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ABSTRACT
Objectives: To investigate whether associations of
smoking with depression and anxiety are likely to be
causal, using a Mendelian randomisation approach.
Design: Mendelian randomisation meta-analyses
using a genetic variant (rs16969968/rs1051730) as a
proxy for smoking heaviness, and observational meta-
analyses of the associations of smoking status and
smoking heaviness with depression, anxiety and
psychological distress.
Participants: Current, former and never smokers of
European ancestry aged ≥16 years from 25 studies in
the Consortium for Causal Analysis Research in
Tobacco and Alcohol (CARTA).
Primary outcome measures: Binary definitions of
depression, anxiety and psychological distress
assessed by clinical interview, symptom scales or self-
reported recall of clinician diagnosis.
Results: The analytic sample included up to 58 176
never smokers, 37 428 former smokers and 32 028
current smokers (total N=127 632). In observational
analyses, current smokers had 1.85 times greater odds
of depression (95% CI 1.65 to 2.07), 1.71 times greater

odds of anxiety (95% CI 1.54 to 1.90) and 1.69 times
greater odds of psychological distress (95% CI 1.56 to
1.83) than never smokers. Former smokers also had
greater odds of depression, anxiety and psychological
distress than never smokers. There was evidence for

Strengths and limitations of this study

▪ This is the largest Mendelian randomisation
study of the relationship between smoking and
depression and anxiety conducted to date.

▪ By using a genetic variant associated with
smoking heaviness as a proxy for smoking
heaviness, bias from confounding is minimised
and findings not affected by reverse causality.

▪ Measurement of depression and anxiety differed
across studies so we were unable to use a con-
sistent definition.

▪ While results are consistent with no causal asso-
ciation between smoking heaviness and depres-
sion or anxiety, we cannot rule out the
possibility of a small effect.
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positive associations of smoking heaviness with depression, anxiety
and psychological distress (ORs per cigarette per day: 1.03 (95% CI
1.02 to 1.04), 1.03 (95% CI 1.02 to 1.04) and 1.02 (95% CI 1.02 to
1.03) respectively). In Mendelian randomisation analyses, there was
no strong evidence that the minor allele of rs16969968/rs1051730
was associated with depression (OR=1.00, 95% CI 0.95 to 1.05),
anxiety (OR=1.02, 95% CI 0.97 to 1.07) or psychological distress
(OR=1.02, 95% CI 0.98 to 1.06) in current smokers. Results were
similar for former smokers.
Conclusions: Findings from Mendelian randomisation analyses do
not support a causal role of smoking heaviness in the development of
depression and anxiety.

INTRODUCTION
Smoking is highly comorbid with both depression and
anxiety across many different populations.1–9

Furthermore, there is evidence to suggest that tobacco
control interventions may not be as effective in popula-
tions with mental health conditions; for example, recent
trends in the USA suggest that, since 2004, smoking
rates have declined less rapidly in individuals with
anxiety than in the general population.10 Given the pro-
found public health burden of both tobacco-related
disease,11 and depression and anxiety,12 understanding
this relationship is of great importance.
Unfortunately, it is difficult to infer causal links

between smoking and depression and anxiety from obser-
vational data, due to confounding. There may be factors
associated with both smoking and depression and
anxiety, such as other substance use (eg, alcohol), socio-
economic adversity and education which cannot be fully
accounted for in observational studies.13 In addition,
even if a causal association does exist, the direction of the
relationship between smoking and depression and
anxiety is unclear.14 Prospective studies have provided evi-
dence that depressive symptoms are associated with
increased likelihood of smoking initiation,2 7 15–17 while
smoking cessation appears to be associated with a short-
term increase in depressive symptoms during their quit
attempt among a subgroup of smokers, and these indivi-
duals have poor smoking cessation outcomes.18 This evi-
dence is consistent with the popular belief that cigarette
smoking can reduce anxiety and improve mood, particu-
larly among those experiencing anxiety or low mood (the
self-medication hypothesis). However, there is also a
growing body of evidence suggesting that smoking may
contribute to the development of these conditions2 7 19–

21 and that smoking cessation is associated with improve-
ments in mental health, including depression and
anxiety, compared to continued smoking.22

Plausible biological mechanisms through which consti-
tuents of tobacco smoke may cause depression and
anxiety have been described. In animal studies, for
example, there is evidence that nicotine administration
produces dysregulation in the hypothalamic-pituitary-
adrenal system, which leads to hypersecretion of cortisol
and changes in the activity of associated monoamine

neurotransmitters.23 These systems function to regulate
the biological and psychological reactions to stressors.
Similarly, human data have demonstrated elevated corti-
sol levels in smokers compared to non-smokers.24

Constituents of tobacco smoke inhibit the activity of
monoamine oxidase, enzymes that are involved in the
breakdown of monoamines (including dopamine, sero-
tonin and norepinephrine); this effect appears to nor-
malise following smoking cessation.25 Animal studies
also indicate that both drugs of abuse (including nico-
tine) and environmental stressors appear to trigger
changes in midbrain dopaminergic function.26

Consequently, prolonged smoking may act to sensitise
stress response systems, weakening adaptive coping
responses and making smokers more susceptible to emo-
tional distress in response to environmental stressors.
Mendelian randomisation methods allow us to investi-

gate causal relationships in humans by using genetic var-
iants as proxies for exposures of interest. The principle
of Mendelian randomisation relies on the basic (but
approximate) laws of Mendelian genetics (segregation
and independent assortment). When these principles
hold, genetic variants, at a population level, will not be
associated with the confounding factors that generally
distort conventional observational studies.27 28 In add-
ition, as an outcome measure cannot alter the genotype
that an individual is born with, these analyses should not
be biased by reverse causality. A genetic variant, single
nucleotide polymorphism (SNP) number rs16969968, in
the CHRNA5-CHRNA3-CHRNB4 (CHRNA5-A3-B4) nicoti-
nic receptor subunit gene cluster on chromosome 15
has demonstrated robust association with smoking heavi-
ness within smokers.29–32 The rs16969968 variant is func-
tional and leads to an amino acid change (D398N) in
the nicotinic receptor α5 subunit protein.33 The minor
(risk) allele of this variant is associated with an average
increase in smoking amount of one cigarette per day in
smokers, and even more strongly associated with
increases in cotinine (a metabolite of nicotine)
levels.31 34 35 However, given the known role of the
variant in altering receptor function,33 it is likely that
the greater variance explained for cotinine levels is due
to this measure better capturing total tobacco exposure,
and not because the variant directly affects nicotine
metabolism.31 There is also good evidence that the
rs16969968 variant, unlike smoking heaviness, does not
associate with confounding factors that may distort asso-
ciations with health outcomes, for example, socio-
economic status and education level.36 37

