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Abstract

While snus has been the focus of increasing public health interest, twin studies have examined neither sources of individual variation for its use
nor the sources of resemblance between snus and cigarette use. Twins from the Norwegian Institute of Public Health Panel were assessed by
self-report questionnaire for the initiation of regular use and maximal quantity used for snus and cigarettes. Twin modeling was performed
using OpenMx on data from 2767 twins including 856 complete pairs. Fitting univariate twin models produced similar results for cigarette
initiation and quantity with estimates of additive genetic, shared environmental and unique environmental effects of approximately 77%, 0%
and 23%, respectively. Estimates of snus initiation and quantity were, respectively, approximately 53%, 26% and 21%. Joint analyses suggested
that the genetic, shared environmental and unique environmental correlations between cigarette and snus initiation and quantity were +.82, 0
and +.42, respectively. However, these results could not be statistically distinguished from a model which postulated that resemblance between
cigarette initiation and quantity resulted from genetic and unique environmental correlations of +.47 and +.43. Compared with cigarette
initiation and quantity of use in Norwegian twins, the role of genes was less prominent and shared environment more prominent for initiation
and quantity of use of snus. Joint analyses of both tobacco phenotypes suggested, but did not confirm definitively, that genetic risk factors for

cigarette and snus use were similar but not identical, while shared environmental factors existed that were specific to snus use.
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A substantial twin literature has examined the sources of individual
differences in the initiation of cigarette use and the quantity of cig-
arettes consumed (Kendler et al., 2008; Li et al., 2003; Maes et al.,
2017; Sartor et al., 2015; Sullivan & Kendler, 1999; Vink et al,,
2005). These studies provide strong support for an important role
of genetic factors in twin resemblance, with shared environmental
effects tending to be stronger for initiation than quantity consumed
and stronger in younger versus older samples. By comparison,
noncigarette forms of tobacco use have been subject to far less
attention in the genetic epidemiological literature. To our knowl-
edge, only one prior study has compared the role of genetic and
environmental factors in individual differences for multiple differ-
ent forms of administration of tobacco (Schmitt et al., 2005). This
study examined regular use of cigarettes, cigars, pipes, dip (moist
snuff), and chewing tobacco. The relative role of genetic and envi-
ronmental factors differed substantially across forms of adminis-
tration. Twin similarity for regular cigarette and dip use was
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largely genetic in origin, while twin resemblance for chewing
tobacco resulted from the effects of both genes and shared environ-
ment, and for pipes and cigars was entirely the result of the shared
environment. However, these analyses did not examine what might
be an even more interesting question: the level of similarity in the
genetic and environmental risk factors for different forms of ad-
ministration of tobacco?

We are aware of one prior twin study that has addressed this
question for cannabis and cocaine (Agrawal et al., 2004) by fitting
bivariate twin models to data on the use of two forms of cannabis
(leaf marijuana and hashish) and two forms of cocaine (intranasal
powder and inhaled crack). For both drugs, the analyses demon-
strated a complete overlap of genetic factors and a very high cor-
relation of shared environmental influences between the two forms
of administration.

In this study, we examine the initiation of and quantity of use of
cigarettes and snus (a type of moist powdered tobacco, typically
held in the mouth between the lips and gums) in a population-
based Norwegian sample of adult twins. Snus has been a subject
of increasing interest because of evidence that it may have less
adverse health effects than cigarettes (Lee, 2013) and may be an
effective substitute for cigarettes comparable in efficacy to nicotine
patches (Hatsukami et al., 2016), and it may be more strongly


mailto:kenneth.kendler@vcuhealth.org
mailto:kenneth.kendler@vcuhealth.org
https://doi.org/10.1017/thg.2019.9
https://doi.org/10.1017/thg.2019.9
https://doi.org/10.1017/thg.2019.9

Twin Research and Human Genetics

associated with smoking cessation than smoking initiation
(Furberg et al., 2005). Furthermore, despite declines in cigarette
use, snus use is increasingly popular in Norway (Lund et al., 2017).

We first report analyses of the role of genetic and environmen-
tal factors in twin resemblance for initiation and frequency of use
for these two forms of tobacco. Then, we report a bivariate analysis
of cigarette and snus use to examine the degree to which similar
genetic and environmental factors influence these two modes of
administration of tobacco consumption. Consistent with the one
prior twin study of forms of tobacco use (Schmitt et al., 2005),
we predict differences in the sources of variance in liability to
the use of cigarettes and snus.

Methods
Participants

Data for the twin analyses of lifetime regular cigarette and snus (a
form of smokeless tobacco) use reported in this study came from
the most recently completed data collection project conducted by
the Norwegian Institute of Public Health (NIPH) Twin Panel
(Nilsen et al., 2012). An internally developed self-report question-
naire was distributed via surface mail beginning in November 2015
to N = 6308 invited/eligible twins with a last distribution occurring
in June 2017. As of October 2017, N=3862 (61%) twins had
returned a questionnaire for processing. The total sample consisted
of two different groups of twins. One was made up of twins who
had been previously contacted and participated (N=1916) in at
least one of the previously conducted interviews (mean; SD)
age=43.1 and 3.8, range =36-50). These twins were originally
identified through birth records (1967-1979) from the Norwegian
National Medical Birth Registry (N=15,370) and had not previ-
ously been asked about their cigarette and snus use. A second group
(N = 1946) was made up of twins who agreed to be registered in the
official Norway twin registry and were participating for the first time
(age=42.9 [3.7], range = 36-49). The breakdown by zygosity clas-
sifications in the full questionnaire sample is as follows: 1103 com-
plete pairs: 202 monozygotic (MZ) males, 101 dizygotic (DZ) males,
344 MZ females, 206 DZ females, and 250 opposite sex pairs. For the
tobacco analyses performed in this study, only same-sex MZ and DZ
pairs were included, given the low power of qualitative sex-effect
analyses with the limited number of available opposite-sex pairs.
This translates into N=1037 (549 complete and 491 singleton)
same sex MZ pairs and N = 871 (307 complete and 564 singleton)
same-sex DZ pairs.

Questionnaire Data

The Norwegian Institute of Public Health self-report questionnaire
(NIPH-SRQ) included two separate sections asking about lifetime
regular tobacco use and information about tobacco use-related
behaviors. One section enquired about lifetime regular cigarette
use and quantity consumed. Responses to the item “Have you ever
smoked cigarettes regularly for at least one month?” (yes/no coded
as 1-0) served as data for the tobacco phenotype of regular cigarette
smoking that we define here as initiation. A second section
enquired about the use of snus, “Have you ever used snus regularly
for at least a month?” (yes/no coded as 1-0), providing data for the
second tobacco phenotype of ever regular use of snus, which we
termed here as snus initiation.

For both types of tobacco, twins were also asked about the
amount of tobacco they used when their usage was the heaviest.
For cigarettes, responses to the item “When you smoked the most,
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Fig. 1. Abivariate Cholesky decomposition for smoking and snus-related phenotypes.
The model contains “upstream” variables reflecting shared additive genetic (A%,
shared environmental (C%;,) and individual-specific environmental effects (E%y,),
where the subscript sh stands for shared, and downstream variables that are specific
to snus: A%, C%, and EZ,, where the subscript sn stands for specific to snus.

on average, how many cigarettes did you smoke per day?” ranged
from 0 to 80 cigarettes per day. Because the frequency distribution
of the reported cigarettes per day variable was expectedly uneven,
we constructed a three-category ordinal variable for data analysis:
1=0-10, 2=11-20, and 3 =20 or more. The quantity used vari-
able for snus, “When you used snus the most, how many times per
day did you use it?”, had three response options: 1-7 times, 8-12
times, and 13 or more. If either of the cigarette or snus quantity
used variables were missing but their corresponding ever used
regularly variables were checked as “no” (coded zero), the respec-
tive quantity used variables were also set to zero, forming an
“abstainer” category.

Statistical Analyses

We utilized standard twin modeling techniques (Neale & Cardon,
1992) in which the latent liability to cigarette and snus initiation
and quantity of use was decomposed into three components: a
or additive genetic effects, > or shared environmental effects,
and e? or individual specific effects. In these designs, the latter
are confounded with measurement error. We began with univari-
ate analyses of our four phenotypes.

