobacco used
is not stated. Tt is also unlikely that major confounders
(such as dict) were considered; the sex distribution of the
participants is not even given. However, statistically
significantly higher levels of low-density lipoprotein
cholesterol, very low-density lipoprotein cholesterol, and
triglycerides, and lower levels of high-density lipoprotein
cholesterol were found among both the smokers and
chewers compared with non-smokers. No statistically
significant differences were found between the smokers
and chewers.

Atherosclerosis and other risk factors

One Swedish study of carotid artery ultrasonography
among 143 middle-aged firemen found no evidence of
increased wall thickness of the artery or carotid bulb
among ST users (significant increases among cigarette
smokers were observed) [48]. No statistically significant
increases were found in atherosclerotic plaques, or other
cardiovascular risk factors (lipid fractions, blood pressure)
among S'Tusers though these tended to be slightly higher
than among those who had never used tobacco. Exposure
to nicotine, however, was 37% higher among the ST users
than cigarette smokers.

Physical capacity
Low levels of fitness are independently predictive
of cardiovascular mortality [49,50]. A further study of

physical performance from the same population of
firemen [48,52] found that long-term use of S1" did not
significantly influence exercise capacity (no significant
differences in maximal work performed or oxygen uptake
between snuff dippers and non-tobacco users, cigarette
smokers however, performed significantly worse) [52].

Hypertension

A number of studies have considered the effects of STuse
on blood pressure, although the majority of these have
considered the ‘acute’ effects rather than pessible chronic
influences. Bolinder’s study (described above) found
associations between ST use and blood pressure [11]. Ina
cross-sectional study from the 1980s, Schroeder and Chen
[52] found a relationship between ST use and higher
blood pressure among 710 young men volunteers aged
18-25. The mean blood pressure of 19 ST users was
143.7/80.7 mmHg compared with 131.6/72.8 among non-
tobacco users. This report was in the form of a leteer, and
no other details of the participants, selection, and
possible confounding factors were provided.

A further cross-sectional study of ST use and hyperten-
sion in the USA reported that mean systolic blood
pressure was significantly higher among ‘heavy’ tobacco
chewers compared with non-tobacco users (139.3 = 25.1
versus 124.2 + 13.5). Diastolic blood pressure was also
slightly but not significantly raised [53]. Snuff use was
not associated with higher blood pressure. The authors
attribute this to the high liquorice content of chewing
tobacco, but not of snuff. ITowever, the study was
reported as a letter, sample size was small, and selection
unclear, and other potential lifestyle factors (such as
physical activity or BMI) were not controlled for. Indeed,
‘heavy tobacco chewers’ were 10 years older than non-
chewers, and this alone could account for much of the
increase in blood pressure (snuff users were slightly
younger than non-tobacco users).

Anti-oxidant nutrients

A further study from the MONICA project in Northern
Sweden considered the effects of ST use on plasma levels
of anti-oxidant vitamins in a small sample of 40-49 year
old males (ascorbate, tocopherols, carotenoids) [54].
Regular smokers had significantly lower levels of ascor-
bate, lipid-standardized a-tocopherol, a-carotene and f3-
carotene than non-tobacco users. Levels among snutf
users were generally similar to non-tobacco users, cxcept
that slightly lower a- and B-carotene were observed.
However, consumption of fruit and vegetables tended to
be lower for smokers than the other two groups, though
these differences were not statistically significant. The
authors suggest that high turnover of these vitamins in
cigarerte smokers may therefore be caused by compo-
nents of tobacco smoke other than nicotine, though the
sample size is small (z = 97).