The rs16969968 variant (or its proxy rs1051730) has
been used as an instrument for smoking heaviness in
Mendelian randomisation studies to demonstrate that
smoking causally lowers body mass index38 and that
maternal smoking during pregnancy lowers offspring
birth weight39 (see figure 1 for an illustration of the
Mendelian randomisation approach). Using the
rs1051730 variant, two recent studies have applied
Mendelian randomisation to examine the causal
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relationship of smoking with depression and anxiety.37 38

In one large Norwegian population, the rs1051730
variant was not associated with depression or anxiety in
smokers40; in a British cohort, the rs1051730 variant was
associated with decreased depression during pregnancy
in women who smoked prior to pregnancy.41 These find-
ings are not consistent with a causal role of smoking in
increasing depression or anxiety. To test the robustness
of these findings, we performed a Mendelian randomisa-
tion meta-analysis combining data from 25 studies
(n=127 632) in the consortium for Causal Analysis
Research in Tobacco and Alcohol (CARTA).

METHODS
Study populations
We used data on individuals aged ≥16 years and of self-
reported European ancestry from 25 studies from the
CARTA consortium: the 1958 Birth Cohort (1958BC), the
Avon Longitudinal Study of Parents and Children
(ALSPAC, including both mothers and children), the
British Regional Heart Study (BRHS), the British
Women’s Heart and Health Study (BWHHS), the
Caerphilly Prospective Study (CaPS), the Christchurch
Health and Development Study (CHDS), Cohorte
Lausannoise (CoLaus), the English Longitudinal Study of
Ageing (ELSA), the National FINRISK Study (FINRISK),
Generation Scotland: the Scottish Family Health Study
(GS:SFHS), Genomics of Overweight Young Adults
(GOYA) females, the Helsinki Birth Cohort Study
(HBCS), Health2006, Health2008, the second wave of the
Nord-Trøndelag health study (HUNT 2), Inter99, the
Northern Finland Birth Cohorts (NFBC1966 and
NFBC1986), the National Health and Nutrition
Examination Survey (NHANES), the MRC National

Survey of Health and Development (NSHD), the
Netherlands Twin Registry (NTR), Patch 2, the Rotterdam
Study, the Saguenay Youth Study-Parents (SYS-P) and the
Whitehall II study. Further details of these studies are pro-
vided in online supplementary material.

Genotype
Within each study, individuals were genotyped for one of
two SNPs in the CHRNA5-A3-B4 nicotinic receptor subunit
gene cluster, rs16969968 or rs1051730. These SNPs are in
perfect linkage disequilibrium with each other in
Europeans (R2=1.00 in HapMap 3, http://hapmap.ncbi.
nlm.nih.gov/) and therefore represent the same genetic
signal. Where studies had data available for both SNPs, we
used the SNP that was genotyped in the largest number of
individuals. Details of genotyping methods within each
study are provided in online supplementary material.

Measures of depression, anxiety and psychological
distress
Depression and anxiety were assessed by clinical inter-
view, symptom scales or self-reported recall of clinician
diagnosis (see table 1). As some of the scales do not dis-
tinguish between symptoms of depression and anxiety,
we used the term ‘psychological distress’ to refer a com-
posite phenotype.
To compare measures across studies, we created two

case definitions for each of depression, anxiety and psy-
chological distress (see table 2). According to case defin-
ition 1, individuals were classified as depressed or
anxious if they self-reported clinician diagnosis of depres-
sion or anxiety, met clinical criteria for depression
(excluding bereavement where known) or anxiety, or
were above previously published cut points for depression
or anxiety on symptom scales. Individuals were classified
as having psychological distress if they met case definition
1 for depression or anxiety, or if they were above a cut
point on a general scale for psychiatric symptoms. As not
all scale measures used for assessing mental health have
published cut-offs for defining cases, we created a second
definition. According to case definition 2, individuals
were classified as depressed or anxious if they were above
the 90th centile for the specific depression or anxiety
scales, and psychologically distressed if they were above
the 90th centile on either the depression or anxiety scales
or above the 90th centile on the general scales of psychi-
atric symptoms. Where both case definitions 1 and 2 were
available within a study, case definition 1 was used. Full
details of the measures and cut points used are provided
in online supplementary table S1.
For the majority of studies (k=17), diagnoses were

based on current depression and anxiety (at the time of
measurement). Where current diagnoses were not avail-
able, diagnoses of depression or anxiety in the previous
12 months or lifetime diagnoses were used. For lifetime
diagnoses, if information on age at first diagnosis was
collected, individuals reporting diagnoses prior to
16 years of age were excluded.

Figure 1 Diagram of Mendelian randomisation analysis of

smoking and depression/anxiety. The genetic variant

rs16969968/rs1051730 is associated with smoking heaviness

but should not be associated with the confounders of the

association between smoking heaviness and depression/

anxiety. In addition, there is no pathway from depression and

anxiety to the genetic variant (reverse causality).
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Symptom scales were also used as continuous mea-
sures of depression, anxiety and psychological distress
(see online supplementary table S2). To compare across
studies, these were converted to z-scores within each
study. Most measures of depression, anxiety and psycho-
logical distress were strongly right skewed. However,
standard transformations (eg, log, square root) did not
greatly improve distributions in several of the samples.
Therefore, z-scores were constructed using the untrans-
formed data in all samples (z-score=(individual score
−sample mean)/sample SD).

