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Abstract 
A recent analysis of Swedish snus use and mortality combined eight 
Swedish datasets and found that exclusive Swedish male snus users 
have statistically significant increased mortality from all causes, 
cardiovascular diseases and other causes. These findings, from the 
Swedish Collaboration on Health Effects of Snus Use, are in sharp 
contrast with previous pooled results from the same group. The 
discrepant results may be indicative of unresolved statistical problems 
that haven’t been addressed by the collaboration authors in any of 
their studies. 
The most important problem is unresolved heterogeneity among the 
eight cohorts, which we describe in detail, and we show how the use 
of the random effects method by the authors was not sufficient. We 
explain why the tables in the article are uninformative, and we 
demonstrate why the exclusion of smokers in the analysis was not 
validated and eliminated important information. Finally, we strongly 
recommend some straightforward and easily implemented corrective 
measures.
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Introduction
A recent analysis by Byhamre et al. of Swedish snus use and mortality combined eight Swedish datasets and found that
exclusive Swedishmale snus users have statistically significant increasedmortality from all causes (adjusted hazard ratio,
aHR = 1.28, 95% confidence interval, CI = 1.20 – 1.35), cardiovascular diseases (aHR = 1.27, CI = 1.15 – 1.41) and other
causes (aHR = 1.37, CI = 1.24 – 1.52), as well as a 12% elevation in cancer mortality (aHR = 1.12, CI = 1.00 – 1.26).1

These findings, from the Swedish Collaboration onHealth Effects of Snus Use, are in sharp contrast with previous pooled
results from the same group that found no significant increases in incidence and/or mortality from acute myocardial
infarction,2 stroke,3 atrial fibrillation,4 pancreatic cancer,5 oral cancer6 and colorectal cancer.7 The latter study did report a
significant association of exclusive current snus use and rectal cancer (aHR = 1.38, CI = 1.07 – 1.77).7

We are concerned that the discrepant results between the latest analysis and previous published studies may be indicative
of unresolved statistical problems that haven’t been addressed by the collaboration authors in any of their studies. These
problems include unresolved heterogeneity among the eight cohorts, for which the random effects method the authors
used was not a sufficient remedy. In addition, the tables in the article are uninformative, and the exclusion of smokers in
the analysis was not validated and eliminated important information. There are straightforward and easily implemented
corrective measures that the authors could undertake.

The pooled cohorts are highly heterogeneous
First, the cohorts in the study are heterogeneous, as our Table 1 demonstrates. The eight cohorts were all described
as “population-based,” but only four fit that description, and two of those were duplicative. The population-based
cohorts were from: (a) the most populous Swedish County – the Stockholm Public Health Cohort (StPHC); (b) a Diet and
Cancer Study in the third most populous city, Malmö; (MDCS) (c) the Scania Public Health Cohort (ScPHC), which
contains Malmö; and (d) the Multinational Monitoring of Trends and Determinants in Cardiovascular Disease
(MONICA) cohort, from rural Västerbotten and Norbotten Counties, which make up 34% of Sweden’s land area
but only 5% of its population. The other four cohorts were convenience samples (the first three are from throughout
Sweden). They consisted of: (a) the construction worker cohort (CWC); (b) participants in a charity walk, the National
March Cohort (NMC); (c) twins born from 1926 to 1958 (Screening Across the Lifespan Twin, or SALT, Study); and
(d) employees in three counties (Work, Lipids and Fibrinogen, WOLF study), which included Stockholm.

The heterogeneity of the samples is further illustrated by other characteristics described in Table 1, including themean age
at death. It was 61 years among employees, which was much lower compared not only with the other cohorts, but with
men in Sweden during the same recruitment and follow-up periods.8 Other diverse variables were the prevalence of
smoking and snus use. As we discuss in detail later, Byhamre et al.1 excluded smokers from their analysis, but didn’t
justify their choice, which is not innocuous and contributes to the estimates that the authors conclusions are based upon.
They also, misleadingly, included these omitted observations in their table describing their cohorts. So, we point out that
smoking and snus use prevalence varied from very low (7% and 9%, respectively) among charity walkers to very high
(46% and 27%) among construction workers.