Glucose intolerance and diabetes

One Swedish study has examined the relationship
between use of oral moist snuff, cigarette smoking, and
glucose intolerance in men [55]. This was a large, well-
designed cross-scctional study. A raised but nort statisti-
cally significant relationship between both current snuff
use and cigarette smoking was found with type il
diabetes (OR 1.5, 95% Cl 0.8-3.0 for current snuff use,
OR = 1.3, 95% (1 0.6-2.7 for current cigarette smoking),
but not with glucose intolerance or insulin resistance. A
dose~response relationship was also found; both snuff
users and cigarette smokers consuming the most tobacco
had the highest odds ratio for diabetes (OR = 2.7, 95% Cl
1.3-5.5 for snuff users consuming three or more boxes per
week, OR = 2.6, 95% C1 1.1-5.8 for smoking 25 or more
cigarettes per day).

Discussion

Numerous studies have cxplored the possible influence
of ST use on cancers, cspecially oral cancers. Most of
these cancers are relatively rare. For example, in the UK
the incidence of oral cancers (ICDD) 9, 140-149) was 9.3
per 100000 in men, 5.0 in women in 1994 {22].
Conversely, estimates of the MI (ICD 9, 410-414)
incidence in men are 100-fold greater, at 950 per
100000 in the UK [56]. Estimates for women vary from
94-265 per 100000. Studies investigating oral and other
cancer outcomes must have had sufficient power to
report on much more common cardiovascular outcomes;
however, these results are generally not reported in the
published literature. The potential cardiovascular effects
of ST use have thus been largely overlooked.

The evidence for an effect of cigarette smoking on CVD
risk is clear-cut, but an area of contention is how exactly
these effects are mediated. Most studies have found very
low cardiovascular risks associated with medicinal nico-
tine products (nicotine replacement therapies such as
patches and gum) [57-59]. In conjunction with several
studies showing little increased CVD risk factors or risk of
CHD associated with ST, this suggests that nicotine per se
may not be a major factor promoting atherosclerosis or
thrombolysis, and other components of smoked tobacco
may be responsible [45].

One well-designed and very large prospective cohort
study found an increased risk of CHI) deaths in Sweden
[39]. Based on this study, it seems possible that there is a
modest risk of cardiovascular disease associated with snus
use in Sweden. Calculation of PARs for snus use and
cigarette smoking from the estimates of RR in this study,
and estimates of prevalence of cigarette smoking and
snus use among men in Sweden, suggest that roughly half
the number of CHD deaths could be attributed to snus
use compared with cigarette smoking. Several other,
smaller, cross-sectional studics have suggested possible
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increased risks [8,55]. Many of the studies reviewed are
relatively poor in determining causality; they are cross-
sectional in design, sometimes small, use convenicnee
samples and do not necessarily adjust for important
confounders. In particular, socio-cconomic status 1S not
always measured and controlled for [44,47,52,53]. Most of
the studies come from Sweden, and it cannot be assumed
that the results would be generalizable to the types of ST
used elsewhere. Most ST products are probably con-
siderably lower risk than cigarette smoking (taking all the
potential health effects, particularly cancers, into ac-
count). Switching to ST may reduce risks of major death
and illness for seme nicotine-addicted cigarerte smokers.
However, any ‘tobacco harm reduction’ strategy will need
to acknowledge the lack of evidence and uncertainties
(particularly for cardiovascular diseasc) and determine
how best to communicate these rescrvations to the
general public [60].

As with any review, it is possible that some published or
unpublished studies may have been overlooked. Studies
considering acute effects of cardiovascular disease were
also excluded. However, the search strategy was compre-
hensive, involving extensive database searching carried
out by two researchers independently; as well as contact
with a number of cxperts in the field. Tt is therefore
unlikely that important studies have been missed. Further,
large, well-designed epidemiological studies of STuse and
cardiovascular diseases and mortality are required in a
varicty of regions to clarify the potential risks.

Acknowledgements

Clive Bates, Greg Connolly, Karl Fagerstrom, Prakesh
Gupta, Alison Hill, Jerry Jaffe, Scott Leischow, Ann
MeNeill, Paul Nordgren, Lesley Owen, Dan Pope, David
Sweanor, Robert West, Margaret Whitehead and Deborah
Winn, all provided further information or constructive
comments. Thanks also to Gill Doran for secrerarial
assistance. The review was funded by the Health
Development Agencey, UK.