Smoking status
Smoking status was self-reported (either by question-
naire or interview) at the same time as mental health

assessment for all studies, with the exception of 1958BC,
CoLaus and HBCS which used smoking status and
depression/anxiety data collected up to 3 years apart
(see online supplementary material). Individuals were
classified as never, former, current or ever (ie, current
and former combined) cigarette smokers. Where infor-
mation on smoking frequency was available, current
smokers were restricted to individuals smoking at least
one cigarette per day. Where information on pipe and
cigar smoking was available, individuals reporting being
current or former smokers of pipes or cigars but not
cigarettes were excluded from all analyses.
For studies with adolescent populations (ALSPAC chil-

dren and NFBC1986), analyses were restricted to current
daily smokers who reported smoking at least one

Table 1 Measures of depression, anxiety and psychological distress in the CARTA studies

Study Psychological Distress Depression Anxiety

1958BC CIS-R CIS-R CIS-R

ALSPAC children CIS-R CIS-R CIS-R

ALSPAC mothers EPDS or CCEI EPDS CCEI

BRHS Clinician diagnosis (lifetime)

BWHHS Clinician diagnosis (lifetime)

CaPS GHQ-30 STAI

CHDS CIDI (previous 12 months) CIDI (previous 12 months) CIDI (previous 12 months)

CoLaus DIGS DIGS DIGS

ELSA CES-D or clinician diagnosis of

anxiety

CES-D (8-item) Clinician diagnosis (lifetime)

FINRISK Clinician diagnosis (previous

12 months)

Generation

Scotland

GHQ-28 SCIDI/NP (Lifetime diagnosis)

GOYA females Clinician diagnosis (since giving

birth)

Clinician diagnosis (since giving

birth)

Clinician diagnosis (since giving

birth)

HBCS CES-D or STAI CES-D (20 items) STAI

Health2006 SCL-90-R SCL-90-R SCL-90-R

Health2008 SCL-90-R SCL-90-R SCL-90-R

HUNT HADS HADS HADS

Inter99 SCL-90-R SCL-90-R SCL-90-R

NFBC1966 SCL-25 SCL-25 SCL-25

NFBC1986 YSR YSR YSR

NHANES DIS (lifetime diagnosis)

NSHD GHQ-28

NTR ASR ASR ASR

Patch 2 SCID (lifetime diagnosis)

Rotterdam CES-D or M-CIDI CES-D (20 items) M-CIDI

SYS-P CES-D or DSM instrument CES-D (12 items) 10 question DSM-based

instrument

Whitehall II GHQ-30

All scales measure current depression and anxiety unless otherwise stated. Clinician diagnosis was assessed by self-reported recall in all
studies.
ALSPAC, Avon Longitudinal Study of Parents and Children; ASR, Adult Self Report; BC, Birth Cohort; BRHS, British Regional Heart Study;
BWHHS, British Women’s Heart and Health Study; CARTA, Causal Analysis Research in Tobacco and Alcohol; CCEI, Crown–Crisp
Experiential Index; CES-D, Centre for Epidemiologic Studies Depression; CHDS, Christchurch Health and Development Study; CIDI,
Composite International Diagnostic Interview; CIS-R, Computerised interview schedule-revised; CoLaus, Cohorte Lausannoise; DIGS,
Diagnostic Interview for Genetic Studies; DIS, Diagnostic Interview Schedule; ELSA, English Longitudinal Study of Ageing; EPDS, Edinburgh
Postnatal Depression Scale; GHQ, General Health Questionnaire; GOYA, Genomics of Overweight Young Adults; HADS, Hospital Anxiety
and Depression Scale; HBCS, Helsinki Birth Cohort Study M-CIDI, Munich version of CIDI; NHANES, National Health and Nutrition
Examination Survey; NSHD, National Survey of Health and Development; NTR, the Netherlands Twin Registry; SCID, Structured Clinical
Interview for DSM-III-R diagnosis; SCIDI/NP, Structured Clinical Interview for DSM-IV Axis disorders non-patient edition; SCL, symptoms
checklist; STAI, State Trait Anxiety Inventory; YSR, Youth Self Report.
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cigarette per day (current smokers) and individuals who
had never tried smoking (never smokers).
Smoking heaviness in current smokers, measured as

cigarettes smoked per day, was collected in some studies
as a continuous variable and in some studies as a cat-
egorical variable. Further details of the smoking mea-
sures collected within each study are provided in the
online supplementary material.

Statistical analysis
Analyses were conducted within each contributing study
using Stata or R software, following the same analysis
plan. Analyses were restricted to individuals with full
data on depression and anxiety outcomes, smoking
status and rs16969968/rs1051730 genotype.
Sex-adjusted and age-adjusted associations of smoking

status (never, former, current, ever) and smoking heavi-
ness with binary measures of depression, anxiety and
psychological distress were assessed using logistic regres-
sion. For the smoking status analysis, never smokers were
used as the reference group. The smoking heaviness
analysis was restricted to current daily smokers, and ORs
represent differences in odds of the outcome measure
per additional cigarette consumed per day. These ana-
lyses were restricted to studies with continuous measures
of cigarettes per day.
Within each study, genotype frequencies were tested

for deviation from Hardy-Weinberg equilibrium (HWE)
using a χ2 exact test. Mendelian randomisation analyses
of the association between rs16969968/rs1051730 and
binary measures of depression, anxiety and psycho-
logical distress were performed using logistic regression
and adjusted for age and sex. Analyses were performed
stratified by smoking status (never, former, current and
ever), because the variant only influences smoking
heaviness in individuals who smoke. The analysis in
never smokers is a test of a key assumption of Mendelian

randomisation: that the gene only operates on the
outcome through its effects on smoking heaviness
(ie, no pleiotropy). If rs16969968/rs1051730 only oper-
ates on an outcome measure through smoking heavi-
ness, no association should be observed in never
smokers. An additive genetic model was assumed, so
ORs represent the difference in odds of the outcome
per additional copy of the minor (risk) allele. As a sec-
ondary analysis, Mendelian randomisation analyses were
performed of the association of rs16969968/rs1051730
with z-scores of symptoms scales for depression, anxiety
and psychological distress using linear regression strati-
fied by smoking status. These analyses were adjusted for
age and sex and additionally for use of depression or
anxiety medication where available. For studies with a
survey (NHANES) or family-based design (SYS-P),
appropriate methods were used to adjust SEs (see online
supplementary material for further information).
ALSPAC mothers and children were analysed as separate
samples but, as mothers and children were related, sensi-
tivity analyses were performed excluding each one of
these samples.
Results from individual studies were meta-analysed in

