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Background. Numerous epidemiological studies have reported a positive association between major depression

(MD) and regular tobacco use (RU) or nicotine dependence (ND). However, few have used a genetically informative

design to assess whether these traits share a common genetic and/or environmental liability.

Method. We assessed MD, RU and ND in same-sex twins from the population-based Swedish Twin Registry. In

males, we examined both cigarette use and snus (smokeless tobacco) use. We used structural equation modeling to

examine the relationship between MD, RU, and ND given RU.

Results. The results suggest modest correlations between MD and RU, and between MD and ND. In males, the

liability shared between MD and RU is solely genetic for both cigarettes and snus, while MD and ND share both

genetic and unique environmental influences. The continuation to ND given RU differed considerably between

cigarette and snus users. In females, both MD–RU and MD–ND relationships are partially attributable to genetic and

unique environmental correlations.

Conclusions. The relationship among MD, RU and ND is at least partially attributable to shared genetic and

environmental risk factors. The genetic and environmental correlations between traits are modest. The nature of the

shared liability differs by sex, and in males, by the type of tobacco product used. Differences between previous

reports and results presented in the current study are suggestive of population differences in how MD and tobacco

use inter-relate.
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Introduction

Many studies have demonstrated a positive associ-

ation between tobacco use and depressive disorders

(e.g. Breslau et al. 1991 ; Klungsoyr et al. 2006 ; Sihvola

et al. 2008). Others have examined the relationship

between nicotine dependence (ND) and major de-

pression (MD) or depressive symptoms, with results

suggesting that the risk of MD is higher with increas-

ing levels of ND (Breslau & Johnson, 2000; Kessler

et al. 2007 ; Manley et al. 2009). The causes underlying

these associations remain unclear. Tobacco use could

cause depressive symptoms, and/or depression could

lead to tobacco use. Alternatively, the association

could be non-causal, i.e. tobacco use and depression

could share a common liability, in turn the result of

genetic and/or environmental influences. These pos-

sibilities are not mutually exclusive.

Genetic epidemiological studies have been under-

taken to address the possibility that MD and tobacco

use traits (initiation of tobacco use, progression to

regular use, and ND) share a common liability influ-

enced by genetic and/or environmental factors.

Kendler et al. (1993) tested a causal model, in which

smoking causes MD or vice versa, and a non-causal

model, in which the association between these traits

is due to shared genetic and/or environmental liab-

ility. Their results supported a non-causal model in

which shared liability was due predominantly to

genetic factors. Other twin studies have also identified

modest to moderate levels of genetic and/or environ-

mental correlation between regular tobacco use or

ND and depression or depressive symptoms, in both

adolescents (McCaffery et al. 2008) and adults (Fu et al.

2002 ; Korhonen et al. 2007; Lyons et al. 2008). Kendler
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et al. (1993) reported a substantial genetic correlation

between MD and regular smoking in women (ra=
0.56). While a similar estimate has been reported

among adolescent females (ra=0.62, McCaffery et al.

2008), lower estimates have also been reported

(ra=0.17–0.25, Korhonen et al. 2007; Lyons et al. 2008).

McCaffery et al. (2008) found that the genetic corre-

lation between these traits was not significant among

adolescent males.

In the current report, we examine a large

population-based sample of Swedish twins to assess

whether MD, regular tobacco use and ND are in-

fluenced by shared genetic and/or environmental

factors. We employ a modified version of the causal–

contingent–common pathway (CCC) model (Kendler

et al. 1999) to account for the contingency of ND on

regular tobacco use. We fit models to cigarette use and

cigarette-related ND in both males and females ; snus

(smokeless tobacco) use was sufficiently prevalent

among males to also fit models addressing the re-

lationship between MD, regular snus use and snus-

related ND.

We address several questions : (i) is there evidence

of a shared liability, or non-causal explanation, for

the association between MD, tobacco use and ND?;

(ii) does the structure of genetic and environmental

influences on these traits differ between males and

females? ; (iii) in males, are there differences between

genetic and environmental influences on cigarette use

versus snus use and corresponding measures of ND?

Method

Sample

Data were collected for the Swedish Screening Across

the Lifespan Twin (SALT) study, which is based on

the Swedish Twin Registry (Lichtenstein et al. 2002 ;

Pedersen et al. 2002) and has been described elsewhere

(Kendler et al. 2006) (see also Supplementary Material,

available online). The present analyses are based

on same-sex twins of known zygosity (n=27993)

(Table 1). Zygosity was assigned as described else-

where (Lichtenstein et al. 2002). Informed consent was

verbally obtained prior to interviews and confirmed in

a post-interview letter. The Swedish Data Inspection

Authority, the Ethics Committee of the Karolinska

Institute and the Institutional Review Board of the Uni-

versity of Southern California approved this project.

Measures

The measure of MD used for this sample has been

described previously (Kendler et al. 2006). Briefly,

the computerized Composite International Diagnostic

Table 1. Prevalence of MD, tobacco use and levels of nicotine dependence in same-sex twin pairs of the SALT sample, and odds ratios

between MD and tobacco use traits

Trait

Prevalence, %

Odds ratios (95% CI)Males

(maximum

n=12744)

Females

(maximum

n=15249) Males Females

MD** 13.0 24.8 N.A. N.A.

Regular cigarette use 66.3 66.7 1.21 (1.07–1.36)# 1.52 (1.38–1.67)##

Regular snus use** 28.5 2.3 1.28 (1.14–1.45)## 2.01 (1.52–2.66)##

Nicotine dependence – cigarettes**

Very lowa 46.0 53.1 1.00 (0.86–1.15) 1.21 (1.09–1.36)##

Low 31.7 27.3 1.02 (0.87–1.20) 1.51 (1.32–1.72)##

Medium 10.8 10.0 1.82 (1.48–2.24)## 2.32 (1.95–2.77)##

High 9.5 8.7 2.04 (1.65–2.52)## 2.95 (2.46–3.55)##

Very high 1.9 1.0 2.80 (1.89–4.16)## 4.34 (2.69–7.02)##

Nicotine dependence – snus*

Very lowa 19.0 29.2 1.24 (0.98–1.57) 2.45 (1.53–3.95)##

Low 36.1 33.9 1.09 (0.90–1.31) 1.00 (0.99–1.00)

Medium 34.2 28.3 1.39 (1.17–1.66)## 1.82 (0.90–3.69)

High 10.7 8.6 1.71 (1.29–2.27)## 0.93 (0.31–2.77)

MD, Major depression ; SALT, Swedish Screening Across the Lifespan Twin ; CI, confidence interval ; N.A., not applicable.
a Non-smokers/non-snusers served as the reference category for very low nicotine dependence.

Significant sex differences in prevalence : * p<0.001, ** p<0.0001.

Significant odds ratios : # p<0.01, ## p<0.001.
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Interview Short-Form was adapted to assess lifetime

prevalence of depression; a small number (n=205 of

the current sample) volunteered that they were taking

anti-depressants, were considered positive for a his-

tory of MD and included in the analysis, but were not

assessed for depressive symptoms.

These analyses use data collected on cigarette use

and snus use. Interview questions relevant to these

analyses include: whether the participant had ever

smoked or used snus ; daily cigarette consumption;

weekly snus consumption; and the frequency with

which they smoked/used snus. We considered an in-

dividual as a ‘regular smoker’ or a ‘ regular snus user ’

if at least one of the following was true: (i) they re-

ported ever regularly smoking/snusing; (ii) they re-

ported at least 1 year of smoking/snusing; (iii) they

reported weekly use of cigarettes/snus. We will refer

to regular use (RU) of cigarettes as RUC, and regular

use of snus as RUS.

ND was assessed using items from the Fagerstrom

Test for Nicotine Dependence (FTND) (Heatherton

et al. 1991). FTND score was further categorized into

five levels of dependence : scores of 0–2 are grouped

as ‘very low’ ; 3–4 as ‘ low’ ; 5 as ‘medium’; 6–7 as

‘high’ ; and 8–10 as ‘very high’. A subset of items from

the FTND was also asked of snus users : (i) latency to

first snus ; (ii) which snus would you most hate to give

up?; (iii) quantity snused; and (iv) do you snus

more in the morning? To maintain consistence with

the cigarette-oriented FTND, we converted snus con-

sumption (originally reported in terms of snus boxes

per week) to the comparable amount of cigarettes

per day using Fagerstrom (2005) as a guide. Due

to having fewer questions on this modified FTND

scale, we grouped users into only four categories of

dependence. We will refer to measures of ND derived

from questions regarding cigarette use as NDC, and

those derived from questions regarding snus use

as NDS.

Due to the structure of our model (described

below), we applied a number of contingencies to the

coding of the data. Participants were scored for reg-

ular tobacco use only if they positively endorsed

the question regarding initiation, and set to missing

otherwise. Dependence scores were assigned only if

the participant was scored positively as a regular

tobacco user, and scores were assigned separately for

each product (i.e. an individual using both cigarettes

and snus regularly was assigned a separate depen-

dence score for each method of administration).

Statistical analyses

We prepared data for use as raw ordinal data in the

statistical modeling package Mx (Neale et al. 2003).

This approach assumes that the ordinal categories are

representative of an underlying normal distribution of

liability, with thresholds in liability discriminating

between categories. Measures of MD, RUC and RUS

were coded 0 or 1 ; NDC was grouped into five cat-

egories coded from 0 to 4; NDS was grouped into four

categories coded from 0 to 3.

In twin modeling, liability to traits such as de-

pression or ND can be attributed to several latent

sources of variance : additive genetic factors (A) ;

shared environment (C) ; and unique environment (E).

Estimates of each of these variance components are

calculated by comparing the phenotypic correlation

between monozygotic twins, who share all their genes,

with dizygotic twins, who share half of their genes on

average identically by descent.

The saturated model used in these analyses is de-

picted in Fig. 1. This is a modification of the CCC

model (Kendler et al. 1999), and takes into consider-

ation the contingency of ND on regular tobacco use.

Thus, liability to dependence is a function of both risk

shared with regular tobacco use (depicted by the

b pathway in Fig. 1) and risk factors independent of

A1 C1 E1 A2 C2 E2 A3 C3 E3

a2,2

a1,1 c1,1 e1,1 a2,1 c2,1 e2,1

c2,2 e2,2
a3,3 c3,3 e3,3

e3,1c3,1
a3,1

Major
depression

Nicotine
dependence

Regular
use

β

Fig. 1. Saturated trivariate model depicting relationship between major depression, regular tobacco use and nicotine

dependence. In this modified version of the causal–contingent–common pathway (CCC) model, the regression path (b)

demonstrates that a score on the nicotine dependence scale is contingent on regular tobacco use. A, C and E represent latent

additive genetic, common environmental and unique environmental sources of variance influencing the observed traits.
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regular tobacco use. If all liability to dependence can

be accounted for by liability to regular use, the b

common pathway coefficient will approach 1, and the

path coefficients a3,3, c3,3 and e3,3 will approach 0. Our

model also includes MD, which is not contingent on

regular tobacco use or ND, and allows for shared

genetic and environmental liability between MD and

both tobacco-related variables. This model allows

us to assess quantitative sex effects by obtaining

parameter estimates for both sexes and testingwhether

these parameters can be constrained to equality with-

out a loss in model fit. Because of the complex model

design, we opted not to test for qualitative sex effects

(wherein the same trait is at least partially influenced

by different genes in males versus females) ; thus,

opposite-sex twin pairs are excluded from our ana-

lyses.

The fit of nested models was assessed as a function

of the change in the value of twice the log likelihood of

the data, which is distributed as a x2 statistic with de-

grees of freedom (df) equal to the difference in the

number of parameters estimated between models.

A significant Dx2 indicates a significant deterioration

in model fit, which would result in rejection of

the nested model. We also used Akaike’s Information

Criterion (AIC; Akaike, 1987) to select models.

A lower AIC value indicates a better balance between

the explanatory power of a model and parsimony.

Equal environments assumption

We examined the similarity of childhood environment

(number of years living together in home of origin)

and adult environment (current frequency of contact

or personal meetings with the co-twin) to deter-

mine whether monozygotic twins may have had more

similar environmental experiences than dizygotic

twins (Kendler, 1983). Using logistic regression while

controlling for zygosity, we tested, separately by sex,

whether the mean score on environmental measures

predicted pair concordance for all phenotypes.

Results

Descriptive statistics

The prevalence of lifetime MD in the SALT sample has

been described elsewhere (Kendler et al. 2006).

Prevalence of MD, regular tobacco use and ND levels,

along with measures of sex differences where ap-

propriate, are provided in Table 1. Mean age at onset

of MD was 39.2 years. Mean age of onset of tobacco

use was 18.0 years. Additional details are provided in

Supplementary Table 1 and Materials.T
ab
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The relationship between regular tobacco use and

MD is positive and statistically significant (Table 1) for

both sexes, and for both types of tobacco use in males.

Odds ratios for MD generally increased with increas-

ing levels of ND, although in some cases the 95%

confidence intervals (CIs) span unity. Tetrachoric and

polychoric correlations between twins for MD and

tobacco use variables are presented in Table 2.

Monozygotic twins exhibit higher levels of correlation

than do dizygotic twins, suggesting that the covari-

ance between twins is at least partially attributable to

genetic factors.

Equal environments assumption

Zygosity was significantly (p<0.0001) associated with

both childhood and adult environmental measures

for both sexes, controlling for age. The measure of

childhood environment significantly predicted twin

concordance for cigarette-based ND in males (p=
0.0299) and females (p<0.0001). However, similarity

in this environmental measure accounted for little

of the total variance in twin concordance [Dr2

(rescaled)=0.0032 in males and 0.0106 in females].

Neither measure of adult environment predicted con-

cordance for any phenotype.

Trivariate analysis of MD, RUC and NDC

We first tested whether variance components could be

constrained to be equal across the sexes in the satu-

rated model. This resulted in a significant deterio-

ration in fit (Dx2=42.58, Ddf=16, AIC=+10.58)

(Table 3) so subsequent models did not incorporate

Table 3. Model fitting results for MD, regular tobacco use and ND

Model

comparison Ddf Dx2 p DAIC

MD, regular cigarette use and FTND

1. Full CCC modela – – – – –

2. Constrain sources of variance across the sexes 2 v. 1 16 42.577 <0.0001 +10.577

3. AE model 3 v. 1 10 9.634 0.473 x10.366

4. CE model 4 v. 1 10 219.662 <0.0001 +199.662

5. Set all genetic cross-trait correlations to 0 for both sexes 5 v. 3 4 60.273 <0.0001 +52.273

6. Set all environmental cross-trait correlations to 0 for both sexes 6 v. 3 4 23.543 <0.0001 +15.543

7. Set genetic and environmental correlation between

MD and FTND to 0 for both sexes

7 v. 3 4 67.44 <0.0001 +59.440

8. Set genetic and environmental correlation between MD

and regular use to 0 for both sexes

8 v. 3 4 105.583 <0.0001 +97.583

9. Set environmental correlation between MD and regular

use to 0 in malesb
9 v. 3 1 0.001 0.973 x1.999

10. Test for quantitative genetic effects across the sexes 10 v. 9 5 13.67 0.018 +3.670

MD, regular snus use and ND

1. Full CCC modelc – – – – –

2. AE model 2 v. 1 5 3.779 0.582 x6.221

3. CE model 3 v. 1 5 106.859 <0.0001 +96.859

4. Set all genetic cross-trait correlations to 0 4 v. 2 2 19.525 <0.0001 +15.525

5. Set all unique environmental correlations to 0 5 v. 2 2 4.308 0.116 +0.308

6. Set genetic correlation between MD and ND to 0 6 v. 2 1 0.77 0.38 x1.23

7. Set unique environmental correlation between MD and ND to 0 7 v. 6 1 3.454 0.063 +1.454

8. Set genetic correlation between MD and regular snus use to 0 8 v. 6 1 18.75 <0.0001 +16.750

9. Set unique environmental correlation between MD and

regular snus use to 0d
9 v. 6 1 1.63 0.202 x0.370

MD, Major depression ; ND, nicotine dependence ; FTND, Fagerstrom Test for Nicotine Dependence ; df, degrees of

freedom; AIC, Akaike’s Information Criterion ; CCC, causal–contingent–common pathway ; A, additive genetic factors ;

E, unique environmental factors ; C, shared environmental factors ; LL, log likelihood.
ax2LL=83374.749 ; df=60926 ; AIC=x38477.251.
b Best fit model : x2LL=83384.384 ; df=60937 ; AIC=x38489.616.
cx2LL=29188.486 ; df=25714 ; AIC=x22239.514.
d Best fit model : x2LL=29194.666 ; df=25721 ; AIC=x22247.334.
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this constraint. We next tested an AE model, in which

shared environment does not contribute to variance,

and a CE model, in which genetic factors do not con-

tribute to variance. The AE model fit well (Dx2=9.63,

Ddf=10, p=0.473, AIC=x10.37) ; however, the CE

model fit significantly worse (Dx2=219.66, Ddf=10,

p<0.001, AIC=+199.66) and was rejected. We sub-

sequently tested a series of models nested within the

full AE model, e.g. to assess whether the genetic and

environmental correlations between traits could be

removed without a deterioration in fit. Ultimately,

only the environmental correlation path between MD

and regular cigarette use (path e2,1) could be removed,

and only in males. Parameter estimates of the best-

fitting models for these analyses are depicted in

Figs. 2a and b.

The sample used for the present analyses differs

slightly from that which was previously reported on

(Kendler et al. 2006) ; consequently, our precise esti-

mates differ slightly. Heritability estimates and 95%

CIs for all traits are given in Table 4. Heritability esti-

mates for RUC were similar in the two sexes (a2=0.70

in males and 0.76 females). NDC was less heritable

than RUC, with estimates of a2=0.48 in males and

(a)

(b)

(c)

E2 A3E1A1 A2 E3

Major
depression

RUs NDs

0.56
(0.56–0.56) 0.83

(0.80–0.83)
0.18

(0.11–0.18)

0.79
(0.79–0.83)

0.58
(0.54–0.60)

0.04
(0.04–0.09)

0.75
(0.75–0.77)

0.50
(0.37–0.52)

0.42
(0.23–0.56)

E2 A3E1A1 A2 E3

Major
depression

RUc NDc

0.67
(0.62–0.70)

0.75
(0.71–0.78) 0.17

(0.16–0.20)

0.06
(0.05–0.08)

0.85
(0.85–0.88) 0.49

(0.45–0.49)

0.55
(0.52–0.57)

0.06
(0.04–0.08)

0.13
(0.12–0.16)

0.63
(0.58–0.65)

0.50
(0.42–0.50)

E2 A3E1A1 A2 E3

Major
depression

RUc NDc

0.56
(0.56–0.57) 0.83

(0.83–0.88) 0.83
(0.83–0.86) 0.08

(0.08–0.08)

0.37
(0.37–0.37)

0.12
(0.04–0.14)

0.55
(0.53–0.56)

0.61
(0.60–0.62)

0.68
(0.68–0.68)

0.11
(0.11–0.11)

Fig. 2. Best-fitting models for major depression, regular use of cigarettes (RUC) and cigarette-based nicotine dependence

(NDC) in males (a) and females (b) and for major depression, regular snus use (RUS) and nicotine dependence derived from

snus use (NDS) in males (c). A and E represent latent additive genetic and unique environmental sources of variance

influencing the observed traits.
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a2=0.62 in females. The remainder of the variance is

attributable to non-shared environmental factors.

In both sexes, the genetic correlation between MD

and RUC was modest (ra=0.13 in males and 0.19 in

females) but could not be set to zero. The correlation

between unique environmental influences on MD and

RUC could be removed from the model for males ; in

females, the environmental correlation was modest

(re=0.12), but significant.

The genetic correlation between MD and NDC was

0.18 for males and 0.30 for females ; the corresponding

environmental correlations were lower (0.14 for males

and 0.17 for females). The total genetic variance of

NDC can be partitioned into its different sources : that

which is specific to NDC (path a3,3) ; that which is

shared only with RUC (a function of paths b and a2,2) ;

and that which is shared with MD both independent

of RUC (path a3,1) and through genetic factors shared

between MD and RUC (a function of paths b and a2,1).

Because the b path differs between the sexes (0.37 for

males and 0.63 for females) the proportion of genetic

and environmental variance specific to NDC varies

considerably between the sexes : 79% of the genetic

influences on NDC are specific to dependence in

males, contrasted with 49% in females. Consequently,

far less of the genetic variance affecting NDC is shared

with regular smoking in males (20%) than in females

(47%). Variance shared between NDC and MD ac-

counts for very little of the total genetic variance in-

fluencing NDC (<5% for both sexes, Fig. 3), but cannot

be removed from the model.

Trivariate analysis of MD, RUS and NDS

We tested, in males only, whether an ACE, AE or CE

model most parsimoniously explained the data : fitting

an AE model resulted in an improvement in AIC

(Dx2=3.779, Ddf=5, p=0.582, AIC=x6.221), while a

CE model fit substantially worse (Dx2=106.859,

Ddf=5, p<0.001, AIC=+96.859). Thus, we tested

subsequent models nested within an AE model. We

were able to further improve AIC by removing the

direct genetic correlation between MD and NDS (path

a3,1) and the unique environmental correlation be-

tween MD and RUS (path e2,1) (Table 3).

Our estimates of the contributions of genetic and

unique environmental factors to MD are nearly ident-

ical to those obtained when modeling the relationship

Table 4. Variance components from best-fit model

Variance

component MD RUC NDC RUS NDS

a2m 0.31 (0.22–0.40) 0.70 (0.64–0.74) 0.48 (0.41–0.54) 0.66 (0.61–0.68) 0.62 (0.56–0.66)

e2m 0.69 (0.66–0.74) 0.30 (0.30–0.36) 0.51 (0.45–0.58) 0.34 (0.31–0.34) 0.38 (0.37–0.39)

a2f 0.44 (0.39–0.49) 0.76 (0.76–0.76) 0.62 (0.62–0.63) N.A. N.A.

e2f 0.56 (0.50–0.59) 0.24 (0.20–0.26) 0.35 (0.31–0.39) N.A. N.A.

Values are heritability estimates and 95% confidence intervals.

MD, Major depression ; RUC, regular cigarette use ; NDC, nicotine dependence derived from cigarette use ; RUS, regular

snus use ; NDS, nicotine dependence derived from snus use ; a2m, heritability in males ; e2m, environmental variance in

males ; a2f, heritability in females ; N.A., not applicable ; e2f, environmental variance in females.

0 20 40 60 80 100

NDs- male

NDC - female

NDC - male

Contribution (%)

Fig. 3. Contributions (%) to the total genetic variance of nicotine dependence (ND). NDC, ND based on cigarette use ;

NDS, ND based on snus use ; ( ), ND-specific ; (%), shared with regular use ; (&), shared with major depression.
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between MD, RUC and NDC (a2=0.31, e2=0.69). The

heritability of RUS is quite similar to that of RUC

(a2=0.66 and 0.70, respectively). The heritability of

NDS is 0.62. The genetic correlation between MD and

RUS (ra=0.22) is slightly higher than that for cigarette

use in males. As with MD and RUC, the unique en-

vironmental covariance between MD and RUS could

be set to 0. The remaining variance in RUS and NDS is

accounted for by unique environmental factors.

The genetic correlation between MD and NDS

(ra=0.17) is comparable with that of MD and NDC

(ra=0.18). The unique environmental correlation be-

tween MD and NDS is low (re=0.07). However, the

coefficient of the regression path (b) between RUS and

NDS is higher than that found for cigarette use (0.75 v.

0.37). Accordingly, much of the variance in NDS can be

accounted for by RUS rather than being ND-specific.

Ultimately, liability to RUS accounts for 57% of the

total heritability and 51% of the total unique environ-

mental variance of NDS. NDS-specific variance ac-

counts for much of the remainder (40% of the total

genetic variance and 49% of the total environmental

variance) ; only 3% of the total genetic variance in-

fluencing NDS is shared with MD (Fig. 3), and only

0.4% of the total environmental variance is shared

with MD.

Discussion

We attempted to address three major questions in

these analyses : (i) does shared genetic and/or en-

vironmental liability contribute to the correlation

between MD and tobacco use? ; (ii) does the structure

of genetic and environmental influences differ across

the sexes? ; and (iii) among males, does this structure

differ depending on the type of tobacco used?

Our results support the hypothesis that MD, regular

tobacco use and ND share a common liability. In

males, the nature of the non-causal relationship be-

tween MD and regular tobacco use – for both ciga-

rettes and snus – can be accounted for entirely by

genetic factors shared by these traits. In females, gen-

etic and environmental influences contribute to this

covariance. Estimates of the genetic correlation be-

tween MD and regular tobacco use or ND are modest,

ranging from ra=0.13 to 0.30, indicating that the gen-

etic liability to these traits is largely specific to each.

However, genetic correlations are higher than en-

vironmental correlations (re=0–0.17).

A summary of previous reports of genetic correla-

tions between MD and tobacco use traits is provided

in Table 5. Our estimate of the genetic correlation be-

tween MD and regular smoking in females is sub-

stantially lower than has been previously reported in

adult (Kendler et al. 1993) and adolescent (McCaffery

et al. 2008) females. Our results for males are compar-

able with (but lower than) other reports of genetic

correlations between MD and regular smoking. Our

estimate of the genetic correlation between MD and

cigarette-based ND is substantially lower than that

reported by Lyons et al. (2008). This discrepancy may

be partially attributable to their use of a dichotomous

rating of ND, whereas the current report used five

categories of dependence derived from the FTND;

these scales might measure different aspects of ND

(Hughes et al. 2004 ; Kandel et al. 2005).

Table 5. Summary of previous reports of genetic correlations between depression and tobacco use

Study

Sample

population Sample sex

Depression

measure

Tobacco use

measure

Genetic correlation

Women Men

Kendler et al. (1993) Virginia, USA Adult women DSM-III-R RUC 0.56 N.A.

Korhonen et al. (2007) Finland Adult men and

women

BDI RUC Not modeled 0.25

Lyons et al. (2008)a Vietnam era

twins (USA)

Adult men DSM-III-R RUC and NDC N.A. RUC: 0.17

NDC: 0.71

McCaffery et al. (2003) USA Adult men CES-D Current and

lifetime RU

N.A. Current RU: 0.05

Lifetime RU: 0.17

McCaffery et al. (2008) USA Adolescent men

and women

CES-D Smoking

frequency

0.62 0

DSM-III-R, third revision of the Diagnostic and Statistical Manual of Mental Disorders, revised ; RUC, regular cigarette

use ; N.A., not applicable ; BDI, Beck Depression Inventory ; NDC, cigarette-based nicotine dependence ; CES-D, Center for

Epidemiological Studies – Depression ; RU, regular use.
a Lyons et al. (2008) used the DSM-III-R diagnostic criteria to assess nicotine dependence.
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Given the consistency in heritability estimates of

MD across samples, and the likelihood that the genetic

basis of ND – that is, which is specific to dependence

rather than shared by initiation or regular use – is un-

likely to be substantially different across populations,

the high phenotypic correlations and modest genetic

correlations between these traits suggest that social

factors heavily influence smoking behavior. These

social factors – and the genes influencing them – likely

differ across countries, cultures and cohorts.

We detected significant sex differences for ND.

Among cigarette smokers, ND was more highly heri-

table among women (a2=0.62) than men (a2=0.48).

Furthermore, the proportion of genetic effects specific

to ND – that is not shared with depression or regular

use – was much greater in males (about 80%) than in

females (49%). For both sexes, the remaining variance

is shared mostly with regular cigarette use, and only a

modest amount of the total genetic variance in ND is

shared with depression. The difference between sexes

in the proportion of ND-specific genetic effects is due

mostly to the b path : for women, regular smoking and

ND exhibit relatively high continuity, whereas ad-

ditional, unidentified factors are relevant for men.

In general, our estimates for the heritability of reg-

ular smoking and cigarette-based ND are comparable

with those from the Virginia Twin Registry (a2=0.80

for regular use and 0.67 for ND) (Maes et al. 2004),

although in that sample variance could be constrained

to be equal across the sexes. Heritability specific to

dependence is also similar across the studies (a2=0.26

for the Virginia sample v. 0.37 for Swedish males and

0.30 for Swedish females).

A notable difference between these studies is in the

continuity between regular smoking and subsequent

ND. In contrast to our results, Maes et al. (2004) found

that this parameter approached unity (b=0.93). This

difference is particularly striking among males in the

current study (b=0.37). Lyons et al. (2008) reported an

intermediate result (b=0.54) among men. An analysis

of the pathway from smoking initiation to ND in fe-

male twins (Kendler et al. 1999) estimated the b path to

be similar to that reported here for females (b=0.77, v.

0.63 in the current study). Swedish males appear to be

outliers in that the sources of variance influencing

regular cigarette use are only modestly influential

on ND. The causes underlying this deviation from

previous results are unclear.

In our male sample, we sought to compare the

genetic and environmental influences on cigarette use

and snus use, as well as on ND as associated separ-

ately with these two different tobacco products. The

heritabilities of regular snus use and regular cigarette

use are similar ; however, snus-based ND is more

highly heritable, and the relationship between regular

snus use and ND (i.e. the b path) is stronger than

that between regular smoking and ND. Accordingly,

relative to regular smoking and cigarette-based ND,

far more of the total genetic variance of snus-based

ND is shared with regular snus use (20% v. 57%, re-

spectively). Furthermore, although the differences are

modest, it is worth noting that the genetic correlation

between MD and RUS (ra=0.22) is higher than be-

tween MD and RUC (ra=0.13), indicating that the

genetic liability shared between MD and tobacco use

is higher for this less common method of tobacco ad-

ministration than for cigarette smoking.

Few studies have examined the relationship be-

tween MD and smokeless tobacco use. Sihvola et al.

(2008) explored early (age 14 years) depressive dis-

orders and later (age 17.5 years) cigarette use or

smokeless tobacco use in a Finnish population, and

found similar odds ratios for both types of tobacco use.

Those findings are generally in agreement with our

own. Schmitt et al. (2005) investigated cigarette and

smokeless tobacco use in the male sample of the

Virginia twin study and reported heritability estimates

similar to those reported here for both regular ciga-

rette use (a2=0.69 for males in the current study versus

0.64 by Schmitt et al.) and snus use (a2=0.66 v. 0.73).

Potentially relevant differences among samples

include ethnicity, age and culture. Some evidence

suggests that heritability increases in the context of

permissive environments, such as increased accept-

ance of smoking among women in younger popu-

lations (Kendler et al. 2000), although this is not always

the case (Kendler et al. 2004). We conducted post-hoc

analyses to assess the extent to which heritability dif-

fered by cohort by dividing our sample into two using

a median split by birth year. The resulting heritability

estimates were quite similar in both groups (data not

shown), though this does not preclude the possibility

that cohort differences are contributing to the dis-

crepant results across samples. Overall, our estimates

of the heritabilities of these traits are comparable with

previous reports.

Although shared genetic and environmental liab-

ilities influence MD, regular tobacco use and ND,

causal pathways might also contribute to the associ-

ation among these traits. The details of causal hy-

potheses and how they might apply to our results are

beyond the scope of this study. Briefly, evidence

suggests that nicotine can have detrimental effects on

neurotransmitter systems and neural integrity (e.g.

white-matter lesions) (Ding et al. 2003 ; Malone et al.

2003), which could in turn have an impact on de-

pressive symptoms (Balfour & Ridley ; 2000 ; Tiemeier,

2003). Alternatively, individuals experiencing de-

pressed mood might use nicotine as a form of self-

medication (Parrott, 2006), in which case depressive
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symptoms could lead to tobacco use rather than vice

versa.

To our knowledge, this is the only study that in-

cludes MD, regular tobacco use and ND, while ac-

counting for the conditional nature of ND on tobacco

use, in a single structural equation model. This design

enables us to partition the genetic and environmental

influences on ND into those that are ND-specific versus

shared only with regular tobacco use, shared only

with MD, or common to all three traits. Furthermore,

we are able to compare these influences across

the sexes, as well as between different types of tobacco

use among males. Both the genetic and environmental

components of this shared risk are modest, with

genetic correlations slightly higher. These findings

have potential clinical implications, in that individuals

who regularly use cigarettes and/or snus might be at

an increased risk for MD due to shared liability in

addition to risk due to causal relationships among

phenotypes. Furthermore, these results could be in-

formative for gene-finding efforts, including genome-

wide studies, since variants associated with a

phenotype such asMD could be considered candidates

for ND or regular tobacco use as well. Considered in

the context of varied estimates of genetic correlation

across sexes, cultures and cohorts, our results are

consistent with the hypothesis that MD, tobacco use

and ND share a statistically significant genetic and/or

environmental liability, but do not preclude the exist-

ence of causal factors.

Limitations

These results should be considered in light of a num-

ber of limitations. First, our sample was limited to

Swedish individuals, and the generalizability of these

results to other populations is not known. Second, our

measures of ND did not take into consideration

the fact that many individuals use both cigarettes and

snus, and could thus have higher levels of ND

than they were assigned in these analyses. However,

post-hoc analyses suggest that, among individuals who

use both types of tobacco, few would be classified as

having a different level of ND had we employed a

more global assessment of dependence. Third, our

data were cross-sectional and retrospective, and may

be subject to errors in recall.

Fourth, our analyses assumed that the exposure to

etiologically relevant environmental risk factors is

equally correlated in monozygotic and dizygotic twin

pairs. Concordance for cigarette-based ND was sig-

nificantly predicted by our measure of childhood en-

vironment. How this environment might influence

ND concordance is unclear, particularly given that it

was not predictive of concordance for regular use of

tobacco which we considered more likely to be influ-

enced by social factors. The measure accounted for

only a very small proportion of the total variance, and

is within the CIs of our estimates. Therefore, we feel

that it is unlikely to have introduced significant biases

in our results. Finally, these analyses were not cor-

rected for potentially confounding factors, such as

other types of psychopathology, neuroticism or socio-

economic status.

Note

Supplementary material accompanies this paper on

the Journal’s website (http://journals.cambridge.org/

psm).
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