References

1 Department of Health. National Service Framework for Coronary Heart
Disease, 2000. http://www.doh.gov.uk/pdfs/chdnsf.pdf.

2 Murray CJ, Lopez AD. Alternative projections of mortality and disability by
cause 1990-2020: Global Burden of Disease Study. Lancet 1997;
349:1498-1504.

3 Shaper AG, Pocock 81, Walker M, Phillips AN, Whitehead TP, Macfarlane
PW. Risk factors for ischaemic heart disease: the prospective phase of the
British Regional Heart Study. J Epidemiol Community Health 1985;
39:197-209.

4 Dol R, Peto R, Wheatley K, Gray R, Sutherland 1. Mortality in refation to
smoking: 40 years' obsetvations on male British doctors. BMJ 1994;
309:901-911.

5 Boticher M, Falk E. Pathology of the coronary arteries in smokers and non-
smokers. J Cardiovasc Risk 1999, 6:289--302.

6 Pech-Amsellem MA, Myara |, Storogenko M, Demuth K, Proust A, Moatti N.
Enhanced modifications of low-density fipoproteins {LDL) by endothetial
cells from smokers: a possible mechanism of smoking-related
atheroscletosis, Cardiovase Res 1996; 31:975-983.

7 Powell IT. Vascular damage from smoking: disease mechanisms at the
arterial wall. Vasc Med 1998, 3:21--28,




PR

il E p— F— — S
112 European Journal of Cardiovascular Prevention and Rehabilitation 2004, Vol 11 No 2

1

12

i3

14

15

17

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

s

Tucker LA. Use of smokeless tobacco, cigarette smoking, and
hypercho‘esterolemia. Am J Public Health 1989; 79:1048-1050.

Siegel D, Faigeles B. Smoking and socio-economic status in a population-
based inner city sample of African-Americans, Latinos and Whites.

] Cardiovasc Risk 1996; 3:295~-300.

Westman EC. Does smokeless tobacco cause hypertension? Southern
Med J 1995; 88:716-720.

Bolinder GM, Ahiborg BO, Lindel! JH. Use of smokeless tobacco: blood
pressure elevation and other health hazards found in a large-scale
population survey. J Intern Med 1992; 232:327-334.

Benowitz N, Jacob P 1il, Yu L. Daily use ot smokeless tobacco: systemic
offects. Ann Intern Med 1989; 111:1186.

Milei J, Grana DR. Mortality and morbidity from smoking-induced
cardiovascular diseases: the necessity of the cardiologist's involvement and
commitment. Int J Cardiof 1998; 67:95-109.

Godtfredsen NS, Prescott E, Osler M, Vestbo J. Predictors of smoking
reduction and cessation in a cohort of Danish moderate and heavy smokers.
Prev Med 2001; 33:46-52.

Fagerstrom KO, Ramstrom L. Can smokeless tobacco rid us of tobacco
smoke? Am J Med 1998; 104:501-503.

Russell MAH. Smoking, nicotine addiction and lung disease. Eur J Respir
Dis 1983; 64:589:85-89.

International Agency for Research on Cancer. IARC monographs on the

evaluation of the carcinogenic risk of chemicals to humans. Tobacco habits
other than smoking; betel quid and areca nut chewing; and some related
nitrosamines. Lyon: Intemational Agency for Research on Cancer;

1985.

US Department of Health and Human Services. The health consequences of
using smokeless tobacco: report of the Advisory Committee to the Surgeon
General. NIH Publication No. 86-2874. 1986. Bethesda, Maryland: US
Department of Health and Human Services, Public.

Rogozinski . Smokeless tobacco in the Western World: 1550~1950. New
York: Praeger; 2002.

Ahlbom A, Olsson UA, Pershagen G. Health risks associated with Swedish
snus. SoS-rapport 1997:11. (1997 Stockholm report from a symposium on
snus arranged by the National Board of Health}.

Pindborg JJ, Murti PR, Bhonsle RB, Gupta PC. Global aspects of tobacco
use and its implications for oral health. In: Gupta PC, Hamner il JE, Murti PR
(editors): Control of tobacco-related cancers and other diseases.
Proceedings of an international symposium. January 15-19, 1990, Tata
Institute of Fundamental Research. Bombay. Oxford: Oxford University
Press; 1992.

Cancer Statistics Registrations. Regjistrations of cancer diagnosed in 1994,
England and Wales, 2000. London: The Stationery Office. Series MB1

no. 27.

Murray C!, Lopez AD. Mortality by cause for eight regions of the world:
Gilobal Burden of Disease Study. Lancet 1997; 349:1260-1276.
Department of Health and Social Services. Report of the Scientific
Commitiee on tobacco and health, 1998. London: The Stationery Office.
Peto R, Lopez AD, Boreham J, Thun M, Heath C. Mortality from tobacco in
developed countries: indirect estimation from national vital statistics. Lancet
1992; 339:1268-1278.

CDC. Annual smoking-attributable mortality, years of potential life lost, and
economic costs — USA, 1995-1999. Morbid Mortal Weekly Rep 2002;
51:300~-303.

Critchley JA, Unal B. Health effects associated with smokeless tobacco use:
a systematic review. Thorax 2003; 58:435-443.

Westman EC. Does smokeless tobacco cause hypertension? Southern
Med J 1995, 88:716-720.

Bordia A, Purbiya SL, Khabya BL, Arora SK, Hatimi IH, Singh SV. A
comparative study of common modes of tobacco use on pulse, blood
pressure, electrocardiogram and blood coaguability in patients with
coronary artery disease. J Assoc¢ Physicians India 1977, 25:395~401.
Squires WG Jr., Brandon TA, Zinkgraf S, et al. Hemodynamic effects of
oral smokeless tobacco in dogs and young adults. Prev Med 1984;
13:195~2086.

Simon D, lglauer A. The acute effect of chewing tobacco and smoking in
habitual users. Ann NY Acad Sci 1960; 80:1 18-132.

Benowitz N, Porchet H, Sheiner L, et al. Nicotine absorption and
cardiovascular effects with smokeless tobacco use: comparison with
cigarettes and nicotine gum. Pharmacol Ther 1988; 44:23-28.

Bolinder G, de Faire U. Ambulatory 24-h blood pressure monitoring in
healthy, middle-aged smokeless tobacco users, smokers, and non-tobacco
users. Am J Hypertens 1998; 11:1153-1163.

Ksir C, Shank M, Kraemer W, et al. Effects of chewing tobacco on heart rate
and blood pressure during exercise. J Sports Med 1986, 26:384-389.

35

37

38

39

40
41

42

43

44

45

46

47

48

49

50

51

52

58

54

65

56

57

58

59

60

5 ) R |

Glover E, Edwards S, Christen A, et al. Smokeless tobacco research:

an interdisciptinary approach. Health Values 1984; 8:21~25.

Critchley JA, Capewell S. Mortality risk reduction associated with smoking
cessation in patients with coronary heart disease: a systematic review.
JAMA 2003; 290:86-97.

Friedenreich CM. Methods for pooled analyses of epidemiologic studics
(review). Epidemiofogy 1993; 4:205-302.

Downs SH, Black N, The feasibility of creating a checklist for the
assessment of the methodological quality both of randomised and non-
randomised studies of healthcare interventions. J Epidemiol Commun
Health 1998; 52:377-384.

Bolinder G, Alfredsson L, Englund A, de Faire U. Smokeless tobacco use
and increased cardiovascular mortality among Swedish construction
workers. Am J Public Health 1994; §4:399-404.

Statistics Sweden. http://www.scb.sefindexeng.asp {2003).

Huhtasaari £, Asplund K, Lundberg V, Stegmayr B, Wester PO. Tobacco and
myocardial infarction: is snuff less dangerous than cigarettes? BMJ 1992,
305:1252~1256.

Huhtasaari £, Lundberg V, Eliasson M, Janlert U, Asplund K. Smokeless
tobacco as a possible risk factor for myocardial infarction: a population-
vased study in middle-aged men. J Am Cofl Cardiol 1999; 34
1784-1790.

Tilgren P, Haglund B, Lundberg M, Romelsjo A. The socio-demographic
pattern of tobacco cessation in the 1980s: results from a panel study of
fiving condition surveys in Sweden. J Epidemiol Commun Health 1996;
50:625-630.

Eliasson M, Lundblad D, Hagg E. Cardiovascular risk factors in young snuff-
users and cigarette smokers. J Intern Med 1991; 230:17-22.

Eliasson M, Asplund K, Evrin PE, Lundblad D. Relationship of cigarette
smoking and snuff dipping to plasma fibrinogen, fibrinolytic variables and
serurn insulin, The Northern Sweden MONICA Study. Atherosclerosis
1905; 113:41-53.

Siegel D, Benowitz N, Ernster VL, Grady DG, Hauck WW. Smokeless
tobacco, cardiovascular risk factors, and nicotine and cotinine levels

in professional baseball players. Am J Public Health 1992, 82:

417-421.

Khurana M, Sharma D, Khandelwal PD. Lipid profile in smokers and
tobacco chewers —a comparative study. J Assoc Physicians India 2000;
48:895-897.

Bolinder G, Noren A, de Faire U, Wahren J. Bmokeless tobacco use

and atherosclerosis: an ultrasonegraphic investigation of carotid intima
media thickness in healthy middie-aged men. Atherosclerosis 1997;
132:95~103.

Blair SN, Kampert JB, Kohl iti, et al. Infiuences of cardiorespiratory fitness
and other precursors on cardiovascular disease and all-cause mortality in
men and women. JAMA 19986; 276:205~210.

Farrell SW, Kampert JB, Kohl-HW ill, et al. Influences of cardiorespiratory
fitness levels and other predictors on cardiovascular disease mortality in
men. Med Sci Sports Exercise 1998; 30:899-905.

Bolinder G, Noren A, Wahren J, de Faire U. Long-term use of smokeless
tobacco and physical performance in middle-aged men. Eur J Clin Invest
1997; 27:427-433.

Schroeder KL, Chen MS. Smokeless tobacco and blood pressure. N EnglJ
Med 1985; 312:919.

Westman EC, Guthrie GJ. Liquorice, tobacco chewing and hypertension,
N Engl J Med 1990; 322:850.

Stegmayr B, Johansson |, Huhtasaari F, Moser U, Asplund K. Use of
smokeless tobacco and cigarettes ~ effects on plasma levels of antioxidant
vitamins. Int J Vitamin Nuir Res 1993, 63:195-200.

Persson PG, Carlsson 8, Svanstrom 1, Ostenson CG, Efendic S, Grilt V.
Cigarette smoking, oral moist snuff use and glucose intolerance. J Intern
Med 2000; 248:103-110.

Lampe FC, Whincup PH, Wannamethee SG, Shaper AG, Walker M,
Ebrakim S. The natural history of prevalent ischaemic heart disease in
middle-aged men. Eur Heart J 2000; 21:1052-1062.

Kozlowski LT, Strasser AA, Giovino GA, Erickson PA, Terva JV. Applying the
risk/use equilibrium: use medicinal nicotine now for harm reduction. Tobacco
Control 2001; 10:201-203.

Murray RP, Bailey WC, Daniels K, et al. Safety of nicotine polacrilex gum
used by 3,094 participants in the Lung Health Study. Lung Health Study
Research Group. Chest 1996; 109:438-445.

Sitvestry FE, Kimmel SE. Calcium-channel biockers in ischemic heart
disease. Curr Opin Cardiol 1996; 11:434-439.

Tobacco Advisory Group of the Royal College of Physicians. Protecting
smokers, saving lives. The case for a tobacco and nicotine regulatory
authority, 2002. Royal Coliege of Physicians.