Stata (V.11) using the ‘metan’ command. Where there
was evidence of heterogeneity between studies
(I2>50%), both fixed and random effects analyses were
performed. Within the Mendelian randomisation ana-
lyses, the Cochran Q statistic was used to test for interac-
tions between genotype and smoking status on the
outcome measures.
Analyses were also performed stratified by sex because

there is some evidence from observational studies that
the association between smoking and mental health out-
comes may differ by sex.42 43 Sex differences in the asso-
ciation between genotype and outcomes measures were
tested for using meta-regression after taking into
account potential differences by smoking status.

Table 2 Case definitions for depression, anxiety and psychological distress

Case definition 1 Case definition 2

Depression Self-report of clinical diagnosis

OR

Meeting clinical criteria for depression

OR

Scoring above published cut point on specific

depression scale

Scoring >90th centile on specific depression

scale

Anxiety Self-report of clinical diagnosis

OR

Meeting clinical criteria for anxiety disorders

OR

Scoring above published cut point on specific anxiety

scale

Scoring >90th centile on specific anxiety

scale

Psychological

distress

Depression or anxiety as defined above

OR

Scoring above published cut point on general scale for

psychiatric symptoms

Depression or anxiety as defined above

OR

>90th centile on general scale for psychiatric

symptoms
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RESULTS
Descriptive statistics
In total, data on up to 127 632 individuals were available
for analysis, including 58 176 never smokers, 37 428
former smokers and 32 028 current smokers. Overall,
45% of the combined study population was male. The
median age within the contributing studies ranged
between 16 and 68 years. The mean prevalence of
depression, anxiety and psychological distress (using
case definition 1) was 12.5% (range 6.1–37.5%), 10.2%
(range 2.6–19.9%) and 17.4% (range 8.9–27%), respect-
ively. Descriptive statistics for each of the study popula-
tions are provided in the online supplementary table S3.
The minor allele frequency for rs16969968/rs1051730

ranged between 0.31 and 0.39 (see online supplemen-
tary table S4). There was no strong evidence for devi-
ation from HWE in any of the studies (p values all
≥0.06).

Observational analysis
Levels of depression, anxiety and psychological distress
differed by smoking status (see figure 2). In age-adjusted
and sex-adjusted analyses, current smokers had 1.85
times (95% CI 1.65 to 2.07, p<0.001) greater odds of
depression, 1.71 times (95% CI 1.54 to 1.90, p<0.001)
greater odds of anxiety and 1.69 times (95% CI 1.56 to
1.83, p<0.001) greater odds of psychological distress
than never smokers. Former smokers had 1.22 times
(95% CI 1.14 to 1.30, p<0.001) greater odds of depres-
sion, 1.23 times (95% CI 1.12 to 1.36, p<0.001) greater
odds of anxiety and 1.17 times (95% CI 1.11 to 1.25,
p<0.001) greater odds of psychological distress than
never smokers.
Among smokers, smoking heaviness was positively asso-

ciated with levels of depression, anxiety and

psychological distress (figure 3). In age-adjusted and sex-
adjusted analyses, a one cigarette per day increase in
smoking heaviness was associated with a 1.03-fold (95%
CI 1.02 to 1.04, p<0.001) increase in the odds of having
depression, a 1.03-fold (95% CI 1.02 to 1.04, p<0.001)
increase in the odds of having anxiety and a 1.02-fold
(95% CI 1.02 to 1.03, p<0.001) increase in the odds of
having psychological distress.
As there was evidence of between-study heterogeneity

for analyses of both smoking status and smoking heavi-
ness, random effects meta-analyses are presented.
However, results from fixed effects meta-analyses were
similar (data not shown). Individual study estimates for
observational analyses are provided in online supple-
mentary figures S1 and S2.

Mendelian randomisation analysis
There was no clear evidence that rs16969968/rs1051730
was associated with binary measures of depression in
never (OR per minor allele 1.02, 95% CI 0.97 to 1.06,
p=0.47), former (OR 1.00, 95% CI 0.95 to 1.05, p=0.99),
current (OR 1.00, 95% CI 0.95 to 1.05, p>0.99) or ever
(OR 1.01, 95% CI 0.98 to 1.05, p=0.58) smokers (see
figure 3). Similarly, there was no clear evidence that
rs16969968/rs1051730 was associated with binary mea-
sures of anxiety in former (OR 1.02, 95% CI 0.97 to
1.08, p=0.44), current (OR 1.02, 95% CI 0.97 to 1.07,
p=0.42) or ever (OR 1.03, 95% CI 0.99 to 1.07, p=0.16)
smokers. However, in never smokers there was some evi-
dence of a positive association between the minor allele
of rs16969968/rs1051730 and anxiety (OR 1.05, 95% CI
1.01 to 1.10, p=0.03). For psychological distress there was
a similar pattern, with no strong evidence for an associ-
ation between rs16969968/rs1051730 in smokers, but
some evidence of a positive association in never smokers

Figure 2 Age-adjusted and

sex-adjusted association of

smoking status with depression,

anxiety and psychological

distress.
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(OR 1.03, 95% CI 1.00 to 1.07, p=0.09). For all out-
comes, there was no clear statistical evidence for a differ-
ence in the effect of rs16969968/rs1051730 between
never, former and current smokers (p values for hetero-
geneity between never, former and current smokers
from Cochran Q test all >0.57). Individual study esti-
mates for observational analyses are provided in online
supplementary figure S3.
Results were similar for continuous measures of symp-

toms of depression, anxiety and psychological distress
(see online supplementary figures S4 and S5). There
was no clear evidence for associations of rs16969968/
rs1051730 with continuous outcomes in any of the
smoking categories.
Finally, there was no clear evidence for sex differences

in either observational or Mendelian randomisation
analyses for associations between smoking or smoking-
related genotype and depression or anxiety (data avail-
able on request).

