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Background. Cigarette smoking is strongly associated with mental illness but the causal direction of the association

is uncertain. We investigated the causal relationship between smoking and symptoms of anxiety and depression in

the Norwegian HUNT study using the rs1051730 single nucleotide polymorphism (SNP) variant located in the

nicotine acetylcholine receptor gene cluster on chromosome 15 as an instrumental variable for smoking phenotypes.

Among smokers, this SNP is robustly associated with smoking quantity and nicotine dependence.

Method. In total, 53 601 participants were genotyped for the rs1051730 SNP and provided information on smoking

habits and symptoms of anxiety and depression using the Hospital Anxiety and Depression Scale (HADS).

Results. Self-reported smoking was positively associated with the prevalence of both anxiety and depression, and

the measured polymorphism was positively associated with being a current smoker and the number of cigarettes

smoked in current smokers. In the sample as a whole, risk of anxiety increased with each affected T allele [odds ratio

(OR) 1.06, 95% confidence interval (CI) 1.02–1.09, p=0.002] but there was no association with depression (p=0.31).

However, we found no clear association of the polymorphism with either anxiety (OR 1.03, 95% CI 0.97–1.09,

p=0.34) or depression (OR 1.02, 95% CI 0.95–1.09, p=0.62) among smokers.

Conclusions. As there was no association of the smoking-related rs1051730 SNP with anxiety and depression among

smokers, the results suggest that smoking is not a cause of anxiety and depression.
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Introduction

Cigarette smoking is associated with an increased risk

of depression, other mental illnesses and suicide

(Davey Smith et al. 1992 ; Lasser et al. 2000 ; Hughes,

2008 ; Diaz et al. 2009), and smokers with a mental ill-

ness seem to smoke more than other smokers (Farrell

et al. 2001). However, the direction of the association

is not clear, and it is not known if smoking causes

mental illness or if mental illness leads to smoking. It

is also possible that the association of smoking with

mental illness is confounded by genetic, lifestyle or

socio-economic factors (Davey Smith et al. 1992 ;

Kendler et al. 1993 ; Munafò & Araya, 2010).

Smoking may serve as a form of self-medication

among people with mental illness (Salı́n-Pascual et al.

1996), and smoking may also be a shared social

activity. In this respect, mental illness may cause

people to smoke. By contrast, it has been hypothesized

that smoking may cause depression (Klungsøyr et al.

2006 ; Pasco et al. 2008 ; Boden et al. 2010), possibly

through an influence on neurotransmitter pathways

that are linked to mental health (Williams & Ziedonis,

2004). Smoking may also cause mental illness through

its association with physical diseases that may have

secondary effects on mental health. These explana-

tions are not mutually exclusive and the association

of smoking with mental illness may be bidirectional

(Munafò et al. 2008). It is also possible that the
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association is confounded by factors such as low socio-

economic position and alcohol misuse, which are as-

sociated with both mental illness and smoking

status, although such factors have been controlled for

in prospective investigations of this issue (Klungsøyr

et al. 2006 ; Munafò et al. 2008 ; Pasco et al. 2008 ; Boden

et al. 2010).

The use of instrumental variables may be helpful

in determining the causal nature of epidemiological

associations (Greenland, 2000) and, under certain as-

sumptions, genetic variants with known functional

associations may be particularly useful in the assess-

ment of causality (Davey Smith & Ebrahim, 2003;

Munafò & Araya, 2010). Thus, the random assortment

of genetic variants leads them to be independent

of possible confounding factors (Davey Smith et al.

2007). In addition, as germline genetic variation is

fixed at conception, associations of genetic variants

with outcomes cannot be attributed to reverse caus-

ation, which is a common reason for distortion of

effects in observational studies (Davey Smith &

Ebrahim, 2004). Genetic variants with robust bio-

logical or behavioural associations can be used in

a Mendelian randomization analysis. For example,

polymorphisms of the FTO gene have been used

as instrumental variables for obesity (Timpson et al.