The construction workers account for 72-73% of both the sample and the number of deaths. Their mean enrollment age
was 34 years, which was vastly different than four other cohorts that recruited men aged 50+ years. The first mortality
follow-up study of snus use involving this cohort, published in 1994,9 had an unusual and unresolved distribution of
excess deaths.10

Pooled analyses are intended to yield results that are generalizable to the pool. However, the vast differences in the
characteristics of the cohorts that have been disclosed raise a concern whether the findings are interpretable as population
estimates. As discussed, only four cohorts were from population-based samples, and three enrolled very small numbers.
The participant selection process in the vastly larger convenience sample cohorts is the dominant influence of this study’s
results and, given that the employee cohort is by far the largest and makes up a large majority of the pooled sample, the
very different snus use and mortality in this cohort is reason alone to question the external validity of the results even if
they are correct, which we do not think is the case.

The methodology was flawed
Byhamre et al.1 used a random-effects method to account for the variation in mortality across cohorts, in which they
assumed that there is no correlation between individual cohorts and snus use. However, that method also assumes that
unmeasured factors specific to a cohort are unrelated to either snus use or mortality, which is almost surely unlikely to
hold in practice. For example, as we show in Table 1, themean age at enrollment in the four population-based cohorts was
48 to 59 years, compared with 34 years in the construction workers, the latter accounting for over 70% of the combined
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sample. Furthermore, the mean age at death was highly variable, ranging from 61 years in the employee sample and
66 years in construction workers to 70+ years in the other cohorts.

At a minimum, the authors could have addressed these problems by other methods11,12 providing the following
information:

• Estimate adjusted hazard ratios for each cohort separately. This provides information about which cohorts are
driving the pooled results, and it is especially important when over 70% of the sample was in the construction
worker cohort.

This also addresses the selection problem tied to cohort populations with considerably different age distributions and
demographic characteristics. Consider the four cohorts (two population-based and two convenience samples) that
enrolled participants at or above a mean age of 50 years. By definition, everyone in these cohorts had already lived at
least 50 years and was alive at enrollment. Now compare them with the construction worker cohort, which was enrolled
at a mean age of 34 years. Sixteen years later, at age 50, less than 100% of this cohort was still living and contributing
person-years, which makes the survivors fundamentally different people compared with those who were enrolled after
age 50. The pooled analysismethodology fromByhamre et al. ignored this serious problem, and their outcomesmay have
been significantly biased.

• Estimate a “fixed effects”model by assigning indicator (dummy) variables for cohorts and interacting the cohort
variables with age and education. This will allow correlation between the cohorts and snus use and between
the cohorts and mortality. Furthermore, the interaction between cohorts and age would allow the effect of age on
mortality to differ by cohorts.

The tables are uninformative
Byhamre et al. provided the “Characteristics of included cohorts...” in Table 1 of their publication, and we have used
some of this information to illustrate heterogeneity and other problems.1 However, this table does not reflect Byhamre
et al.’s actual analytic sample (n = 169,103), because it includes the characteristics of all male participants from the eight
cohorts (n = 383,025), including ever regular smokers and others that the authors excluded. Simply put, including
information on 214,000 participants that aren’t in the analysis is not only uninformative, it is misleading and must be
revised.

Although Byhamre et al.’s Table 2 provides information on some baseline characteristics in the analytic sample, it
presents the pooled characteristics, which is uninformative because it further conceals large differences between the
cohorts. For example, variations in enrollment ages across the cohorts have substantial impact on BMI, physical activity,
and alcohol use that may overwhelm and obfuscate any differences due to snus use. The authors should have reported the
baseline characteristics according to cohorts, and cohorts by snus use.

Furthermore, the authors did not provide adequate definitions for snus use, the sole exposure of interest in the study. Thus,
questionnaires containing actual questions about snus use from each cohort is a prerequisite. According to the authors,
baseline snus use was not consistent throughout the cohorts. Some studies did not have information on former snus use,
while others did not have information on amount and/or duration.