DISCUSSION
In the largest Mendelian randomisation study on the
association of smoking with depression and anxiety con-
ducted to date, we found no evidence to suggest that
smoking causes either depression or anxiety. Despite
higher levels of depression, anxiety and psychological
distress in current and former smokers compared to
never smokers, and a positive association between the

number of cigarettes smoked per day and depression
and anxiety, there was no clear evidence for associations
between the CHRNA5-A3-B4 variant and these outcomes
in smokers. If heavier smoking were to cause
depression or anxiety, we would expect to see an
increased risk of depression or anxiety per copy of the
minor allele of rs16969968/rs1051730, which increases
smoking heaviness, in current smokers and potentially
also in former smokers, but no difference in risk for
never smokers. In our meta-analyses, ORs for the effect
of rs16969968/rs1051730 in current, former and ever
smokers were all close to the null, with the CIs for these
estimates all overlapping the null. In addition, we found
no evidence to suggest that the variant was differentially
associated with depression or anxiety according to
smoking status.
Our results are consistent with those of the two previ-

ous Mendelian randomisation studies, which did not
find evidence that smoking increases depression or
anxiety40 or ante-natal depression.41 Both of these
studies were included in this meta-analysis and the
HUNT study made up more than half of the study
sample in some analyses. However, exclusion of either of
these samples did not make a substantial difference to
effect estimates (see online supplementary figures S6
and S7). These findings suggest that previous findings
linking smoking to higher levels of depression and
anxiety2 9 19 44 may be due to residual confounding, a
shared vulnerability to both mental disorders and

Figure 3 Age-adjusted and sex-adjusted observational and Mendelian randomisation analyses of association of smoking

heaviness with depression, anxiety and psychological distress. Observational analysis performed using random effects

meta-analysis and Mendelian randomisation analysis performed using fixed effects meta-analysis. Observational analysis

restricted to current smokers.
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smoking behaviour,45 or reverse causality (eg, if smokers
smoke in an attempt to alleviate the symptoms of depres-
sion or anxiety or depressed smokers find it more diffi-
cult to quit). Numerous longitudinal studies have
reported that depressive symptoms in childhood and
adolescence are associated with increased risk of
smoking initiation or progression to tobacco depend-
ence.2 17 19 46–48 At the same time, smoking cessation
appears to be associated with an acute increase in
depressive symptoms among a subgroup of smokers, and
these individuals have poor smoking cessation out-
comes.18 Taken together, this suggests that people
experiencing depressive symptoms may smoke (or
relapse to smoking) in an attempt to self-medicate these
symptoms. A Mendelian randomisation study of the asso-
ciation of genetic variants for depression and anxiety
with smoking behaviour would be required to investigate
the self-medication hypothesis. However, genetic variants
robustly associated with depression and anxiety have yet
to be identified.49

Some caution should be taken in completely ruling
out an effect of this variant on depression and anxiety
within this analysis. The CIs for the associations of
rs16969968/rs1051730 with depression and anxiety in
current smokers overlap the estimates for the per cigar-
ette per day increase in ORs of depression and anxiety,
so we cannot conclusively say that the Mendelian ran-
domisation analysis results differ from the observational
results (figure 3). This is the most direct comparison
that we can make with observational estimates in our
data, given that the minor allele of rs16969968/
rs1051730 is associated with an average of one cigarette
per day increase in smoking heaviness.34 However, this
comparison may be problematic because cigarettes per
day, a self-reported measure of tobacco exposure, does
not take into account variation in smoking topography,
such as the amount of a cigarette an individual smokes
or the depth of inhalation.50 The CHRNA5-A3-B4 variant
is an instrument for lifetime tobacco exposure within
current smokers, and this is not fully captured by cigar-
ettes per day. It has been shown that rs16969968/
rs1051730 explains more of the variance in an objective
measure of tobacco exposure, cotinine (4%), than in
self-reported cigarettes per day (1%).31 35 This appears
to be why the variant shows a much stronger association
with lung cancer than predicted from the observed asso-
ciations with self-reported cigarettes per day.31 Therefore
if higher levels of smoking did cause depression or
anxiety, we might expect the effects of rs16969968/
rs1051730 to be considerably larger than those seen
observationally per cigarette per day. For the same
reason, we did not perform instrumental variable ana-
lysis to estimate the magnitude of the causal effect of
smoking heaviness on depression or anxiety. It has been
demonstrated that using cigarettes per day as an inter-
mediate variable in Mendelian randomisation analyses
using rs16969968/rs1051730 can lead to large biases in
causal effect size estimates.51

