o
v

LipPNCoTT sumeresy
WILLIAMS & WILKINS CARDIOLOGY

Original Scientific Paper

Smokeless tobacco and coronary heart disease:
a 12-year follow-up study
Sven-Erik Johansson?, Kristina Sundquist?, Jan Quist® and Jan Sundquist®

#Center for Family Medicine, Karolinska Institute, Huddinge, Sweden and bStatistics Sweden,
Stockhoim, Sweden.

Received 10 February 2005 Accepted 13 April 2005

Background Cigarette smoking has declined whereas the use of smokeless tobacco is increasing. There is an ongoing
debate as to whether smokeless tobacco is a recommendable strategy to help smokers to quit. However, very few studies
have examined the association between smokeless tobacco, namely snuff, and coronary heart disease, which implies that
it has not been possible to provide scientific results for public health policies and clinical guidelines concerning the use of
smokeless tobacco.

Design A follow-up study.

Methods A random sample of 3120 healthy men aged 30-74 years was interviewed in 1988 and 1989 and followed up to
the year 2000 with regard to coronary heart disease. Cox regression was used to estimate the relative risk of coronary heart
disease in six categories of smoking and snuffing habits, after adjustment for established risk factors for coronary heart
disease. ’

Results Smokers, former smokers, and those who combined smoking and snuffing had significantly higher hazard ratios
than never-smokers. The very highest hazard ratio was found among individuals combining smoking and snuffing. Daily
snuffers had a hazard ratio of 1.62 (95% confidence interval 0.70-3.03) after adjustment for age.

Conclusions Even though the association between daily snuffing and coronary heart disease was non-significant, the
hazard ratio was markedly increased. Therefore, smokers should not use smokeless tobacco in order to quit smoking,
especially as safer aiternatives are available. Further studies in different settings are required to provide scientific results
for public health policies and clinical guidelines. Eur J Cardiovasc Prev Rehabil 12:387-392 © 2005 The European Society
of Cardiology
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Introduction _
Cigarette smoking has declined during the past three
decades in most industrialized countries. Paradoxically,

most frequently in the United States and Sweden, where
the market is dominated by moist snuff, taken orally.

the use of smokeless tobacco has greatly increased in
some industrialized countries, such as Sweden. The
characteristics of smokeless tobacco products vary by
" country and region and their use can be described as
endemic. However, users of smokeless tobacco are found
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In the USA, a national survey conducted in 1999 showed
that 9% of male college students were current users of
smokeless tobacco [1]. In Sweden, 19% of Swedish men
aged 30-74 years were current users of snuff in 1996-
1997 compared with 14% in 1988-1989.

Although the evidence for rthe adverse cardiovascular
effects of cigarette smoking is overwhelming, very little is
known about the association between smokeless tobacco
and cardiovascular disease (CVD). Only four studies have
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examined the relationship between smokeless tobacco,
namely snuff, and the risk of myocardial infarction [2-5].
All four studies were conducted in Sweden and the
results are inconclusive. The first study was a classic
case—control study in which patients who had had a
myocardial infarction were interviewed about their
tobacco habits [2], and compared with individuals who
had not suffered a myocardial infarction. The second
case—control study, conducted by the same research
group, included a total of 687 patients with myocardial
infarction [3]. The third study was also a case—control
study that was performed in two Swedish counties in
1992-1994 [5].

None of these studies was able to detect an increased risk
of myocardial infarction among snuff users. In contrase, a
Swedish cohort study from the beginning of the 1970s
included a total of 135000 construction workers. The
workers were asked detailed questions about their
tobacco habits and were followed up for 12 years
regarding death from CGVD. Compared with non-tobacco
users, the snuff users exhibited a significantly increased
relative risk of 1.4 for dying of CVD [4]. However, the
composition of snuff has changed substantially over
the years. For example, smokeless tobacco bought on
the Swedish marker is now practically free from
nitrosamines [6,7]. The change in the composition of
snuff could imply that the results from the construction
worker study are no longer valid.