The exclusion of smokers was not validated and eliminates important information
The authors excluded participants “reporting ever regular use of cigarettes” (emphasis added), which was intended “to
eliminate potential residual effects”, a vague reference to an unspecified statistical problem. The authors provided no
foundation for this choice and no evidence that their objective was met. Furthermore, snus users who were less-than-
regular cigarette smokers – those with a smoking history and some dual users –were still in the pooled analytic cohort.13

Less-than-regular smoking is likely because of the lower social acceptability of smoking vis-à-vis snus in Sweden.14,15

The authors could validate whether their analytic tactic excluded smoking by reporting the results for two disease
categories: cancer of the trachea, bronchus, and lung (ICD-10 codes C33–C34) and chronic lower respiratory diseases
(J40-J47). If they truly eliminated smokers from their analyses, they should not have found any significantly increased
hazard ratios for these diseases among snus users.

Excluding “ever regular” smokers is a routine practice in Swedish follow-up studies of snus use, but it also eliminates a lot
of valuable information and may bias the results. First, partial exclusion of an exposure closely associated with snus use
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precludes assessment of interactions. Second, the findings on snus use in this and similar studies completely lack context
with respect to the effects of smoking on mortality.16

Summary
In conclusion, Byhamre et al.1 published an analysis with several flaws that render their results uninformative and
possibly misleading. The authors should publish revised tables and re-estimate their analyses as described above to
address these problems. These measures are readily achievable, and the validity of the results will be considerably
enhanced.

Data availability
No data is associated with this article.
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The debate on the degree to which snus is associated with increased morbidity or mortality, and 
how, has been going on for some time. 
Although the discussion may seem most relevant for those relative few who use snus or live in a 
society where snus use is common, the debate should interest tobacco researchers generally for 
(at least) two reasons: First, snus is one of the products that has been both a popular and long-
lasting harm reducing alternative to cigarette smoking. Correct estimates of the harms associated 
with snus use are necessary to assess the harm-reducing potential of snus use. Second, estimating 
the harmfulness of snus use requires that researchers take into account the use of two distinct but 
related tobacco products. Both these dimensions can inform similar discussions on the harm-
reducing potentials of other and more recent nicotine products, for example, e-cigarettes. 
Because few countries have a long history of snus use, there is limited data on individual snus and 
other tobacco use patterns and health outcomes from national registers. Consequently, many of 
the studies concerning the association between snus use and registered mortality has been based 
on the same set of (Swedish) cohorts and examined by the same researchers. 
I find that the issues raised by Rodu and Plurphanswatare are warranted and should be relatively 
easy to address. A revised study by Byhamre et al. would be of great interest to both debates on 
snus use and public health and snus use and harm reduction.
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Is the conclusion balanced and justified on the basis of the presented arguments?
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The letter 'Heterogeneity and other problems in a pooled analysis of snus use and mortality' raises 
concerns about the method used in a paper by Byhamre et al., 2021 that was published in the 
International Journal of Epidemiology (Vol.49). The Byhamre et al. paper entitled 'Swedish snus use is 
associated with mortality: a pooled analysis of eight prospective studies' claimed to have found 
a positive association between snus use and mortality, where previous studies by the same group 
had not found this association. Rodu and Plurphanswat outline a range of methodological flaws in 
the Byhamre et al. analysis. 
 
The critique is straightforward and clearly written. The authors have narrowly focused on the poor 
use of statistical analysis methods. They could have gone further. 
 
A more in-depth critical and systematic review of the literature being produced by the Swedish 
Collaboration on Health Effects of Snus is warranted. Particularly, future reviews should include an 
analysis of Risk of Bias. It is a minor example, but it is indicative that the authors on the Byhamre 
et al. paper do not consider the potential bias inherent in their focus on mostly their own previous 
work. Nine of the Byhamre et al. authors were investigators and authors on one or more of the 
eight studies the ‘pooled’ data were extracted from. This is a form of authorship bias. 
 
There is a much larger pool of research that has sought to determine and quantify the risks of 
snus than indicated by Byhamre et al.’s selection. Future critical reviews would need to identify if 
selection bias is a further limitation of the Byhamre et al. analysis.    
 
Critiques of published science make an important contribution to science. To ensure knowledge is 
sound, these types of critiques could even be said to be essential. Seriously flawed studies can 
mislead policy makers and politicians and lead to decisions about healthcare that could cause 
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harm.
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