The rs16969968/rs1051730 variant associates with
smoking heaviness within smokers but is not an instru-
ment for smoking status (ever smoking vs never
smoking).29 Therefore we cannot rule out the possibility
that being a smoker, rather than smoking heaviness
could influence likelihood of depression or anxiety.
However, we do see an observational association
between smoking heaviness and depression and anxiety
(figure 3), and a dose-dependent relationship between
an exposure and an outcome strengthens support for a
causal association.52 We might therefore expect to
observe an association between rs16969968/rs1051730
and depression or anxiety if smoking were to cause
these conditions. Furthermore, while rs16969968/
rs1051730 is the strongest genetic contributor to
smoking behaviour identified to date,53 this variant only
explains a fraction of the estimated 50% of total vari-
ation in smoking behaviour within a population at any
one time that is due to genetic factors.54 Further signals
for smoking heaviness have been identified in the same
gene cluster,55 in other nicotinic receptor units and in
other genes, such as those related to nicotine metabol-
ism like CYP2A6.56 Combining these variants in genetic
risk scores for smoking behaviour in Mendelian random-
isation studies will be an important future direction for
validation of these results.
We would not expect to see an effect of rs16969968/

rs1051730 on depression or anxiety in never smokers,
because the variant is not associated with smoking heavi-
ness within these individuals. Thus, this group can be
used to test potential bias due to pleiotropy (that the
gene affects more than one exposure) in Mendelian ran-
domisation analyses.38 We did observe some evidence
for an association between the variant and anxiety in
never smokers, a finding previously reported by the
HUNT study.40 Removal of HUNT from this analysis did
not affect the point estimate, suggesting that this associ-
ation is not driven solely by the data from this study (see
online supplementary figure S6). However, using case
definition 2 (where available) for anxiety in preference
to case definition 1 slightly attenuated this association in
never smokers (see online supplementary figure S8).
While this may be a chance finding, it is possible that
rs16969968/rs1051730 or a variant in linkage disequilib-
rium with this variant, may affect anxiety directly, not
through tobacco consumption. There is some suggestion
from animal studies that nicotinic acetylcholine recep-
tors may play a role in anxiety (eg, mice lacking the α4
subunit show increases in anxiety-related behaviour57).
However, there is currently little evidence for this associ-
ation in humans, and rs16969968/rs1051730 has not
been identified in genome-wide association studies of
depression or anxiety to date.49 58 59

It is important to note that stratifying by the measured
exposure variable in Mendelian randomisation studies
can lead to collider bias.60 61 In this specific analysis, if
both the genetic variant and anxiety cause individuals to
smoke, then stratifying on smoking could, in theory,
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induce an association between the variant and anxiety.13

We do not think that collider bias is likely to be a major
issue in these analyses because rs16969968/rs1051730
does not appear to be associated with smoking initiation
in this sample (see online supplementary figure S9) or in
previous studies.29 30 There is, however, as reported previ-
ously in a few specific populations36 62 63 some evidence
that the minor allele of rs16969968/rs1051730 is asso-
ciated with smoking cessation; ORs of being a current
compared to a former smoker were 1.08-fold higher per
copy of the minor allele (95% CI 1.06 to 1.11) in this
sample.

Strengths and limitations
The key strength of this study is the large sample size,
using data on over 125 000 individuals from 25 different
populations. Despite this, we did not have the power to
rule out the possibility of a causal effect. A substantial
increase in sample size would be required to be confident
that what we observe is a true null association in smokers.
We hope that our estimates may be combined with those
of further studies addressing the same question in future
meta-analyses, to provide more definitive answers.
One of the main limitations is the use of broad defini-

tions of depression and anxiety rather than clinical defi-
nitions, which were not available in all studies. It is
possible that use of more precise phenotypic measures
of depression and anxiety based solely on clinical cri-
teria could yield stronger results because non-differential
misclassification of a binary outcome is likely to attenu-
ate associations towards the null.2 64 However, we showed
the expected observational associations between
smoking and depression, anxiety and psychological dis-
tress. In addition, we used two case definitions and per-
formed a sensitivity analysis using case definition 2 in
preference (where both were available) which produced
similar results (see online supplementary figure S8).
Sensitivity analyses performed excluding lifetime defini-
tions of depression or anxiety also produced similar
results (see online supplementary figure S10). Finally,
restricting our analyses to those studies with question-
naires based on clinical criteria or self-report of doctor
diagnosis produced consistent results, although these
analyses were underpowered (see online supplementary
figure S11).
Although we analysed depression and anxiety separ-

ately, these conditions are highly comorbid in the
general population65 66 and symptom scale question-
naires are not adequate to distinguish between
them.67 68 In addition, the definition of anxiety we used
encompassed general anxiety disorder, panic and
phobias. It is possible that these conditions have differ-
ent aetiologies.9 Therefore, we cannot make inferences
about specific anxiety disorders from these results.
Furthermore, the sample encompasses a wide age range,
so it is unlikely that this analysis would be able to
capture any age-specific effects of smoking on depres-
sion and anxiety.

CONCLUSION
In conclusion, our Mendelian randomisation analyses
do not support a causal role of smoking heaviness
among smokers in the development of depression and
anxiety. While we cannot directly address the question of
whether smoking initiation (ie, starting smoking) plays a
causal role in relation to these outcomes, we expect that
if it did we would also see a dose-dependent relationship
between smoking heaviness and depression and anxiety.
We see such an association in our observational analyses,
but no strong evidence for this in our Mendelian ran-
domisation analyses. Future research should focus on
the possible role of depression and anxiety in increasing
susceptibility to smoking. As larger genome-wide associ-
ation studies of depression and anxiety emerge, it is
likely that genetic variants will be identified that can be
utilised in Mendelian randomisation analyses for this
purpose.
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access committee (Chair: Professor Kay Tee Khaw). More infomation about its
managed access procedure is available on the study website (http://www.bris.
ac.uk/social-community-medicine/people/project/1392). CHDS: Data
contributed for this submission are available on request from the CHDS
( john.horwood@otago.ac.nz). Colaus/PsyCoLaus: Data from the CoLaus/
PsyCoLaus study can be requested according to the procedure described on
the CoLaus website (http://www.colaus.ch/en/cls_home/cls_pro_home/
cls-research-3.htm). ELSA: ELSA data are made available through the ESDS
website (http://www.elsa-project.ac.uk/availableData). FINRISK: Data used for
this submission will be made available on request to the FINRISK
Management Group, according to the given ethical guidelines and Finnish
legislation. Generation Scotland: Data is available on request (access@
generationscotland.org). GOYA females: An anonymized copy of the data used
for this submission will be made available on request to the GOYA analysts
after permission have been given by the DNBC executive committee
(www.dnbc.dk). HBCS: Data used for this submission will be made available
on request to the HBCS executive committee ( johan.eriksson@helsinki.fi).
Health2006/Health2008/Inter99: Data used for this submission can be made
available on request to the Research Centre for Prevention and Health
(http://www.regionh.dk/fcfs/Menu/). Please contact LLNH (lise.lotte.nystrup.
husemoen@regionh.dk) or AL (allan.linneberg@regionh.dk). HUNT: Data used
from the HUNT Study for this submission will be made available on request
to the HUNT Data Access Committee (hunt@medisin.ntnu.no). The HUNT data
access information (http://www.ntnu.edu/hunt/data) describes in detail the
policy regarding data availability. NFBC: Data used for this submission can be
made available on request to Tuula Ylitalo (tuula.ylitalo@oulu.fi), Minna
Mannikko (minna.annikko@oulu.fi) or M-RJ (m.jarvelin@imperial.ac.uk).
NHANES: NHANES data can be accessed here: (http://www.cdc.gov/nchs/
nhanes.htm). The genotype used in this analysis is a restricted variable.
Applications for access to these data must be made through the Research
Data Center: (http://www.cdc.gov/rdc/). NSHD: The NSHD data are made
available to researchers who submit data requests (tomrclha.swiftinfo@ucl.ac.
uk). More information is available in the full policy documents (http://www.
nshd.mrc.ac.uk/data.aspx). Managed access is in place for this study to
ensure that use of the data are within the bounds of consent given previously
by participants, and to safeguard any potential threat to anonymity since the
participants are all born in the same week. NTR: Data used for this
submission will be made available on request to the NTR committee
(ntr@psy.vu.nl). SYS-P: Data used for this submission will be made available
on request to the SYS principal investigators (http://www.