2009) and genetic variants of the alcohol dehydro-

genase 2 (ALDH2) gene have been used as an instru-

mental variable for alcohol consumption (Chen et al.

2008).

Genetic variation in the nicotine acetylcholine

receptor gene cluster (CHRNA5–CHRNA3–CHRNB4)

at the long arm of chromosome 15 (15q25) has recently

been found to be related to smoking behaviours

among smokers rather than smoking initiation

(Berrettini et al. 2008 ; Thorgeirsson et al. 2008 ;

Caporaso et al. 2009 ; Thorgeirsson et al. 2010 ; Freathy

et al. 2011). Thus, each additional T allele at the

rs1051730 single nucleotide polymorphism (SNP) may

be associated with an increase in the number of cigar-

ettes smoked per day and increased cotinine levels

among smokers (Munafò et al. 2012). Therefore, this

genetic variant may be useful as an instrumental

variable for smoking behaviour (Caporaso et al. 2009 ;

Freathy et al. 2009 ; Thorgeirsson et al. 2010), and this

is supported by the association of this SNP with

smoking-related diseases (Amos et al. 2008; Spitz et al.

2008; Munafò et al. 2012).

In a collaborative European study, the T allele of

rs1051730 was associated with lower body mass

index (BMI) among ever smokers but not among

never smokers, suggesting that smoking reduces BMI

(Freathy et al. 2011) as the gene acts as a marker for

the number of cigarettes smoked per day in smokers.

With regard to mental illness, the number of T alleles

of the rs1051730 polymorphism has been associated

with a reduced tendency for depressed mood in

pregnancy among women who were smokers prior

to pregnancy, but not among non-smokers, and this

finding may be consistent with the self-medication

hypothesis (Lewis et al. 2011).

We assessed the causal association of smoking with

anxiety and depression in a large population study,

using the rs1051730 SNP variant as an instrumental

variable for smoking in a Mendelian randomization

analysis. If smoking causes anxiety and depression,

we would expect to find an association with the T

allele of the rs1051730 polymorphism among smokers

(indicating a dose–response effect) but not among

non-smokers.

Method

Participants

The data for this study were derived from the second

wave of the HUNT Study in Norway. All adults aged

o20 years in Nord-Trøndelag County were invited to

participate in the study in 1995–1997, and among ap-

proximately 92 000 inhabitants, 65 215 (71%) accepted

the invitation and gave written informed consent to

use the data for medical research. The data collection

included questionnaires, clinical measurements and

blood samples, and has been described in detail else-

where (Holmen et al. 2003). In total, 56 664 participants

were genotyped for the rs1051730 SNP variant and, of

these participants, 53 601 (82%) had provided infor-

mation on smoking habits and completed a brief

mental health questionnaire, the 14-item Hospital

Anxiety and Depression Scale (HADS). One feature of

the participants of the HUNT Study is the low ethnic

diversity (Holmen et al. 2003). The present study was

approved by the Regional Committee for Medical

Research Ethics.

Genetic variants

DNA has been extracted from blood samples for all

participants of the HUNT 2 study and is stored at

the HUNT biobank. The rs1051730 polymorphism

was genotyped at the HUNT biobank using TaqMan

genotyping assays (Applied Biosystems, USA) and

performed on an Applied Biosystems 7900HT Fast

Real-Time PCR System using 10 ng of genomic DNA.

The call rate cut-off was set to 90% and the genotype

frequencies were in agreement with HapMap data.

The genotype was coded according to the number of

the minor T allele, assuming an additive genetic

model (0=no T allele, 1=heterozygote for the T allele

and 2=homozygote for the T allele).
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Anxiety and depression

The HADS, a well-validated screen for depression

and anxiety in general population samples (Bjelland

et al. 2002), was included in the questionnaire. The

HADS comprises 14 questions with four response

categories (scored 0–3) ; the scale can be subdivided

into seven items measuring symptoms of depression

and seven measuring anxiety. A cut-off value o8 was

set to define clinical caseness of both anxiety and

depression (Bjelland et al. 2002).