The few and inconclusive findings from previous studies
© imply that it has not been possible to provide scientific
results for evidence-based public health policies and
clinical guidelines concerning the use of snuff. This is
important, especially as there is an ongoing debate as to
whether snuff is a safer alternative to smoking among
inveterate smokers. A recent review article stated that it is
advisable to counsel all current users of smokeless tobacco
to quit, although the evidence for the adverse cardiovas-
cular effects of smokeless tobacco use is not conclusive
[8]. Another review article found that there may be an
association between smokeless tobacco and CVD, and that
further rigorous studies are required [9]. Asplund [10]
stated that as a result of the many unresolved issues, it is
wise to be cautious when discussing the health hazards of
snuff use and their impact on health policy because there
is still much room for improved knowledge.

In the present study, we had the opportunity to address
some of the limitations in previous rescarch because we
used a random sample of adult men representative of all
socto-economic groups and adjusted the results for
several established CVD risk factors. In addition, smoking
and snuffing habits were categorized into six groups in
order to ecliminate the confounding caused by the
admixture of former smokers among snuff users, which

has not been addressed sufficiently in the few studies
conducted so far,

"The first aim of this study was to analyse the association
between six categories of smoking and snuffing habits
and the incidence rate of coronary heart disease (CHD).
The second aim was to examine whether these hypo-
thesized associations remain after adjusting for socio-
economic status and the four CHD risk factors: physical
inactivity, obesity, diabetes and high blood pressure.

Methods

This follow-up study was based on data from the Swedish
Annual Level-of-Living Survey (SALLS), a large national
survey conducted annually by the Swedish Government-
owned statistics bureau, Statistics Sweden. SALLS
consists of a simple random sample of the entire adul,
non-institutionalized Swedish population. The partici-
pants are interviewed face-to-face by trained interviewers
about their living conditions, including highly complete
information on socio-economic, lifestyle and health
indicators. Our sample included all men aged 30-74
years who were surveyed in 1988 and 1989. Tn order to
identify CHD events, these data were linked to the
Swedish National Hospital Discharge Register and the
Cause-of-Death Register. Participants were followed until
the first event CHD, death, or the end of the study on 31
December 2000 (a mean follow-up time of 11.2 vears). In
total, there were 277 CHD events.

Exclusion criteria

In order to minimize residual confounding caused by
unknown disease processes, participants with poor self-
rated health were excluded. For this purpose, we used the
following question in SALLS: ‘How would you describe
your general health?” There were three response alter-
natives: ‘good’, ‘bad’, or ‘anywhere between good and
bad’. Those who answered that their general health was
‘bad” or ‘anywhere between good and bad’, were
excluded, altogether 907 participants. Participants with
a CHD hospitalization 2 vears before the start of the
study and participants who were interviewed with the aid
of relatives were also excluded. Participants who lacked
information about weight or height were excluded from
the study in order to avoid self-report bias. The final
sample included 3120 men.

Outcome variable

The time to first hospitalization for fatal or non-fatal
CHD event was classified according to the International
Classification of Discases, 1CD 9 (410-414) and ICD 10
(120-125).

Explanatory variables
Age was used as a continuous variable, centered around
its mean. Socio-economic status was categorized into four




groups according to occupational status: (1) manual
workers; (i1) lower-level employees; (iii) middle-level
employees and professionals; (iv) self-employed and
farmers. Smoking and snuffing habits were divided into
six groups: (1) never-smokers; (ii) former smokers; (iit)
daily smokers; (iv) daily snuffers and never-smokers;
(v) daily snuffers who were former smokers; and (vi) daily
snuffers and smokers. Leisure-time physical activity was
initially categorized into five levels in the analysis.
Because hazard ratios (HR) in levels iii—v were almost
identical (data not shown), levels iii-v were collapsed so
that, in the final analysis, three levels of physical activity
remained: (1) practically no exercise at all; (ii) occasion-
ally; and (iii) at least once a week. The five initial levels
were based on five response alternatives: (i) I get
practically no exercise at all; (ii) I exercise occasionally
(e.g. one-hour walks, skiing a couple of times every vyear,
swimming, picking mushrooms); (iii) | exercise about
once a week (e.g. fast walks, skiing, swimming, jogging,
and cycling); (iv) 1 exercise about twice a week (e.g. fast
walks, skiing, swimming, jogging, and cycling); (v) I
exercise vigorously at least twice a week (e.g. skiing,
swimming, running, cycling for quite a while, ball games).
As already mentioned above, levels Hi-v were collapsed.

Body mass index (BMI) was calculated as weight (kg)/
height (m?), according to the World Health Organization
recommendations, and comprised three categories: (i)
BMTI less than 25.0 (normal weight and underweight); (ii)
BMI of 25.0 to less than 30 (overweight); and (iii) BMI of
30 or over (obesity).

Diabetes and hypertension assessments were based on
the following questions: ‘Do you suffer from any long-
standing disease?’, ‘If so, what kind of disease?’, ‘Do you
suffer from diabetesthypertension?’, and ‘Do you take
medicine for your diabetes/hypertension?’ If diabetes or
hypertension were reported as a disease or medicine was
taken for diabetes or hypertension, the respondent was
judged to have diabetes or hypertension. All others were
judged not to have diabetes or hypertension.
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Statistical analysis

The SAS software package was used in the statistical
analyses [11]. Age-adjusted CHD incidence rates (per
10000 individuals per year) were calculated between
1988-1989 and 31 December 2000 by standardization
[12]. A Cox regression model [13] was used to estimate
the HR of CHD in the different models. The results are
shown as HR with 95% confidence intervals (CI). Risk
time was calculated from the date of the interview to the
first admission for CHD or death from CHD, whichever
occurred first. Individuals who died from other causes
during the follow-up were censored art the time of death,
and all others were censored on 31 December 2000. The
proportional hazards assumption was tested by including
an interaction between each of the explanatory variables
and time. All vanables met the assumption.

Ethics

T'his study was approved by the Ethics Committee of the
Karolinska Institute, Stockholm, Sweden, in accordance
with the principles of the Declaration of Helsinki.

Results

Table 1 shows the distribution of the explanatory
variables by smoking and snuffing habits. The lowest
mean age was observed among daily snuffers. The highest
percentage of ‘no physical activity’ was found among daily
smokers and those combining snuffing and smoking, The
lowest percentage of overweight and obesity was found
among daily smokers. However, the highest percentage of
overweight and obesity was found among those combin-
ing snuffing and smoking.

Table 2 shows the age-adjusted incidence rate of CHD.
The higher the BMI, the higher the incidence rates of
CHD imrespective of smoking and snuffing habits. As
expected, individuals with diabetes or hypertension had
higher incidence rates of CHD than those without
diabetes or hypertension. Unexpectedly, among never-
smokers the highest incidence rate was found among
those who were physically active on a regular basis.

Table 1 Distribution (%) of the explanatory variables by smoking and snuffing habits

Variable Level Smoking and snuffing habits
Never-smoker Former smoker Daily smoker Daily snuffer and  Daily snuffer and  Daily snuffer and
never-smaker former smoker smoker
n . 1036 854 793 107 245 85
Age (years) "Mean 470 510 471 41.4 44,2 435
Physical 1 {none) 9.9 6.9 15.9 13.1 10.2 19.6
activity 2 {occasionally) 309 3486 41.0 33.1 324 429
3 (at least once a 59.2 58.5 431 53.8 574 375
week}
BM! 1 (normal weight, 58.2 51.3 63.3 58.5 52.8 425
underweight)
2 (overweight) 370 431 30.1 34.0 41.3 48.5
3 (obesity) 4.8 5.6 6.6 75 5.9 9.0
Diabetes Yes 1.2 1.6 2.1 1.9 34 0
- Hypertension Yes 6.9 7.7 45 4.2 6.2 4.4

BMI, body mass index.
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Table 2 Age-adjusted incidence rates (per 10000 person-years) of coronary heart disease by smoking and snuffing habits

Variable Level Smoking and snuffing habits
Never-smoker Former smoker  Daily smoker Daily snuffer and Daily snuffer and Daily snufter and
never-smoker former smoker smoker
n ; 1036 854 793 107 245 85
Physical 1 (none) 52 137 127 - 72 54
activity 2 (occasionally) 44 104 109 48 55 96
3 (at least once a week) 57 89 97 63 57 116
BMI 1 {normal weight, underweight) 36 75 89 43 27 72
2 (overweight) 69 117 130 47 98 111
3 (obesity) 133 159 173 118 66 120
Diabetes Yes 80 375 116 - 387 -
No 53 93 107 50 48 95
Hypertension Yes 180 333 337 207 426 856
No 44 82 97 43 38 76
BM|, Body mass index.
Table 3 Hazard ratios with 95% confidence intervals for coronary heart disease in the Cox regression models
Variable Level Model 1 Model 2 Model 3
HR (95% CI) HR (95% Ci) HR (95% Cl)

1 (never-smoker)
2 {former smoker)
3 (daily smoker)
4 (daily snuffer and never smoker)
5 (daily snuffer and former smoker)
6 (daily-snuffer and smoker)

Smoking and snuffing habits

Physical 1 (none) -
activity 2 (occasionally)
3 (at least once a week)
BMI 1 (normal, underweight)
2 (overweight)
3 (obesity)
Diabetes 1 (Yes)
2 (No)
Hypertension 1 {Yes)
2 (No)

1 (Reference)
1.45 (1.05-1.99)
2.19 (1.59-~3.03)
1.62 (0.70-3.75)
1.38 (0.80-2.39)
2.66 (1.32-5.36)

1 {Reference)
1.46 (1.06-2.02)
2.27 (1.64-3.14)
1.52 (0.66-3.53)
1.31 (0.76~2.38)
2.53 (1.25-5.10)

1 (Reference)
0.76 (0.51-1.11)
0.75 (0.52-1.09)

1 {Reference)
1.38 (1.07-1.77)
2.07 (1.35-3.16)

1 (Reference)
1.47 (1.07-2.03)
2.30 (1.66-3.19)
1.41 (0.61-3.28)
1.18 (0.67-2.06)
2.73 (1.35-5.63)

1 (Reference)
0.76 {0.52-1.12)
0.77 {0.53-1.12)

1 (Reference)
1.29 (1.00~1.66)
1.84 (1.20-2.83)

1.43 (0.77-2.65)
1 {Reference)
2.04 (1.49-2.78)
1 (Reference)

L BMI, Body mass index; Cl, confidence interval; HR, hazard ratio. Modet 1 is adjusted for age. Models 2 and 3 show the HR after stepwise inclusion of the other

explanatory variables.

Table 3 shows three proportional hazard models after
stepwise inclusion of the explanatory variables: Model 1 is
adjusted for age, model 2 is also adjusted for physical
activity and BMI, and model 3 is also adjusted for
diabetes and hypertension. Smokers, former smokers, and
those. combining smoking and snuffing had significantly
higher HR than never-smokers. The very highest HR was
found among individuals combining smoking and snuffing
(HR 2.73; 95% CI 1.35-5.53). Daily snuffers had an HR
of 1.62 (95% CI 0.70-3.03) in model 1, which decreased
to 1.41 (95% CI 0.61-3.28) in model 3. The lowest HR
was observed among daily snuffers who were former
smokers. Socigo-economic status was included in an
additional analysis. However, the risk estimates remained
essentially the same as in 'model 3 (data not shown).

Discussion

The main finding of this study was that the association
between daily snuffing and CHD was non-significant.
However, the HR was markedly increased (HR 1.62; 95%
CI 0.70-3.75). The lack of statistical significance could

be explained by insufficient statistical power because of a
small sample size, which-was also one of the main
limitations in two of the previous studies on the
association between smokeless tobacco and CVD [2,3].
In addition, the lack of statistical significance does not
necessarily mean that there is no association berween
exposure and disease. According to Rothman {14}, it is a
fallacy to infer a lack of association from a single P value,
that is in this case a 95% CI that includes the Figure 1.