saguenay-youth-study.org) (scientific community/collaborative interests).
Whitehall: Data from the Whitehall II study are made publicly available as
described in the Whitehall II data sharing policy (http://www.ucl.ac.uk/
whitehallII/datasharing).
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1958 British Birth Cohort 

The 1958 British Birth cohort (1958BC) includes all births during one week in March in England, 

Scotland and Wales [1]. Participants in the study have been followed regularly, with information 

collected on a wide-range of factors related to health, lifestyle, growth and development. At age 45 

years, 11,971 participants currently living in Britain were invited to take part in a biomedical survey, 

of whom 9,377 (78%) filled in a questionnaire and 8,302 (89%) also provided a blood sample. The 

1958BC is largely a white European population (98%) and despite some data attrition, it has been 

evaluated to be broadly representative of the surviving cohort [2]. Written consent was obtained 

from participants for the use of information in medical studies. The 45-year biomedical survey and 

genetic studies were approved by the South-East Multi- Centre Research Ethics Committee (ref: 

01/1/44) and the joint UCL/UCLH Committees on the Ethics of Human Research (Ref: 08/H0714/40). 

Genotyping 

Genetic information was obtained from blood samples collected at 45y,  through two sub-samples 

from case-control studies that had used the 1958BC as a source for population controls: 3000 

samples were randomly selected as part of the Wellcome Trust Case Control Consortium [WTCCC2, 

[3]] and 2592 distinct samples were selected as part of the Type 1 Diabetes Genetics Consortium 

[T1DGC [4]]. The SNP rs16969968 was imputed both in T1DGC and in WTCCC2, with average 

posterior call rate >0.99 in both studies.   

Depression and anxiety 

At age 45 years, the Clinical Interview Schedule-Revised (CIS-R) was used to assess midlife common 

mental disorders [5]. This was administered by trained survey nurses during visits to cohort 

members’ homes. A shortened form of the CIS-R was used for the 1958BC, in which sections 

regarding worry, obsessions, somatic symptoms, compulsions and physical health worries were not 

included, therefore focussing on depressive and anxiety disorders. Definitions of depression, anxiety 

and psychological distress were based upon 90th percentile cut offs of the summary scores. For 

depression, the summary score was the sum of 5 symptom scores (fatigue, forgetfulness, sleep 

problems, depression and depressive ideas) which ranges from 0-21. The anxiety summary score, is 

based on only one symptom score (anxiety) which ranges from 0-4. The continuous measures of 

depression, anxiety and psychological distress were based on the depression summary score, anxiety 

summary score and total CIS-R score (ranging from 0-37) respectively.  

Smoking status 

Cigarette smoking was recorded at age 42 by Computer Aided Personal Interviewing, and was 

classified as never, ex or current smoker.  Reports of never smoking were verified using data from 

surveys at ages 23 and 33. Number of cigarettes smoked per day at 42 years was also reported for 

current smokers. Pipe and cigar smokers were excluded from analyses.  

In the current analyses, we included 5,033 participants with rs1051730 genotype, depression and 

smoking data available.   
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ALSPAC 

The Avon Longitudinal Survey of Parents and Children is a prospective cohort study which recruited 

pregnant women residing in Avon, United Kingdom, with expected dates of delivery between 1 April 

1991 and 31 December 1992. Full details of the study recruitment and methodology have been 

published previously [6].  A total of 14,541 pregnancies were included in the initial sample, resulting 

in 14,062 live births and 13,988 children who were alive at one year of age. Detailed information on 

mothers and their partners (during and after pregnancy) and the children (since birth) has been 

collected from self-report questionnaires and attendance at clinics. Ethics approval for the study was 

obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committee.  

Please note that the study website contains details of all the data that is available through a fully 

searchable data dictionary (http://www.bristol.ac.uk/alspac/researchers/data-access/data-

dictionary/).  

ALSPAC mothers 

Genotyping  

Genotyping of rs1051730 in the ALSPAC mothers was carried out by KBiosciences (Hoddesdon, UK; 

www.kbioscience.co.uk) using fluorescence-based competitive allele-specific PCR (KASPar). Full 

details of the genotyping methods have been published previously [7].  There was little evidence for 

deviation from Hardy Weinberg Equilibrium for this SNP in the ALSPAC mothers [7].  