Smoking

Smoking status was measured as a categorical variable

and the participants were classified as never smokers,

former smokers or current smokers. Current smokers

were asked how many cigarettes they smoked per

day.

Statistical analysis

To assess the association of current smoking frequency

(range from 0 to 70 cigarettes/day) with anxiety and

depression (indicated by the HADS), we used cubic

splines to prevent restrictions that may be dependent

on the particular choice of categorization of smoking

frequency. Multinomial logistic regression was used

to estimate the association between genotype and

smoking status. Binomial logistic regression analyses

were used to estimate associations of genotype with

the presence of anxiety or depression as indicated by

a HADS scoreo8. Ordinal logistic regression analyses

were used to study associations of genotype with the

single HADS items (0–3).

Potential departure from the Hardy–Weinberg

equilibrium was evaluated using a x2 test. Data were

analysed using Stata 11.0 for Windows (Stata Cor-

poration, USA).

Results

The characteristics of study participants are presented

in Table 1. We found that with increasing number

of 1051730 T alleles, the participants tended to be

slightly younger and to have a lower BMI. Other

characteristics did not vary across variants of the

rs1051730 SNP, and there was no evidence for de-

parture from the Hardy–Weinberg equilibrium

(p value=0.24).

Association of anxiety and depression and smoking

frequency

Both anxiety and depression were strongly and posi-

tively associated with smoking frequency (Fig. 1).

The age- and sex-adjusted prevalence of anxiety

and depression was <15% among non-smokers

and in participants who smoked a few cigarettes

per day, and increasing to >40% among those who

smoked >60 cigarettes/day. With an increasing

number of cigarettes, there was a nearly linear increase

in the prevalence of both anxiety and depression.

Table 1. Characteristics of study participants by number of rs1051730 SNP variants

na

No. of effect alleles rs1051730

p valueb0 1 2

HADS Depression score 8–21 (%) 6011 10.8 11.3 10.9 0.21

HADS Anxiety score 8–21 (%) 8362 15.0 16.0 16.2 <0.01

Age (years), mean 56 664 50.0 49.9 49.5 0.07

Women (%) 29 643 52.1 52.4 52.8 0.55

Not married/cohabitant (%) 14 922 26.3 26.3 27.1 0.40

Education (%)

Primary/lower secondary 19 759 36.2 37.1 36.7

Upper secondary 23 514 43.8 43.5 43.2

College/university 10 653 20.0 19.4 20.0 0.22

Not paid work/self-employed (%) 21 335 37.6 37.8 37.4 0.84

Body mass index (kg/m2), mean 56 288 26.4 26.3 26.3 0.02

Times alcohol per month, mean 47 022 2.5 2.5 2.4 0.29

Intensive physical activity <1 h/week (%) 36 929 72.7 73.0 73.4 0.53

Total (%) 56 664 44.4 44.3 11.3

SNP, Single nucleotide polymorphism; HADS, Hospital Anxiety and Depression Scale.
a Total n varies from 47 022 to 56 664 due to missing data.
b x2 for categorical variables and t test for linear associations according to number of effect alleles.
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Association between the rs1051730 SNP variant and

smoking status

Supplementary Table S1 (available online) gives the

prevalence of never smokers, former smokers and

current smokers according to the number of T alleles.

Table 2 shows the results from a multinomial re-

gression model with the rs1051730 SNP as the ex-

posure variable and three categories of smoking status

(never, former, current) as the outcome variable. The

genetic variant was associated with current smoking

[odds ratio (OR) 1.08, 95% confidence interval (CI)

1.05–1.12] relative to never smoking but there was

no clear association with former smoking (OR 0.98,

95% CI 0.95–1.01) relative to never smoking. In current

smokers (Table 3), we also found that each additional

rs1051730 T allele was associated with an increase in

the number of cigarettes smoked per day. In another

analysis, we used a binomial logistic regression model

with the rs1051730 SNP as the exposure variable and

two categories of smoking status (never versus former

or current) as the outcome variable. In keeping with

the OR pattern in Table 2, the genetic variant was

modestly associated with ever smoking (OR 1.04, 95%

CI 1.01–1.06).

Association between the rs1051730 SNP variant and

anxiety and depression

Table 4 shows the association of the rs1051730 geno-

type with prevalent anxiety and depression. Overall,

for each additional T allele there was a 6% higher

odds of anxiety (OR 1.06, 95% CI 1.02–1.09, p=0.002).

In contrast to the a priori hypothesis, however, the

association was weaker in current smokers (OR 1.03,

95% CI 0.97–1.09, p=0.34) than in never smokers (OR

1.06, 95% CI 1.00–1.12, p=0.03) and former smokers

(OR 1.07, 95% CI 0.99–1.14, p=0.08). Conditioning on

ever smokers (former and current smokers), the

number of T alleles was positively associated with

the prevalence of anxiety (OR 1.05, 95% CI 1.01–1.10,

p=0.03) (data not shown).

With regard to the prevalence of depression, we

found no association with the rs1051730 genotype,

both overall and stratified by smoking status.

There was no support for statistical interactions be-

tween the polymorphism and smoking on anxiety

(p=0.67) or on depression (p=0.93). We also ana-

lysed anxiety and depression as indicated by the

HADS score (as continuous variables), but the re-

sults were not substantially different (Supplementary

Table S2).

Table 5 summarizes the associations of the

effect alleles with each of the 14 items in the HADS

questionnaire. Overall and stratified by smoking

status, the weak associations with anxiety items

were generally stronger than for the depression

items. Among current smokers, however, there was

no clear association of the rs1051730 polymorphism
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Fig. 1. Age- and sex-adjusted anxiety and depression prevalence and 95% confidence intervals (grey) according to number of

cigarettes smoked per day. Based on the results from a logistic regression analysis.

Table 2. Association between the rs1051730 SNP variant and

smoking status. Multinomial logistic regression analysis

Former smoker Current smoker

OR 95% CI p value OR 95% CI p value

Per allele 0.98 0.95–1.01 0.163 1.08 1.05–1.12 <0.001

SNP, Single nucleotide polymorphism; OR, odds ratio ; CI,

confidence interval.
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with any of the individual items in the HADS

questionnaire.

Discussion

In this large population study, smoking was strongly

and positively associated with the prevalence of

both anxiety and depression. Similarly, the genetic

instrument for smoking was strongly related to whe-

ther or not an individual smoked and the number of

cigarettes smoked per day. If smoking caused anxiety

or depression we would expect an association of the

polymorphism only among smokers because the gen-

etic variant cannot influence the amount of tobacco

exposure in never smokers ; however, we found no

such association. Although there was a weak positive

association of the genetic instrument with anxiety,

the finding was limited to never and former smokers.

With regard to depression, the genetic instrument

showed no association, suggesting that smoking cau-

ses neither anxiety nor depression. Thus, the alterna-

tive hypothesis, suggesting that people with anxiety

or depression may use smoking as a form of self-

medication, seems more plausible.

There is evidence that the smoking-related

rs1051730 polymorphism is associated with heavier

smoking among smokers and those with a reduced

ability to quit smoking (Berrettini et al. 2008 ;

Thorgeirsson et al. 2008, 2010 ; Caporaso et al. 2009 ;

Freathy et al. 2011 ; Lewis et al. 2011), and our results

are in line with this. In addition, we found that the

rs1051730 T allele was associated with ever smoking,

which may suggest that the genetic variant could be

associated with smoking initiation. However, as the

finding was restricted to current smokers, it seems

more likely that the finding suggests that quitting

smoking is more difficult for those carrying this gen-

etic variant.

The results of previous prospective studies have

suggested that smokers may be at increased risk of

depression (Klungsøyr et al. 2006 ; Munafò et al. 2008 ;

Pasco et al. 2008 ; Boden et al. 2010), but only one pre-

vious study has investigated the effect of the smoking-

related rs1051730 polymorphism on mental health

outcomes (Lewis et al. 2011). In that study, the

rs1051730 T allele was associated with a reduced

tendency to depressed mood in pregnancy, but

the finding was limited to women who were smokers

prior to pregnancy and there was no association in

women who reported smoking during pregnancy.

We found that the prevalence of anxiety was posi-

tively associated with the number of T alleles among

Table 3. Daily number of cigarettes in current smokers according to rs1051730 SNP

variant

No. alleles

Mean number of

cigarettes smoked

per day (current smokers) 95% CI p valuea

0 10.71 10.58–10.85

1 11.38 11.25–11.51

2 12.06 11.81–12.31 <0.001

SNP, Single nucleotide polymorphism; CI, confidence interval.
a T test for linear associations according to number of effect alleles.

Table 4. Association between the rs1051730 SNP variant and caseness of anxiety and depression. Logistic regression analysis of all study

participants and stratified on smoking status

All Never smoker Former smoker Current smoker

OR 95% CI p value OR 95% CI p value OR 95% CI p value OR 95% CI p value

Anxiety

Per allele effect 1.06 1.02–1.09 0.002 1.06 1.00–1.12 0.025 1.07 0.99–1.14 0.076 1.03 0.97–1.09 0.337

Depression

Per allele effect 1.02 0.98–1.06 0.312 1.01 0.94–1.08 0.800 1.03 0.95–1.11 0.484 1.02 0.95–1.09 0.616

SNP, Single nucleotide polymorphism; OR, odds ratio ; CI, confidence interval.
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Table 5. Association between the rs1051730 SNP variant and each item of the anxiety and depression scale. Ordered logistic regression analysis of all study participants and stratified on

smoking status

Anxiety and depression items

All Never smoker Former smoker Current smoker

ORa 95% CI p value OR 95% CI p value OR 95% CI p value OR 95% CI p value

Anxiety items

I get a sort of frightened feeling like ‘butterflies ’ in the stomach 1.03 1.00–1.05 0.042 1.04 1.00–1.08 0.032 1.02 0.97–1.07 0.438 1.00 0.96–1.04 0.912

I feel restless as if I have to be on the move 1.02 0.99–1.04 0.130 1.03 0.99–1.06 0.186 1.01 0.97–1.06 0.577 1.00 0.96–1.05 0.895

I get sudden feelings of panic 1.02 0.99–1.04 0.245 1.02 0.98–1.06 0.436 1.01 0.95–1.06 0.855 1.01 0.96–1.06 0.699

I get a sort of frightened feeling as if something awful is about to happen 1.01 0.99–1.04 0.294 1.01 0.97–1.05 0.697 1.03 0.98–1.08 0.316 1.00 0.96–1.05 0.990

I can sit at ease and feel relaxed 1.01 0.99–1.04 0.294 1.01 0.98–1.05 0.513 1.02 0.97–1.07 0.402 1.00 0.96–1.04 0.984

In the last two weeks, have you felt nervous and restless ? 1.02 0.99–1.04 0.305 1.00 0.96–1.04 0.961 1.05 0.99–1.12 0.079 0.99 0.95–1.04 0.742

Worrying thoughts go through my mind 1.01 0.99–1.04 0.330 1.00 0.96–1.04 0.935 1.04 0.99–1.09 0.154 1.00 0.96–1.04 0.970

Depression items

I can enjoy a good book or radio or TV programme 0.98 0.95–1.00 0.056 0.97 0.94–1.01 0.186 0.98 0.93–1.03 0.341 0.98 0.94–1.02 0.318

I feel cheerful 1.02 1.00–1.05 0.107 1.02 0.98–1.06 0.258 1.05 1.00–1.10 0.062 0.99 0.95–1.04 0.756

I feel as if I’m slowed down 1.01 0.99–1.04 0.312 1.00 0.96–1.04 0.915 1.02 0.97–1.07 0.480 1.02 0.98–1.06 0.377

I can laugh and see the funny side of things 1.01 0.98–1.04 0.495 1.01 0.97–1.06 0.585 1.03 0.98–1.09 0.279 0.99 0.94–1.04 0.598

I have lost interest in my appearance 1.00 0.97–1.02 0.779 0.99 0.96–1.03 0.785 1.01 0.96–1.06 0.837 0.98 0.94–1.02 0.361

I look forward with enjoyment to things 1.00 0.98–1.03 0.828 1.00 0.96–1.04 0.981 0.99 0.94–1.04 0.685 1.01 0.97–1.06 0.693

I still enjoy the things I used to enjoy 1.00 0.97–1.03 0.962 0.99 0.95–1.02 0.445 1.04 0.99–1.09 0.113 0.98 0.94–1.02 0.353

SNP, Single nucleotide polymorphism; OR, odds ratio ; CI, confidence interval.
a Odds ratio of increasing one step on the 0–3 scale per effect allele.
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non-smokers. This finding may indicate an indepen-

dent association of this genotype or the biological

pathways that the genotype influences in the aetiology

of anxiety.

It is a fundamental assumption in a Mendelian

randomization analysis that the genotype should

influence the outcome only through the exposure of

interest (Davey Smith & Ebrahim, 2004). We cannot

exclude the possibility that the genetic variant that

we used may have other, pleiotropic effects, or that

the variant is in linkage with other variants that

may influence the outcome. Thus, the moderate posi-

tive association with anxiety that we observed among

non-smokers may suggest that the polymorphism

has effects other than reflecting smoking dependency

or smoking style. Therefore, our findings require rep-

lication in other population studies.

Strengths and limitations

Our study was based on genotyping of nearly 54 000

people and included assessments of anxiety and

depression using a validated questionnaire (Bjelland

et al. 2002). Longitudinal assessments using a struc-

tured psychiatric diagnostic interview would have

given more reliable diagnostic information than that

obtained from the 14-item HADS questionnaire, but

such an approach would not be feasible in a study of

this size. There is also a considerable overlap between

symptoms of anxiety and depression, and separate

effects of smoking should therefore be interpreted

with caution (Shorter & Tyrer, 2003). The information

on smoking was self-reported and not biochemically

verified, but showed a clear linear association with

the prevalence of both anxiety and depression in our

data.

In line with the random assortment of genetic var-

iants at conception, sex, marital status, education,

working status, alcohol use and physical activity

did not vary across variants of the rs1051730 SNP.

However, with increasing number of the 1051730 T

alleles, the participants tended to be slightly younger

and to have a lower BMI. Lower BMI among those

with the genetic variant is expected as smoking is in-

versely associated with BMI (Freathy et al. 2011), and

the younger age may be a consequence of the higher

mortality among smokers.

Conclusions

The results of this study do not support the hypothesis

that smoking is a cause of anxiety and depression.

Instead, the positive association of smoking with an-

xiety and depression that has been reported in many

studies, and confirmed by us, may be a consequence of

anxiety and depression rather than being a cause of

these conditions.

Although our findings may suggest that smoking

could serve as a form of self-medication among

people with mental symptoms, the contribution of

smoking to poor physical health also applies to people

with anxiety or depression, and smoking cessation is

equally important for people with mental problems as

it is for others.

Supplementary material

For supplementary material accompanying this paper

visit http://dx.doi.org/10.1017/S0033291712001274.
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