Limitations and strengths

The main limitation of this study was the relatively small
sample size of 107 daily snuffers. However, we believe
that our study is of interest because there is still much
room for improved knowledge on this topic. Further
studies in a new context are needed, especially as the
same research group conducted two of the four studies
performed so far. Another limitation was the non-
response rate of 22.1%. However, we examined this
non-response bias and found thar approximately 70% of
the non-respondents were refusals, and 30% involved
non-respondents who could not be located or were too ill




to participate. Then we included both non-respondents
and respondents in a proportional hazard model that
adjusted for sex, age, marital status and residential region
with all-cause mortality as the outcome. The 70% who
refused had the same mortality risk as the respondents,
and the -remaining 30% had a significantly higher
mortality risk. Moreover, residual confounding is likely
to occur because individual socio-economic status cannot
be measured precisely and completely [15]. Another
limitation was that we only had a baseline measurement,
which means that individuals might have changed their
habits during the follow-up, resulting in roo low a risk
estimate of snuffing. In addition, we had data on former
smokers but not on former snuffers. This implies that
former snuffers were categorized as never-smokers.
Finally, the prevalence of hypertension or diabetes was
based on self-reported data, and therefore it is likely that
the true prevalence was underestimated. However, we
‘have no reason to believe that this self~report bias
differed between the different categories.

The limitations of this study are balanced, however, by its
strengths. First, this is the fitst follow-up study of a
random sample of adult men representative of all socio-
economic groups. The construction worker study [4] did
not include individuals from different socioeconomic
groups, and therefore the general applicability of the
results was limited. Second, we adjusted the results for
several established CVD risk factors. Third, smoking and
snuffing habits were categorized into six groups in order
to eliminate the confounding caused by a mixture of
former smokers among snuff users, which has not been
addressed sufficiently in previous research. In addirtion,
we analysed the association between concomitant snuff-
ing and smoking and CHD and found a nearly threefold
increased risk of CHD among individuals combining
smoking and snuffing, compared with never-smokers.
Fourth, the prospective nature of our study design
allowed us to calculate incidence rates of CHD, rather
than prevalence rates. Furthermore, the validity of the
diagnosis “for myocardial. infarction was high in an
evaluation for 1987 and 1995 by the Swedish National
Board of Health and Welfare [16]. Fifth, the reliability of
the survey questions, collected in face-to-face interviews
by well-trained interviewers, was high. Re-interviewing a
sample of the participants (test—retest method) yielded
kappa coefficients of 0.71-0.78 for socio-economic status
and 0.96-0.99 for cigarette smoking [17]. Finally, there
was litdle or no loss to follow-up as the Swedish
registration system provides a personal identification
number for each individual, which was used to follow
each individual during the entire study period.

Although the possible association between smokeless
- tobacco and the endpoint CVD/CHD is unclear, several
previous studies have found an association between
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smokeless tobacco and intermediate endpoints; namely
established CVD factors. Acute cardiovascular effects
include an increased heart rate and blood pressure [18].
Smokeless tobacco is also associated with a long-term
adverse effect on blood pressure levels [19], cholesterol
levels [20] and insulin levels [21]. These findings are
alarming because the use of smokeless tobacco is
increasing. For example, in a recent study from northern
Sweden, 27% of middle-aged men used snuff [22]. Many
of the daily snuffers arc former smokers. Among Swedish
middle-aged men, approximately balf of the snuff users
are former smokers [3], and we know that several of our
colleagues recommend snuff to inveterate smokers.
However, whether or not snuff is a useful strategy to
help smokers to quit is a matter of debate. Our results
indicate that this is not recommendable because it is
possible that such a strategy could lead to a concomitant
use of both snuff and cigarettes, which was the most
hazardous category of tobacco habits in this study. In
addition, smokeless tobacco may bec associated with
cancer of the mouth, urinary bladder, and the upper
respiratory tract [23,24]. There are also indications that
snuff could act as a gateway to cigarette smoking,
especially among young men [25,26].

Conclusion

Even though the association between daily snuffing and
CHD was non-significant, the heart rate was markedly
increased. Therefore, smokers should not use snuff in
order to quit smoking, especially as safer alternatives are
available [27]. In order to provide scientific results for
public health policies and clinical guidelines concerning
the use of snuff, further studies in different settings are
required.
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