Depression and anxiety 

Women completed the Edinburgh Postnatal Depression Scale (EPDS) in a postal questionnaire 

administered when their offspring were 3 years old. This questionnaire has 10 questions, each with a 

maximum score of 3 points, with a higher score indicating a greater level of depressed mood.  For 

case definition 1, a cut-off point of greater than or equal to 13 on the EPDS was used to classify 

women as depressed.  This is a well-established cut-off point for determining low mood and has 

been used previously in ALSPAC [8 9].  

In the same questionnaire, women answered the Crown Crisp Experiential  Index (CCEI) [10]. Scores 

on the CCEI anxiety subscale can range from 0 to 16. Women who scored 9 or higher, a cut point 

which has been used previously in ALSPAC [11], were classified as having anxiety according to case 

definition 1. 

Smoking status 

At the same time as the anxiety and depression measures, women were asked about current 

cigarette smoking status and daily number of cigarettes smoked. From this information, women 

were classified as current smokers if they smoked more than one cigarette per day.  Women were 

classified as former and never smokers according to information provided in a questionnaire 

administered at 18 weeks gestation, in which they were asked about pre-pregnancy smoking habits.  

Women who only reported smoking cigars and pipes were excluded from analyses.  

http://www.bristol.ac.uk/alspac/researchers/data-access/data-dictionary/
http://www.bristol.ac.uk/alspac/researchers/data-access/data-dictionary/
http://www.kbioscience.co.uk/
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In the current analyses, we included 5,181 participants with rs1051730 genotype, depression and 

smoking data available.  

ALSPAC children 

Sample 

A single individual from each family was used in the analysis. For twins, only the first born twin 

contributed to the analysis sample. Where there were multiple births by the same mother within the 

study, a single child was selected at random from each family.  

Genotyping  

DNA was extracted as described previously [12]. Genotyping was undertaken by KBioscience Ltd. 

(www.kbioscience.co.uk), using a proprietary competitive allele specific PCR system (KASPar) for SNP 

analysis.  

Depression and anxiety 

Depression and anxiety were measured via a computerised questionnaire, the Clinical Interview 

Schedule- Revised (CIS-R) [13], administered at a clinic which the ALSPAC children attended at age 17 

years. The CIS-R that establishes the severity of 14 symptoms which constitute anxiety and 

depression disorders using algorithms based on ICD-10 criteria and has been validated against 

clinical diagnoses by trained psychiatrists [13]. Depression was defined as meeting  ICD-10 criteria 

for a mild, moderate or severe episode of unipolar depression (case definition 1) or being above the 

90th percentile of the depression symptom scale (the sum of the depression, fatigue, concentration, 

sleep and depressive thoughts symptom scores) (for case definition 2).  Anxiety was defined as a 

primary or secondary diagnosis of anxiety (for case definition 1) or being above the 90th percentile of 

the sum of the anxiety (anxiety  and worry)  symptoms scores (for case definition 2). The depression 

symptom scale, anxiety symptoms score and total CIS-R score were used for continuous measures of 

depression, anxiety and psychological distress respectively.  

Smoking status 

At the age 17 clinic, participants also completed questions on a computer about their lifetime 

smoking behaviour. From these, two categories of smoking status were created: never smokers and 

current daily smokers. Never smokers reported never having tried a cigarette in their lifetime and 

current daily smokers smoked at least one cigarette per day. Individuals reporting less frequent 

smoking were excluded from analyses.  

In the current analyses, we included 1,643 participants with rs1051730 genotype, depression and 

smoking data available.  

  

http://www.kbioscience.co.uk/
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BRHS 
 

The British Regional Heart Study (BRHS) recruited 7,735 men aged 40–59 years in 1978–80; full 

details are reported elsewhere [14].  Men were recruited from 24 medium-sized British towns; at 

that time, very few eligible subjects were of non-European ancestry. Twenty years later, when aged 

60–79 years, n = 4,252 participants were re-measured. The BRHS has local (from each of the districts 

in which the study was based) and multi-centre ethical committee approvals. All men provided 

informed written consent to the investigation, which was performed in accordance with the 

Declaration of Helsinki.  

Genotyping 

DNA was extracted from a whole-blood sample taken at the twenty year follow up.  Genotyping of 

rs1051730 was performed by KBioscience (http://www.kbioscience.co.uk), using KASPar chemistry, 

which is a competitive allele-specific PCR SNP genotyping system.  

Depression 

Depression data was collected in a self-completed postal questionnaire in November 1996, 16-18 

years after entry to the study (2-4 years before the twenty year follow up). Participants were asked 

“Have you ever been told by a doctor that you have or have had any of the following conditions?”, 

with “depression” being included in a list of 11 medical conditions..  

Smoking status 

In the 1996 questionnaire, at the same time data on depression were collected, men were asked “do 

you currently smoke cigarettes?” and “if no, have you ever smoked cigarettes?”, thus defining 

whether participants could be classed as never, ex- or current smokers. Men were also asked “how 

many cigarettes per day do you smoke?” 

In the current analyses, we included 2,943 participants with rs1051730 genotype, depression and 

smoking data available.  

 

 

  

http://www.kbioscience.co.uk/
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BWHHS 
 

The British Women’s Heart and Health Study (BWHHS) is a prospective cohort study of women aged 

between 60 and 79 years who were randomly selected from general practice lists in 23 towns in 

England, Scotland, and Wales [15]. Between 1999 and 2001 baseline data were collected from 4,286 

women with interviews by a research nurse, physical examination, review of primary care medical 

records and self-completion questionnaire. Follow-up for disease outcomes is by biennial medical 

record review (with validation checks) and cancer registrations and death certificates obtained from 

the Health and Social Care Information Centre. In 2003, 2007 and 2010 follow-up data were 

collected using self-reported questionnaires. Ethical approval was granted for the BWHHS from the 

London Multi-Centre Research Ethics Committee and 23 Local Research Ethics Committees. 

Genotyping 

DNA was extracted from blood samples collected in 1999-2001. