





NTR

Participants were registered with the Netherlands Twin Register (NTR). Longitudinal survey
collection in twins and their parents started in 1991. Participants were invited about every 3 years to
complete a survey containing questions about health, lifestyle, personality and psychopathology
[69]. The data used in the present study derived from the 8" wave of survey collection, collected
between 2009 and 2011. All NTR participants (twins and their family members) aged 18 years and
older were invited to complete the survey. The NTR study was approved by the Central Ethics
Committee on Research Involving Human Subjects of the VU University Medical Center, Amsterdam
(IRB number IRB-2991 under Federalwide Assurance 3703; IRB/institute code 03-180), and all
subjects provided written informed consent.

Genotyping

Genotyping at the rs16969968 locus was performed on different platforms from blood and/or buccal
samples. Further details regarding DNA collection, genotyping, imputation and quality control checks
in the NTR can be found elsewhere [70 71].

Whole blood and/or buccal DNA samples were collected as part of a large biobank project or other
NTR projects [69 72]. DNA samples were genotyped in different projects and genotyping was
performed on Affymetrix 6.0 (N=298), Affymetrix Perlegen 5.0 (N=3,697), lllumina 370 (N=290),
Ilumina 660 (N=1439), and Illumina Omni Express 1M (N=455) platforms. Calls were made with
platform specific software (Genotyper, Beadstudio). The quality control thresholds for SNPs were
MAF > 1%, HWE > 0.00001, call rate >95% and 0.30 <Heterozygosity <0.35. Samples were excluded
from the data if their expected sex and IBD status did not match, or if the genotype missing rate was
>10%. SNPs were aligned to the positive strand of the Hapmap-2-Build 36-release-24 CEU reference
set. Alignment was checked using individuals and family members tested on multiple platforms.
SNPs were excluded if allele frequencies differed more than 15% with the reference set and/or the
other platforms. The data of the platforms were merged into a single dataset (N=5,856). This merged
set was imputed against the reference set using IMPUTE v2. After imputation, genotype dosage was
calculated if the highest genotype probability was above 90%. Badly imputed SNPs were removed
based on HWE < 0.00001, proper info < 0.40, MAF < 1%, allele frequency difference >.15 against
reference.

Depression and anxiety

The 8" NTR survey include the ASEBA Adult Self Report (ASR) questionnaire. Individuals with ASR T-
scores 2 65 on the DSM-orientated depression scale were categorized as depressed, individuals with
T-scores 2 65 on the the DSM-orientated anxiety scale were categorized as anxious (case definition
1)[73]. Furthermore, individuals were classified as having psychological distress if they met case
definition 1 for either depression or anxiety. For case definition 2, individuals with scores on the ASR
depression or anxiety scales above the 90th percentile were classified as depressed or anxious, and
as psychologically distressed if they were above the 90th percentile on either the depression or
anxiety scales.
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Smoking status

Data on smoking behaviour were collected at the same time as the ASR, in survey 8 (2009) of the
longitudinal survey study of the NTR. Subjects were asked whether they (ever) smoked and current
smokers were asked how many cigarettes per day they smoked (continuous measure). Daily
cigarette smokers were selected for all analyses, subjects who only smoked pipe or cigar smokers
were excluded.

In the current analyses, we included 3,048 unrelated participants with genotypes at the rs16969968
locus for whom data on depression, anxiety and smoking were available.
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Patch 2

The Patch 2 Study was the 8 year follow up to a pharmacogenetic study of smoking cessation with
the nicotine transdermal patch. In the initial study, which took place between July 1999 and July
2000, 752 patients were recruited from general practice surgeries in Oxfordshire, UK [74]. In 2002,
study participants were re-contacted and invited by letter to participate in a follow-up study to
investigate relationships between genotype, personality and smoking behavior [75]. Ethical approval
was obtained from the Anglia and Oxford Multicentre Research Ethics Committee and from the Local
Research Ethics Committees covering the areas of residence of the patients.

Genotyping methods

Blood samples were collected at the 8 year follow up. DNA was extracted from plasma and buffy
coat lymphocytes which were stored at —80°C until required for analysis. Genotyping of rs1051730
was performed has been described previously by primer extension and MALDI-TOF—based allele
detection (Sequenom, San Diego, CA). Full genotyping methods have been described previously [76].

Depression

Depression was assessed using an adapted version of the depression section of the Structured
Clinical Interview for DSM-III-R diagnosis (31), which was administered by self-report questionnaire.
From this, a diagnosis of lifetime depression was obtained.

Smoking status

Smoking status was obtained by self-report at the time of depression assessment. As this population
was recruited originally on the basis of being a current smoker, Patch 2 participants were either
current or former smokers at the time of depression assessment.

In the current analyses, we included 232 participants with rs1051730 genotype, depression and
smoking data available.
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Rotterdam

The Rotterdam Study is an ongoing population-based cohort study of the elderly that started in 1990
and studies the incidence and determinants of chronic diseases in late life [77]. The Medical Ethics
Committee of Erasmus Medical Center Rotterdam approved the study and a written informed
consent was obtained from all participants .Every 3 to 4 years, all participants undergo an extensive
home interview and a physical examination at the research center. In addition, all participants are
continuously monitored for the occurrence of all major events during follow-up by linkage of the
study database with medical files from general practitioners.

Genotyping methods

DNA was isolated from whole blood by manual salting-out protocol and was subsequently stored in
Eppendorff tubes at -20 °C. DNA sample storage is in Matrix 2D-barcode tubes in 96 well
format. Genotyping was based on 550 and 610 K lllumina arrays.

Depression and anxiety

Assessments for both depressive symptoms and anxiety disorders were performed in 2002-2004.
Depressive symptoms were assessed using the validated Dutch version of the Center for
Epidemiology Depression Scale (CES-D). A score of 16 or higher was considered suggestive of
depressive symptoms [45]. An adapted version of the Munich version of the Composite International
Diagnostic Interview (M-CIDI) [78]was administered to assess 1-year prevalence of the following
anxiety disorders according to the DSM-IV-TR criteria [79]: generalized anxiety disorder, panic
disorder, agoraphobia, social phobia, and specific phobia. For analysis, participants were categorized
into two groups on basis of being free of any anxiety disorder or having at least one of the above
mentioned anxiety disorders.

Smoking status

Information on smoking behaviour was obtained at the same time as depression and anxiety
assessment using a computerized questionnaire during the home visit. Participants were classified as
current smokers, former smokers, or never smokers. Current smokers were participants who
answered yes to the question: "are you currently smoking?" Former smokers were participants who
answered no to this question but who positively answered the question: "are you a former smoker?"
Both current and former smokers answered additional questions on smoking habits (cigarettes,
pipes, or cigars), amount of smoking, duration of smoking, and on age of starting and of stopping, if
applicable. Exclusive pipe and cigar smokers were excluded from all analyses (very few in number).

In the current analyses, we included 6,520 participants with rs1051730 genotype, depression and
smoking data available.
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SYS-P

The Saguenay Youth Study (www.saguenay-youth-study.org) is a cross-sectional study investigating

associations between prenatal exposure to maternal cigarette smoking and brain & behaviour and
cardiovascular & metabolic health during adolescence [80]. Adolescents and their biological parents
are recruited from a region with a known founder effect, namely the Saguenay Lac-Saint-Jean region
of Quebec, Canada. Both the maternal and paternal grandparents of the adolescents are of French-
Canadian ancestry born in the region; as such, all participants are of a single ethnicity.

We have acquired parental DNA and genotypes, and asked the parents — at the time of the
adolescent recruitment - to fill out a number of questionnaires about themselves (e.g., mental
health, substance use, employment, education). In the current meta-analysis, only data from the
parents were included. The Research Ethics Committee of the Chicoutimi Hospital in Quebec,
Canada approved the study protocol.

Genotyping

Genotyping of rs1051730 in the SYS-P parents was conducted at the Genome Analysis Centre of
Helmholtz Zentrum Munchen (Munich, Germany) using the lllumina HumanOmniExpress BeadChip.
Full details of the genotyping methods have been published previously [81].

Depression and anxiety

Participants completed a self-report questionnaire, developed for SYS by J. Séguin (Groupe de
Recherche sur I'lnadaptation Psychosociale), consisted of the 12-item version of the Centre for
Epidemiologic Studies Depression Scale (CES-D) [82]. Responses were on a 4-point scale (ranging
from 1-4) with a total range of 12-48. For case definition 1, individuals scoring >24 were classified as
depressed, which is equivalent to a previously used cut point on the 12 item version [82].

Within the same questionnaire, anxiety was assessed using a 10-item self-report question
instrument, which covers each of the main DSM anxiety disorders. In a preliminary study, the inter-
correlations between theoretically related pairs of DSM anxiety items were consistent (Séguin,
Personal Communications). Participants were considered anxious according to case definition 1 if
they scored either a 4 or a 5 (in a scale between 1-5) in at least two of the questions.

Smoking status

Women were asked about their current cigarette smoking status and daily number of cigarettes
smoked in a telephone interview administered during recruitment of the families. The depression
and anxiety measures were administered after the recruitment. Men were asked about their current
cigarette smoking status and daily number of cigarettes smoked in the same self-report
guestionnaire developed for SYS-P by J. Séguin. This was questionnaire was administered at the
same time as the depression and anxiety measures. Number of cigarettes per day was a continuous
variable. Exclusive pipe or cigar smokers were excluded from all analyses.
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Statistical analysis

As the SYS-P sample contains spouse pairs, possible clustering in the analysis was adjusted for by
using robust standard errors. This was carried out using the “gee” package in R.

In the current analyses, we included 884 participants with rs1051730 genotype, depression, anxiety
and smoking data available.
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Whitehall 11

Whitehall Il recruitment of 10,308 participants (70% men) between 1985 and 1988 involved 20
London based Civil service departments [83]. Genetic samples were collected in 2004 from over
6,000 participants. The study is highly phenotyped for cardiovascular and other ageing related health
outcomes, with 9 phases of follow up (5 with clinical assessment and biological sampling), over 20
years of follow up. A wide variety of health behaviour and environmental data are also collected and
the participants are consented for linkage to recorded clinical data such as Hospital Episode Statistics
(HES), the Office of National Statistics mortality data and the national registry of acute coronary
syndromes in England and Wales (Myocardial Ischaemia National Audit Project).Ethical approval for
the Whitehall Il study was obtained from the University College London Medical School committee
on the ethics of human research. Informed consent was gained from every participant.

Genotyping
Genotyping of rs16969968 was performed as part of genotyping using the Metabochip [84].
Depression and anxiety

At the first phase of the Whitehall Il study, participants completed the 30 item General Health
Questionnaire (GHQ-30) which has been validated as a screening tool for common mental health
disorders [17]. Respondents say how often they have experienced a symptom or behaviour in the
past few weeks on a four point scoring system compared to usual (more than usual, same as usual,
less than usual, much less than usual)[18].

The GHQ was used as a measure of psychological distress within this study. For binary outcomes, the
GHQ was scored using the conventional scoring system which allocates 0,0,1,1 to the four response
categories. The maximum score is 30 and high scores represent greater levels of mood disorder. We
used a cut off of 5 or above to indicate psychological distress (for case definition 1); this cut point is
commonly used in the literature [18 19 85]. When assessing the GHQ-30 as a continuous measure,
we used the Likert scoring method to allow greater variation across the sample. The Likert method
allocates scores of 0,1,2,3 to the responses, with a maximum score of 90 [17].

Smoking status

Information on smoking status was collected by questionnaire during the first phase of data
collection. Individuals who reported smoking cigars or pipes but not cigarettes were excluded from
all analyses. Cigarettes per day was recorded as a continuous variable.

In the current analyses, we included 2,844 participants with rs16969968 genotype and psychological
distress data available.
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Supplementary Table S1 case definitions for depression, anxiety and psychological distress in the CARTA studies

Cohort Analysis Scale Diagnostic Scale Case definition 1 Case definition 2
criteria Range
1958BC Psychological CIS-R N/A N/A >90™ percentile of
distress depression OR anxiety
Depression CIS-R N/A 0-21 N/A >90" percentile of CIS-R
depression symptom
score
Anxiety CIS-R N/A 0-4 N/A >90™ percentile of CIS-R
anxiety symptom score
ALSPAC Psychological CIS-R ICD-10 Depression OR anxiety as >90™" percentile of
children distress characterised below depression OR anxiety
Depression CIS-R ICD-10 0-21 Mild or moderate or >90™" percentile of CIS-R
severe depressive depression symptom
episode score
Anxiety CIS-R ICD-10 0-8 Primary or secondary >90" percentile of CIS-R
diagnosis of anxiety anxiety symptom score
ALSPAC Psychological EPDS/ CCEI N/A N/A >13 on EPDS OR >90™ percentile of EPDS
mothers distress 29 on CCEIl or CCEl
Depression EPDS N/A 0-30 >13 on EPDS >90™ percentile of EPDS
Anxiety CCEl N/A 0-16 >9 on CCEIl >90"™ percentile of CCEI
BRHS Psychological N/A N/A N/A N/A N/A
distress
Depression Doctor N/A N/A Yes to doctor diagnosis N/A
Diagnosis
(lifetime)
Anxiety N/A N/A N/A N/A N/A
BWHHS Psychological N/A N/A N/A N/A N/A
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distress

Depression Doctor N/A N/A Yes to doctor diagnosis N/A
Diagnosis
(lifetime)
Anxiety N/A N/A N/A N/A N/A
CaPs Psychological GHQ-30 N/A 0-30 Overall GHQ-30 score >90"™ percentile of GHQ-
distress 25 (conventional scoring) | (conventional scoring)
Depression N/A N/A N/A N/A N/A
Anxiety STAI (trait scale) | N/A 20-80 No established cut off >90™ percentile of STAI
CHDS Psychological CIDI DSM-IV N/A Depression OR anxiety as | N/A
distress characterised below
Depression CIDI DSM-IV N/A Major depression in past | N/A
12 months
Anxiety CIDI DSM-IV N/A Anxiety disorder (GAD, N/A
panic disorder,
agoraphobia, social
phobia, specific phobia)
in past 12 months
Colaus Psychological DIGS DSM-IV N/A Depression OR anxiety as | N/A
distress characterised below
Depression DIGS DSM-IV N/A Major depression N/A
Anxiety DIGS DSM-IV N/A Anxiety disorder (GAD, N/A
panic disorder,
agoraphobia, social
phobia, specific phobia)
ELSA Psychological CES-D/Doctor N/A N/A Depression OR anxiety as | N/A
distress diagnosis characterised below
Depression CES-D N/A 0-8 24 on CES-D >90™" percentile of CES-D
(8 item)
Anxiety Doctor N/A N/A Yes to doctor diagnosis N/A
Diagnosis
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(lifetime)

FINRISK Psychological N/A N/A N/A N/A
2002/2007 | distress
Depression Doctor N/A N/A Yes to doctor diagnosis N/A
diagnosis
(previous 12
months)
Anxiety N/A N/A N/A N/A
Generation | Psychological GHQ-28 N/A 0-28 >5 using standard binary | >90" percentile on GHQ-
Scotland distress coding 28
Depression SCIDI-/NP DSM-IV N/A Lifetime diagnosis of N/A
single major depressive
disorder OR multiple
major depressive disorder
Anxiety N/A N/A N/A N/A N/A
GOYA Psychological Sought out N/A N/A Depression OR anxiety as | N/A
females distress doctor characterised below
Depression Sought out N/A N/A Yes to depression N/A
doctor
Anxiety Sought out N/A N/A Yes to anxiety N/A
doctor
HBCS Psychological CES-D/STAI N/A N/A >16 on CES-D or >90" >90™ percentile of the
distress percentile of the STAI CES-D or STAI
Depression CES-D N/A 0-60 >16 on CES-D >90" percentile of CES-D
Anxiety STAI N/A 20-80 No established cut off >90" percentile of STAI
Health Psychological SCL-90-R N/A N/A N/A >90™ percentile on
2006 distress depression subscale OR
anxiety subscale
Depression SCL-90-R N/A Average N/A >90™ percentile on
score from depression subscale
13 items
(0-4)
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Anxiety SCL-90-R N/A Average N/A >90™ percentile on
score from anxiety subscale
10 items
(0-4)
Health Psychological SCL-90-R N/A N/A N/A >90™ percentile on
2008 distress depression subscale OR
anxiety subscale
Depression SCL-90-R N/A Average N/A >90™ percentile on
score from depression subscale
13 items
(0-4)
Anxiety SCL-90-R N/A Average N/A >90™ percentile on
score from anxiety subscale
10 items
(0-4)
HUNT Psychological HADS N/A N/A Depression OR anxiety as | >90™ percentile on
distress characterised below depression subscale OR
anxiety subscale
Depression HADS N/A 0-21 28 on depression >90" percentile on
depression | subscale depression subscale
subscale
Anxiety HADS N/A 0-21 28 on anxiety subscale >90"™ percentile on
anxiety anxiety subscale
subscale
Inter99 Psychological SCL-90-R N/A N/A N/A >90™ percentile on
distress depression subscale OR
anxiety subscale
Depression SCL-90-R N/A Average N/A >90"™ percentile on
score from depression subscale
13 items
(0-4)
Anxiety SCL-90-R N/A Average N/A >90" percentile on
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score from

anxiety subscale

10 items
(0-4)
NFBC 1966 | Psychological SCL-25 N/A N/A Depression OR anxiety as | >90™ percentile on
distress characterised below depression subscale OR
anxiety subscale
Depression SCL-25 N/A Average >1.75 depression >90™" percentile on
score from | subscale depression subscale
13 items
(1-4)
Anxiety SCL-25 N/A Average > 1.75 anxiety subscale >90™" percentile on
score from anxiety subscale
10 items
(1-4)
NFBC 1986 | Psychological YSR N/A Depression OR anxiety as | > 90™ percentile of YSR
distress characterised below depression or anxiety
subscale
Depression YSR N/A (0-14) >84" percentile of > 90" percentile of YSR
Withdrawn | depression subscale depression subscale
/depressed
subscale
(7 items)
Anxiety YSR N/A (0-26) >84" percentile of > 90" percentile of YSR
Anxious/ anxiety subscale anxiety subscale
depressed
subscale
(13 items)
NHANES Psychological N/A N/A N/A N/A N/A
distress
Depression DIS DSM 1lI N/A Lifetime single episode of | N/A
criteria major depression OR

recurrent major
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depression

Anxiety N/A N/A N/A N/A N/A
NSHD Psychological GHQ-28 N/A 0-28 >5 using standard binary | >90" percentile on GHQ-
distress coding 28
Depression N/A N/A N/A N/A N/A
Anxiety N/A N/A N/A N/A N/A
NTR Psychological ASR N/A >90™ percentile on
distress depression subscale OR
anxiety subscale
Depression ASR N/A 0-28 T-scores 265 on >90™ percentile on
depression subscale depression subscale
Anxiety ASR N/A 0-14 T-scores 265 on anxiety >90™ percentile on
subscale anxiety subscale
Patch 2 Psychological N/A N/A N/A N/A N/A
distress
Depression SCIDI DSM-III-R N/A Lifetime episode of major | N/A
criteria depression
Anxiety N/A N/A N/A N/A N/A
Rotterdam | Psychological CES-D/diagnosis | N/A N/A Depression OR anxiety as | N/A
distress characterised below
Depression CES-D (20 item) | N/A 0-60 >16 on CES-D N/A
Anxiety M-CIDI DSM-IV N/A Anxiety disorder (GAD, N/A
panic disorder,
agoraphobia, social
phobia, specific phobia)
SYS-P Psychological CES-D/anxiety N/A N/A Depression OR anxiety as | >90™ percentile on CES-D
distress guestionnaire characterised below OR anxiety
squestionnaire
Depression CES-D (12 item) | N/A 12-48 >24 on CES-D >90™ percentile on CES-D
Anxiety 10 item anxiety | DSM 1-5 >4 on at least 2 items of >90™" percentile on

questionnaire

the anxiety questionnaire

anxiety questionnaire

39



Whitehall
Il

Psychological GHQ-30 N/A 0-30 >5 using standard binary | >90" percentile on GHQ-
distress coding 30

Depression N/A N/A N/A N/A N/A

Anxiety N/A N/A N/A N/A N/A

CIS-R: Computerised interview schedule- revised, EPDS: Edinburgh Post-natal depression Scale, GHQ: General Health Questionnaire, STAI: State Trait Anxiety Inventory,
CIDI: Composite International Diagnostic Interview, DIGS: Diagnostic Interview for Genetic Studies, CES-D: Centre for Epidemiologic Studies Depression, SCIDI/NP:

Structured Clinical Interview for DSM-IV Axis disorders non patient edition, SCL: Symptoms checklist, HADS: Hospital Anxiety and depression scale, YSR: Youth Self Report,

DIS Diagnostic Interview Schedule, ASR: Adult Self Report, SCID: Structured Clinical Interview for DSM-III-R diagnosis, M-CIDI: Munich version of Composite International
Diagnostic Interview. All scales measure current depression and anxiety unless otherwise stated.Clinician diagnosis was assessed by self-reported recall in all studies.
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Supplementary Table S2. Definitions of continuous measures of depression and anxiety in each study

Cohort Analysis Scale Range
1958BC Psychological CIS-R 0-37 Continuous scale of total CIS-R
distress
Depression CIS-R 0-21 Continuous scale of depression symptoms
Anxiety CIS-R 04 Continuous scale of anxiety symptoms
ALSPAC Psychological CIS-R 0-57 Continuous scale of total CIS-R
children distress
Depression CIS-R 0-21 Continuous scale of depression symptoms
Anxiety CIS-R 0-8 Continuous scale of anxiety symptoms
ALSPAC Psychological N/A N/A N/A
mothers distress
Depression EPDS 0-30 EPDS continuous
Anxiety CCEl 0-16 CCEI continuous
CaPsS Psychological GHQ-30 0-90 Continuous of GHQ-30 (Likert scoring)
distress
Depression N/A N/A N/A
Anxiety STAI 20-80 Continuous STAI (trait)
ELSA Psychological N/A N/A N/A
distress
Depression CES-D 0-8 Continuous CES-D
(8 item)
Anxiety N/A N/A N/A
Generation | Psychological GHQ-28 0-84 Continuous GHQ-28 (Likert scoring)
Scotland distress
Depression N/A N/A N/A
Anxiety N/A N/A N/A
HBCS Psychological N/A N/A N/A
distress
Depression CES-D 0-60 Continuous CES-D
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Anxiety STAI 20-80 Continuous STAI (trait)
Health Psychological SCL-90-R 0-4 Continuous sum of depression and anxiety
2006 distress subscales
Depression SCL-90-R 0-4 Continuous depression subscale
Anxiety SCL-90-R 0-4 Continuous anxiety subscale
Health Psychological SCL-90-R 0-4 Continuous sum of depression and anxiety
2008 distress subscales
Depression SCL-90-R 0-4 Continuous depression subscale
Anxiety SCL-90-R 0-4 Continuous anxiety subscale
HUNT Psychological HADS 0-42 Continuous HADS overall
distress
Depression HADS 0-21 Continuous depression subscale
Anxiety HADS 0-21 Continuous anxiety subscale
Inter99 Psychological SCL-90-R 0-4 Continuous sum of depression and anxiety
distress subscales
Depression SCL-90-R 0-4 Continuous depression subscale
Anxiety SCL-90-R 0-4 Continuous anxiety subscale
NFBC 1966 | Psychological SCL-25 1-4 Continuous overall SCL-25
distress
Depression SCL-25 14 Continuous depression subscale
Anxiety SCL-25 1-4 Continuous anxiety subscale
NFBC 1986 | Psychological YSR 0-40 Continuous average of
distress Withdrawn/depressed subscale and
Anxious/depressed subscale
Depression YSR 0-14 Continuous YSR
Withdrawn/depressed subscale
Anxiety YSR 0-26 Continuous YSR
Anxious/ depressed subscale
NSHD Psychological GHQ-28 0-84 Overall GHQ-28 (Likert scoring)

distress
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Depression N/A N/A N/A

Anxiety N/A N/A N/A
NTR Psychological ASR 0-42 Continuous average of depression and

distress anxiety subscales

Depression ASR 0-28 Continuous ASR

Withdrawn/depressed subscale
Anxiety ASR 0-14 Continuous ASR
Anxious/ depressed subscale

Rotterdam | Psychological N/A N/A N/A

distress

Depression CES-D 0-60 Continuous CES-D

Anxiety N/A N/A N/A
SYS-P Psychological N/A N/A N/A

distress

Depression CES-D 12-48 Continuous CES-D

Anxiety Anxiety questionnaire 1-5 Continuous anxiety scale
Whitehall Psychological GHQ-30 0-90 Continuous GHQ-30 (Likert scoring)
Il distress

Depression N/A N/A N/A

Anxiety N/A N/A N/A

CIS-R: Computerised interview schedule- revised, EPDS: Edinburgh Post-natal depression Scale, GHQ: General Health Questionnaire, STAI: State Trait Anxiety Inventory,

CES-D: Centre for Epidemiologic Studies Depression, SCL: Symptoms checklist, HADS: Hospital Anxiety and depression scale, YSR: Youth Self Report, ASR: Adult Self Report.
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Supplementary Table S3. Descriptive statistics of study populations

Psychological distress* Psychological distress’ Depressed* Depressed’ Anxious® Anxious’
Smoking status N % Male Median age (IQR) N % N % N % N % N % N %
1958 BC Never 2,359 50.5 45 242 10.3 164 7.0 152 6.4
Former 1,451 52.0 45 135 9.3 87 6.0 81 5.6
Current 1,223 47.8 45 193 15.8 140 11.5 102 8.3
Total 5,033 50.3 45 570 11.3 391 7.8 335 6.7
ALSPAC Children Never 1,323 48.9 17.7 (17.5,17.8) 151 11.4 159 12.0 69 5.2 92 7.0 114 8.6 105 7.9
Current 320 431 17.8 (17.6,17.9) 73 22.8 81 253 51 15.9 66 20.6 53 16.6 43 13.4
Total 1,643 47.8 17.7 (17.5,17.8) 224 13.6 240 14.6 120 7.3 158 9.6 167 10.2 148 9.0
ALSPAC Mothers Never 2,754 0.0 31.8(28.9,34.8) 379 13.8 294 10.7 258 9.4 197 7.2 309 11.2 230 8.4
Former 1,330 0.0 31.8(28.8,34.8) 238 17.9 181 13.6 157 11.8 125 9.4 197 14.8 144 10.8
Current 1,097 0.0 29.8 (26.8,33) 286 26.1 242 221 196 17.9 168 15.3 242 221 196 17.9
Total 5,181 0.0 31.8(28.8,34.8) 903 17.4 717 13.8 611 11.8 490 9.5 748 14.4 570 11.0
BRHS Never 984 100.0 64.6 (61.4, 69.3) 76 7.7
Former 1,568 100.0 67.0(62.5,71.7) 135 8.6
Current 410 100.0 65.4 (61.3,69.8) 48 11.7
Total 2,962 100.0 66.0 (61.8, 70.8) 259 8.7
BWHHS Never 1,812 0.0 69 (64,73) 285 15.7
Former 1,015 0.0 69 (64,73) 189 18.6
Current 323 0.0 67 (63,72) 76 235
Total 3,150 0.0 68 (64,73) 550 17.5
CaPS Never 248 100.0 55(52,59) 47 19.0 25 10.1 28 11.3
Former 484 100.0 57 (53,61) 88 18.2 35 7.2 41 8.5
Current 381 100.0 56 (53,60) 103 27.0 50 13.1 46 12.1
Total 1,113 100.0 57 (53,60) 238 21.4 110 9.9 115 10.3
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Psychological distress | Psychological distress’ | Depressed* Depressed’ Anxious® Anxious’
Smoking status N % Male Median age (IQR) N % N % N % N % N % N %
CHDS Never 352 47.7 30 56 15.9 37 10.5 31 8.8
Former 164 37.2 30 39 23.8 24 14.6 23 14.0
Current 181 53.6 30 53 29.3 31 17.1 40 221
Total 697 46.8 30 148 21.2 92 13.2 94 13.5
Colaus Never 853 44.6 50 (42.1,57.8) 94 11.0 52 6.1 48 5.6
Former 651 53.8 51 (44.3,59.5) 86 13.2 37 5.7 58 8.9
Current 581 52.3 48.3(41.7,56.6) 90 15.5 39 6.7 57 9.8
Total 2,085 49.6 49.8 (42.5,58.1) 270 13.0 128 6.1 163 7.8
ELSA Never 1,786 335 62 (55,70) 244 13.7 186 10.4 82 4.6
Former 2,561 54.5 64 (56,72) 381 14.9 317 12.4 95 3.7
Current 829 44.8 59 (54,66) 193 23.3 163 19.7 50 6.0
Total 5,176 45.7 62 (55,70) 818 15.8 666 12.9 227 4.4
FINRISK 2002/2007 Never 4,750 353 53 (40,62) 288 6.1
Former 3,412 57.3 52 (41, 62) 257 7.5
Current 2,404 57.3 45 (36,55) 282 11.7
Total 10,566 47.4 51(39,61) 827 7.8
Generation Scotland Never 3,990 37.4 56 (49,62) 852 21.4 345 8.7 533 13.4
Former 2,493 45.1 59 (52,64) 538 21.6 243 9.8 389 15.6
Current 1,002 40.3 52 (45,59) 334 333 167 16.7 302 30.1
Total 7,485 40.4 57 (49,63) 1,724 23.0 755 10.1 1,224 16.4
GOYA females Never 822 0.0 37.7 (35.2,40.8) 61 7.4 47 5.7 20 2.4
Former 115 0.0 37.1(34.1,40.3) 15 13.0 12 10.4 5 4.4
Current 177 0.0 36.4 (34.0, 39.5) 23 13.0 22 12.4 4 2.3
Total 1,114 0.0 37.5(34.9, 40.5) 99 8.9 81 7.3 29 2.6
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Psychological distress | Psychological distress’ | Depressed* Depressed’ Anxious® Anxious’

Smoking status N % Male Median age (IQR) N % N % N % N % N % N %

HBCS Never 642 25.4 61.2 (59.4, 63.7) 134 20.9 100 15.6 110 17.1 69 10.8 61 9.5
Former 488 55.9 61.1(59.3, 63.7) 92 18.9 58 11.9 72 14.8 34 7.0 41 8.4
Current 312 46.2 60.2(59.0, 62.2) 82 26.3 57 18.3 73 23.4 39 12.5 36 115

Total 1,442 40.2 60.9 (59.3, 63.4) 308 21.4 215 14.9 255 17.7 142 9.9 138 9.6

Health 2006 Never 1,242 453 46.7 (37.5,59.0) 131 10.6 98 7.9 86 6.9
Former 942 46.5 53.0 (44.1,61.0) 118 125 78 8.3 88 9.3
Current 574 41.1 49.3 (40.7, 58.0) 90 15.7 70 12.2 64 11.2

Total 2,758 44.8 49.8 (40.3,59.8) 339 12.3 246 8.9 238 8.6

Health 2008 Never 269 47.6 44.0 (38.4,51.8) 26 9.7 21 7.8 15 5.6
Former 209 40.2 49.8 (42.9, 54.6) 26 12.4 22 10.5 21 10.1

Current 107 43.0 47.1(40.4, 53.7) 15 14.0 10 9.4 8 7.5

Total 585 44.1 46.6 (40.4, 53.3) 67 11.5 53 9.1 44 7.5

HUNT Never 23,170 423 46 (32,62) 4,026 17.4 3,249 14.0 2,064 8.9 2,064 8.9 3,000 13.0 2,027 8.8
Former 13,619 59.4 52 (42,66) 2,816 20.7 2,334 17.1 1,612 11.8 1,612 11.8 2,007 14.7 1,355 10.0
Current 16,500 46.3 46 (36,56) 4,043 24.5 3,388 20.5 2,081 12.6 2,081 12.6 3,274 19.8 2,414 14.6
Total 53,289 47.9 47 (36,61) 10,885 20.4 8,971 16.8 5,757 10.8 5,757 10.8 8,281 15.5 5,796 10.9

Inter 99 Never 576 48.4 44.8 (39.7,50.0) 48 8.3 39 6.8 34 5.9
Former 388 53.4 49.7 (40.0,54.7) 44 11.3 33 8.5 32 8.3
Current 529 44.2 44.9 (39.8, 50.0) 100 18.9 75 14.2 68 12.9

Total 1,493 48.2 45.0 (39.8, 50.0) 192 12.9 147 9.9 134 9.0

NFBC1966 Never 1,891 42.7 31 241 12.7 198 10.5 204 10.8 152 8.0 105 5.6 105 5.6
Former 609 453 31 99 16.3 84 13.8 83 13.6 62 10.2 49 8.1 49 8.1
Current 1,419 57.3 31 281 19.8 248 17.5 233 16.4 184 13.0 156 11.0 156 11.0

Total 3,919 48.4 31 621 15.9 530 13.5 520 13.3 398 10.2 310 7.9 310 7.9
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Psychological distress | Psychological distress’ | Depressed* Depressed’ Anxious® Anxious’
Smoking status N % Male Median age (IQR) N % N % N % N % N % N %
NFBC1986 Never 733 49.0 16 182 24.8 107 14.6 130 | 17.7 76 104 | 121 | 165 65 8.9
Current 410 44.4 16 124 30.2 72 17.6 70 171 37 9.0 106 | 25.9 60 14.6
Total 1,143 47.3 16 306 26.8 179 15.7 200 | 17.5 113 9.9 227 | 199 | 125 | 109
NHANES Never 357 46.0° 28 (22,34) 7.3°
Former 119 50.0° 32(27,37) 5.9°
Current 218 53.0° 28(23,34) 9.4
Total 694 49.0° 29 (23,34) 1.7
NSHD Never 1,068 41.7 53 191 17.9 90 8.4
Former 893 58.3 53 163 18.3 81 9.1
Current 615 50.1 53 132 21.5 71 11.5
Total 2,576 49.5 53 486 18.9 242 9.4
NTR Never 1,597 31.3 39 (32,55) 162 10.1 219 13.7 112 7.0 143 9.0 107 6.7 162 | 10.1
Former 982 38.0 55 (44.3,62) 117 11.9 140 14.3 80 8.2 96 9.8 78 7.9 100 | 10.2
Current 469 37.1 48 (35,58) 79 16.8 85 18.1 57 12.2 63 13.4 56 11.9 65 13.9
Total 3,048 34.4 47 (35,59) 358 11.8 444 14.6 249 8.2 302 9.9 241 7.9 327 | 107
Patch 2 Former 100 46.0 53(46,65.5) 36 36.0
Current 132 34.1 54 (47,61) 51 38.7
Total 232 39.2 53.5(47,62) 87 37.5
Rotterdam Never 2,845 30.2 61.8 (56.2,73.2) 423 14.9 275 9.7 233 8.2
Former 2,531 57.4 72.2 (66.7,77.8) 364 14.4 227 9.0 201 7.9
Current 1,144 45.8 62.0 (56.3,70.5) 230 20.1 172 | 15.0 116 | 10.1
Total 6,520 43,5 67.5 (59.9, 75.5) 1017 15.6 674 | 10.3 550 | 8.4
SYS-P Never 250 51.2 43(40,46) 33 13.2 32 12.8 13 5.2 15 6.0 23 9.2 23 9.2
Former 374 48.1 44(41,47) 42 11.2 52 13.9 18 4.8 30 8.0 31 8.3 34 9.1
Current 260 46.9 42 (39, 45.3) 45 17.3 50 19.2 25 9.6 33 12.7 29 11.2 29 11.2
Total 884 48.6 43(40,46) 120 13.6 134 15.2 56 6.3 78 8.8 83 9.4 86 9.4
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Psychological distress’ | Psychological distress’ | Depressed* Depressed’ Anxious® Anxious’
Smoking status N % Male Median age (IQR) N % N % N % N % N % N %
Whitehall Il Never 1,503 73.1 42 (38,49) 403 26.8 148 9.9
Former 930 78.9 44 (39,49) 241 25.9 96 10.3
Current 411 69.8 42 (38,48) 124 30.2 49 11.9
Total 2,844 74.5 43(39,49) 768 27.0 293 10.3

1. Case definition 1
2. Case definition 2.

3. NHANES data are weighted percentages
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Supplementary Table S4. Allele frequencies for rs1051730/rs16969968 in the CARTA

studies
Study Major Minor )
SNP Total homozygotes | Heterozygotes | homozygotes | MAF HWE p-value

1958 BC rs16969968 5,033 2,184 2,233 616 0.34 0.22
ALSPAC Children [ rs1051730 1,643 732 738 173 0.33 0.54
ALSPAC Mothers [ rs1051730 5,181 2,290 2,295 596 0.34 0.58
BRHS rs1051730 2,962 1,350 1,280 332 0.33 0.28
BWHHS rs1051730 3,150 1,385 1,419 346 0.34 0.55
CaPS rs16969968 1,113 515 487 111 0.32 0.84
CHDS rs16969968 697 320 312 65 0.32 0.43
Colaus rs1051730 2,085 879 942 264 0.35 0.63
ELSA rs16969968 5,176 2,355 2,261 560 0.33 0.61
FINRISK

2002/2007 rs16969968 10,566 4,834 4,625 1,107 0.32 0.98
Generation

Scotland rs1051730 7,485 3,346 3,339 800 0.33 0.45
GOYA females rs1051730 1,114 476 526 112 0.34 0.06
HBCS rs1051730 1,442 635 645 162 0.34 0.95
Health 2006 rs1051730 2,758 1,248 1,206 304 0.33 0.64
Health 2008 rs16969968 585 271 255 59 0.32 1.00
HUNT rs1051730 53,289 23,647 23,591 6,051 0.33 0.15
Inter 99 rs1051730 1,493 660 667 166 0.33 0.95
NFBC1966 rs1051730 3,919 1,809 1,692 418 0.32 0.47
NFBC1986 rs1051730 1,143 540 508 95 0.31 0.12
NHANES rs1051730 694 0.38 0.48 0.14> 0.38° -
NSHD rs16969968 2,576 1,189 1,136 251 0.32 0.41
NTR rs16969968 3,048 1,427 1,310 311 0.32 0.68
Patch 2 rs1051730 232 101 95 36 0.36 0.09
Rotterdam rs1051730 6,520 3,044 2,821 655 0.32 0.98
SYS-P rs1051730 884 329 424 131 0.39 0.83
Whitehall Il rs16969968 2,844 1,269 1,270 305 0.33 0.64

MAF: Minor allele frequency, HWE: Hardy Weinberg Equilibrium
1. P-value from chi-square exact test
2. Weighted percentages of genotypes are presented from NHANES as this is survey data

49




Supplementary Figure S1. Age- and sex- adjusted association of smoking status with depression, anxiety and psychological distress (random

effects meta-analysis)

Depression by smoking status

Anxiety by smoking status

Psychological distress by smoking status
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N in figure represents number of current, former and ever smokers. N for never smokers (reference group) by study is as follows: 1958 BC: 2,359, ALSPAC children: 1,323,
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Supplementary Figure S2. Age- and sex- adjusted association of smoking heaviness with depression, anxiety and psychological distress
(random effects meta-analysis)
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Supplementary Figure S3 Age- and sex- adjusted association of rs16969968/rs1051730 with depression, anxiety and psychological distress
(fixed effects meta-analysis)
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Supplementary Figure S4. Association of rs1051730/rs16969968 with continuous scales of depression, anxiety and psychological distress
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SD: standard deviation. Associations from linear regression, adjusted for age and sex. All symptom scales converted to z-scores.
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Supplementary Figure S5 Medication adjusted association of rs1051730/rs16969968 with continuous scales of depression, anxiety and
psychological distress
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symptom scales converted to z-scores.
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Supplementary Figure S6. Age- and sex- adjusted association of rs16969968/rs1051730 with anxiety excluding HUNT (fixed effects meta-
analysis)

MR Depression

Study N ES (95% Cl)
Never N= 32,187
1 2,359 1.054 (0.
ALSPAC Children 1323 0.987
ALSPAC Mothers 2,754 —_— 0.959
BRHS 4 0.865
BWHHS 1812 o e c— 1.138
CHDS 352 T 1.046
CoLaus 53 _—— 0.842
1,786 — 1.070
FINRISK 4,750 —_—— 1.006
Generation Scotland 3,990 —_—— 1.059
GOYA females 822 —_—— 1161
2 ——— 1.183
Health2006 1,242 —f—.— 1137
Health2008 269 T 1.236
Inter99 576 1.463
NFBC1966 1,891 —_—— 1.073
NFBC1986 733 T 0.864
NHANES 357 1.202
1,597 1.008
Rotterdam 2,845 —_—— 0.919
-| 250 0.544
Subtotal (I-squared = 0.0%, p = 0.852) T> 1.029
Former N= 21,502
1 1451 1.325
ALSPAC Mothers 1,330 —_—— 1.004
BRHS 1,568 ————— 1.043 (0.
BWHHS 1,015 —— 0.876 (0.
CHDS 164 0.953
CoLaus 51 0.998
2,561 —— 0.988
FINRISK 3412 —— 0.961
Generation Scotland 2,493 —— 1.01
GOYA females 11? %
—_— ¥
Health2006 942 — e 0.
Health2008 209 0.
Inter99 388 1.1
NFBC1966 609 ] 0.8
NHANES 119 1.6
NTR 982 ——t 0.9;
Patch 2 100 1.2
Rotterdam % 5431 —_— gg
Subtotal (I-squared = 0.0%, p = 0.850) ? 0.9
Current N= 14,121
1958 BC 1,223 —_— 0.962
ALSPAC Children 320 0.846
ALSPAC Mothers 1,097 0.892
BRHS 410 1.309
BWHHS 323 0.781
CHDS 181 1.45
CoLaus 581 0.851
ELSA 829 —_— 1.005
INRISK ,404 —_— 1.003
Generation Scotland 1,002 —_—— 1111
GOYA females 177 1.017
H 2 0.645
Health2006 574 0.
Health2008 0.
Inter99 1.
NFBC1966 1.
NFBC1986 0.
NHANE! 1.
NTR 0.
Patch 2 .
Rotterdam |
S-P 260 0.788
Subtotal (I-squared = 0.1%, p = 0.458) <T 0.978
Ever N= 34,893
1958 BC ,674 —————— 1.119
ALSPAC Mothers 427 —— 0.949
BRHS 978 —_— 1.106
BWHHS ,338 —0_—: 0.858
CHDS 45 1.219
ColLaus 1232 0.923
ELSA ,390 —— 1.007
FINRISK ,816 —_— 0.988
Generation Scotland 3,495 —— 1.053
GOYA females 292 1240
BCS 800 —_— 0.702
Health2006 516 e — 0817
Health2008 16 0.742
Inter99 17 —_—— 1127
NFBC1966 ,028 ———— 1.038
NHANES 37 1.222
NTR 4451 —_—— 0.841
Patch 2 32 1.403
Rotterdam ,675 —— 0.940
-| 34, T — 0.887
Subtotal (I-squared = 14.6%, p = 0.272) T 0.989

Study N

Never N= 20,542

1958 BC 2,359

ALSPAC Children 1,323

ALSPAC Mothers 2754 —_——

CaP! 248

CHDS 352 - —

Colaus 853

LSA 1,786 —_—

GOYA females 822

HBCS 642 _—

Health2006 1242 —_—

Health2008 269

Inter99 576 -—

NFBC1966 1,891 —_—

NFBC1986 733 —_——
1597 ——

Rotterdam 2845 —_——

SYS-P 250

Subtotal (I-squared = 0.0%, p = 0.609) <=

Former N= 13,279

1958 BC 451 —_—

ALSPAC Mothers 1,330 —

CaPs 84

CHDS 164 —_—

Colaus 651 —_—

LSA 2,561 ——

GOYA females 115

HBCS 488 *———————t

Health2006 942 _——

Health2008 209

Inter99 388

NFBC1966 609

NTR 982 —

Rotterdam 2531 —

SYS-P 374
Subtotal (I-squared = 0.0%, p = 0.681)

Current N= 10,013
1958 BC

MR Anxiety

ES (95% CI)

1.063 (0.836, 1.352)
1.150 (0.862, 1.535)
1.040 (0.873, 1.239)
0.999 (0531, 1.878)
1563 (0.919, 2.657)

1318 (0.661, 2.631)
1036 (0.698, 1.537)
1011 (0.722, 1.415)

1.169 (0.871, 1.568)
1276 (0.928, 1.753)
0.924 (0.683, 1.250)
0.891 (0.730, 1.088)
0.873 (0.499, 1.528)
1,053 (0.974, 1.138)

1.117 (0.805, 1.549)
1,025 (0.818, 1.285
1,096 (0675, 1.780)
1.827 (0.900, 3.706)

1,606 (0.438, 5.881)
0.672 (0.398, 1.136)
0.754 (0535, 1.062)
0.783 (0.384, 1.596)
0.838 (0.476, 1.474)
0.848 (0535, 1.344)
0.889 (0.621, 1.272)
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ELSA 829 —T——¢&—> 1.371(0.906, 77)
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Whitehall || 930 ————— 1.071 (0.856, 1.340;
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S-P 634 —_— 1.021 (0.725, 1.438;
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Supplementary Figure S7. Age- and sex- adjusted association of rs16969968/rs1051730 with anxiety using case definition 2 in preference
(fixed effects meta-analysis)
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Supplementary Figure S8. Associations of smoking status with rs1051730/rs16969968 in CARTA

Current vs former smoker

A Ever vs never smoker

Study ES (95% Cl)

1958BC _..._ 0.98 (0.90, 1.06)
ALSPAC children —_— 0.86 (0.72, 1.04)
ALSPAC mothers — 0.97 (0.89, 1.05)
BRHS —— 0.90 (0.81, 1.01)
BWHHS —_— 0.97 (0.87, 1.08)
CaPS ; 0.99 (0.80, 1.22)
CHDS ; 1.06 (0.84, 1.33)
Colaus —f—— 1.06 (0.94, 1.21)
ELSA — 0.93 (0.86, 1.02)
FINRISK — 1.02 (0.96, 1.08)
Generation Scotland —_— 1.00 (0.93, 1.07)
GOYA females , 0.90 (0.73, 1.11)
HBCS —_—— 0.93 (0.80, 1.09)
Health2006 ——— 1.09 (0.97, 1.21)
Health2008 0.98 (0.76, 1.25)
HUNT - 1.04 (1.01, 1.06)
Inter99 ———— 1.04 (0.89, 1.21)
NFBC1966 ——— 1.06 (0.97, 1.17)
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NTR —f— 1.02 (0.92, 1.13)
SYS ; 0.99 (0.80, 1.22)
Whitehall Il —_— | 0.84 (0.75, 0.94)
Overall (I-squared = 33.3%, p = 0.062) 1.01 (0.99, 1.02)

| ;
75 1 15

Study ES (95% ClI)

1958BC — 1.15 (1.03, 1.29)
ALSPAC mothers —T 1.03(0.91, 1.16)
BRHS —_— 0.99 (0.85, 1.17)
BWHHS T 1.13(0.94,1.37)
CaPS e e 1.07 (0.88, 1.31)
CHDS : 1.03(0.73, 1.44)
Colaus - 1.12 (0.95, 1.33)
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FINRISK T 1.05 (0.97, 1.13)
Generation Scotland —_— 0.97 (0.87, 1.09)
GOYA females - 1.21 (0.84, 1.73)
HBCS —_— 1.01(0.82, 1.25)
Health2006 —— 1.06 (0.91, 1.24)
Health2008 - 0.88 (0.62, 1.27)
HUNT == 1.11 (1.07, 1.15)
Inter99 —_— 1.00 (0.82, 1.22)
NFBC1966 —— 1.03(0.89, 1.19)
NSHD o e 1.08 (0.92, 1.26)
NTR o 1.10 (0.93, 1.30)
Patch 2 : 0.87 (0.61, 1.25)
SYS —_— 1.05 (0.84, 1.32)
Whitehall Il —_— 0.98 (0.82, 1.17)
Overall (l-squared = 0.0%, p = 0.619) O 1.08 (1.06, 1.11)

| .
.75 1

Effect sizes presented as odds ratios. Never smokers reference group in A. Former smokers reference group in B. Includes all samples apart from Rotterdam and NHANES as
genotype by smoking status was not available for these samples
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Supplementary Figure S9. Age- and sex- adjusted association of rs16969968/rs1051730 with depression and anxiety excluding lifetime
diagnosis (fixed effects meta-analysis)
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Supplementary Figure S10. Age- and sex- adjusted association of rs16969968/rs1051730 with depression and anxiety restricting to
guestionnaires using clinical criteria or self-reported diagnosis (fixed effects meta-analysis)
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Depression analysis excludes 1958BC, ALSPAC Mothers, ELSA,HBCS, Health2006, Health2008, HUNT, Inter99, NFBC1966, NFBC1966, NTR, Rotterdam, SYS-P.
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