We then utilized bivariate Cholesky decompositions to estimate
genetic and environmental components common to both cigarette
and snus, and components specific to snus. As seen in Figure 1, a
Cholesky decomposition contains both a’y, %, and e, where
the subscript sh stands for shared between cigarettes and snus,
and a’,, %, and €%, where the subscript sn stands for specific
to snus. Cholesky decompositions were carried out separately
for (1) binary cigarette and snus initiation and (2) ordinal scaled
maximal lifetime daily cigarette and snus use. Each decomposition
was fitted to a two-group MZ/DZ twin data structure. Empirical
optimization was carried out using a full information maximum
likelihood (FIML) raw data method treating the observed tobacco
variables as categorical as implemented in the version 2.7.16 free
OpenMx package (Neale et al., 2016) and run in the R 3.4.1 (R
Development Core Team, 2017) computing environment.
Liability threshold models (Falconer, 1965) were fit to the binary
and ordinal phenotype variables. The observed frequencies of the
outcome variable categories are used to obtain estimates of the
between category thresholds on an unobserved continuous liability
response variable using a normal Gaussian Probit model. For
example, for the cigarette initiation 0-1 binary variable, a single
threshold is estimated on a hypothesized unobserved liability var-
iable on which the twinl-twin2 MZ and DZ phenotypic correla-
tions are estimated. To provide stability to the estimation of
certain C path coefficients, lower bounds of .001 were included
for the Cholesky path point estimates. The —2 log likelihood misfits
for models with and without the lower boundary constraints were
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Table 1. Frequency and quantity of cigarette and snus use in our twin sample

Initiation + SEM

Cigarettes per day at
heaviest use (SD)

Initiation + SEM Number of uses per day

at heaviest use (SD)

Males 1538 0.39 £ 0.01

17.1 (8.5)

0.32 +0.01 1.93 (0.78)

Females 2324 0.43 + 0.01

14.1 (6.9)

0.06 + 0.01 1.75 (0.69)

Table 2. Twin correlations, univariate model fits and parameter estimates and 95% Cls for full models for cigarettes and snus initiation and quantity used

Cigarettes Initiation 79 + .04 37+.09 —2020 —2022  —1997  0.89[0.70,0.92]  0.00 [0.00, 0.53)  0.46 [0.39. 0.53]
Cigarettes  Quantity used 74+ 03 32+ .08 —94 -9 —63  0.86[0.70,0.89]  0.00[0.00, 0.47]  0.51 [0.46-0.57]
Snus Initiation 81+ .04 54+ .11 —3233  -3233  —3228 0.72[0.32,0.93]  0.54[0.00,0.83] 0.4 [0.34, 0.53]
Snus Quantity used 78 + .04 50 + .11 —2314  —2315 —2307  0.74[0.400,.91]  0.48 [0.02,0.77]  0.48 [0.41, 0.56]

identical. We evaluated the results of our model fitting using
Akaike’s Information Criterion (Akaike, 1987) where we picked
the model with the lowest value, as it represents the best balance
between explanatory power and parsimony. We report here
genetic and environmental correlations between snus and cigarette
initiation and frequency of use.

Results
Descriptive Results

As seen in Table 1, females initiated regular smoking slightly more
frequently than males (43 to 39%; p =.51), but as smokers, men
consumed a significantly higher number of cigarettes per day at
their time of heaviest use (17.1 vs. 14.1; p < .001; Figure 2). Sex
differences were more marked for initiation of use of snus which
was seen in 32% of men and 6% of women (p <.0001). Among the
snus users, consumption was somewhat greater in males than
females (p =.08). We had in our sample 307 men and 121 women
who report using both cigarettes and snus.

Univariate Modeling

Table 2 presents the tetrachoric correlations in MZ and DZ twin
pairs for initiation of regular cigarette and snus use and the poly-
choric correlations for the quantity of cigarettes and snus con-
sumed at time of heaviest use. Correlations for all four of these
traits were quite high in MZ twins, ranging from +.74 to +.82.
In DZ pairs, correlations for both initiation and quantity of ciga-
rette use were around +.35, very close to one-half the correlation
observed in MZ pairs. This is the pattern expected if twin resem-
blance arises solely from genetic factors. By contrast, correlations
for both initiation and quantity of snus use in DZ twins were sub-
stantially more than half that observed in MZ twins suggesting the
importance of shared family environment.

Table 2 presents AIC values for the three standard twin models:
the full or ACE model and two restricted models which assume
that all twin resemblance results from genetic effects (the AE
model) or from shared environmental effects (CE model). As
expected from the pattern of twin correlations, for both initiation
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and quantity of cigarettes, the AE model provided the best fit by
AIC. By contrast, for snus initiation and quantity, the fit was
the same for the ACE and AE models.

Table 2 also provides parameter estimates (and 95% ClIs) for A,
C and E from the full or ACE model. As expected, the values of c?
for cigarette initiation and quantity were both estimated at zero.
Estimates of a? and e* for these two phenotypes were, respectively,
0.79 and 0.21, and 0.74 and 0.26.

By contrast, estimates of ¢ for snus initiation and quantity were
appreciable and, although known imprecisely, were significantly
greater than zero. For snus initiation, estimates of a%, c? and e? were,
respectively, 0.51, 0.30 and 0.19. Parallel values for quantity of snus
used were 0.54, 0.23 and 0.23.

Bivariate Modeling

We report the results of a Cholesky decomposition analysis in
Table 3, where we defined cigarette initiation or frequency of use as
the upstream or independent variable and snus initiation or fre-
quency as the downstream or dependent variable. We also present
genetic and environmental correlations estimated from these results.
We first examine cigarette and snus initiation. Our focus in the inter-
pretation of these models is on the sources of genetic and environ-
mental effects that are predicted to be specific to snus. The ACE and
AE model produced similar fits by AIC (slightly better for the AE
models), and so, we present results from both models. The ACE
model shows a substantial genetic cross-path from cigarette initia-
tion to snus initiation but no shared environmental effects common
to the two forms of tobacco use. In this model, familial factors spe-
cific to snus initiation use were largely shared environmental origin
with only moderate contribution from genes. Unique environmental
factors also contributed moderately to snus-specific effects. The
ACE model predicted a substantial genetic correlation between
cigarette and snus initiation of +.82 but no shared environmental
correlation and a modest unique environmental correlation (4-.42).
The AE model produced quite different results. Here, familial effects
that impacted only on snus initiation were entirely genetic. In this
model, the genetic correlation between cigarette and snus initiation
was modest and estimated at +.47.
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The pattern of results was similar for quantity of use of ciga-
rettes and snus. The AE model fit slightly better than the ACE
model. As with initiation, the ACE model predicted that a prepon-
derance of the familial effects specific to the quantity of snus con-
sumed were largely shared environmental with a moderate
contribution of snus-specific genetic effects. The genetic correla-
tion was estimated to be relatively high: +.63. The AE model
presents a quite different picture where only genes were respon-
sible for the familial effects specific to snus use. This model esti-
mated the genetic correlation between the quantity of use of
cigarettes and snus was relatively modest and estimated at +.42.

Discussion

This paper had two interrelated goals. We first examined in the
same population-based Norwegian twin sample the role of genetic
and environmental factors in twin resemblance for initiation and
frequency of use for cigarettes and snus. Then, we examined, for
the first time to our knowledge, a bivariate analysis of cigarette and
snus initiation and frequency of use to examine the degree to
which similar or different genetic and environmental factors influ-
ence these two modes of tobacco self-administration. We review
these results in turn.

First, we found that in adulthood, initiation of regular cigarette
use and quantity of use were both highly heritable traits with no
evidence of shared environmental effects. Our estimates of herit-
ability (79% and 74%) are toward the upper range of those previ-
ously reported (Li et al., 2003; Sullivan & Kendler, 1999) and our
lack of evidence for shared environmental effects is somewhat
unusual. However, in the 17 twin studies of smoking initiation
in adults reviewed by Sullivan and Kendler (1999), 4 studies found
estimates of heritabilities of >70% and 3 reported estimates of c2 <
10%. In the presence of substantial genetic effects, our sample is
not well-powered to detect small shared environmental influences
(Neale et al., 1994).

Second, the pattern of results for snus initiation and frequency
of use differed meaningfully from that found for cigarettes in the
Norwegian population. Heritability estimates for snus were lower,
and unlike for cigarettes, there was clear evidence for shared envi-
ronmental effects. These findings are broadly replicated by the one
previous twin study of multiple forms of tobacco use performed in
Virginia where estimates of shared environmental effects were
lower for cigarettes than those found for all the other forms of
tobacco, including cigars, pipes, dips and chewing tobacco
(Schmitt et al., 2005). One plausible explanation for these findings
is that the universal availability and widespread use of cigarettes
reduces familial-environmental influences on its use, while for
the rarer forms of tobacco, within-family social learning effects
(Bandura, 1986) play a stronger role in decisions to initiate use.

Third, we examined, using bivariate Cholesky decomposition,
the nature of the sharing of genetic and familial-environmental
risk factors for cigarette and snus initiation and quantity of use.
The interpretation of these results is somewhat more problematic
than those for the univariate analyses. We present results both
from the ACE and AE models that tell rather different stories about
the causes of resemblance for cigarette and snus use. The slightly
better-fitting AE models suggest that genetic effects were the sole
source of familial effects specific to snus initiation and quantity of
use. By contrast, the ACE models suggest that the bulk of familial
effects specific to snus was environmental in origin, with a modest
contribution of genetic effects.
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Fig. 2. Ahistogram of the frequency of reported cigarettes per day at time of heaviest
use in females (top half) and males (bottom half). Note: 1 =males, 0 =females.

Although not fitting quite as well, we favor results from the ACE
model for three reasons. First, when power in twin analyses is low, as
it is in this case with our modest sample size, Sullivan and Eaves
(2002) have convincingly argued that results from the full model
are likely to be more accurate than those for the best-fit model.
Second, this is particularly true when trying to estimate accurately
the shared environmental contribution in the presence of robust
genetic effects, which can be done with high confidence only in quite
large twin samples (Neale et al., 1994). Third, both an examination
of the twin correlations and the univariate analyses provide rather
convincing evidence for shared environmental effects for snus ini-
tiation and quantity of use. This makes suspect a bivariate model
which, despite its good statistical fit, sets these effects to zero.

It is interesting to compare our findings with prior twin analy-
ses of the use of different forms of cannabis (leaf marijuana and
hashish) and cocaine (intranasal powder and inhaled crack;
Agrawal et al,, 2004). For both drugs, the analyses showed a com-
plete overlap of genetic factors and a nearly complete overlap of
shared environmental influences on the two forms of administra-
tion. This report and the one previous study of this question
(Schmitt et al., 2005) suggest that the factors governing use of vari-
ous forms of tobacco differ in ways that are not seen for the use of
the various forms of cannabis and cocaine. Perhaps the much
longer history of tobacco use and the associated strength of cultural
factors impacting on its consumption (Courtwright, 2001) are
responsible for these observed differences

Limitations

These results should be interpreted in the context of several poten-
tially important methodological limitations. First, our results are
only relevant for the Norwegian population. Whether they will
extrapolate to other populations is an empirical question.
Second, despite a reasonable sample size of twins, our power
was limited, especially in distinguishing the ACE and AE models.
Simulations presented in Neale et al. (1994) demonstrate that with
the sample sizes and trait frequencies available to us, we would be
well powered only to detect c> components responsible for more
than 35% of phenotypic variance. For this paper, we performed
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simulations addressing our ability to detect subtler levels of ¢? of
5% of total variance (Verhulst, 2017). At appropriate levels of
prevalence and heritability, over 10,000 twin pairs are required
to detect ¢ with 80% power.

Third, given our limited ability to distinguish key hypotheses in
our entire sample, we were also insufficiently powered to be able to
evaluate and test for qualitative sex effects. Substantial efforts were
taken, and we were unable to obtain stable results. We tested our
power formally (Verhulst, 2017). With our sample sizes, we could
expect to reject a model assuming a genetic correlation of unity
between the sexes with 80% power only with unrealistically small true
genetic correlations of <.20. Fourth, we did not include age moder-
ation in our analyses. However, across our relatively narrow age range
(ages 36-50), prevalence of cigarette and snus use was relatively stable.
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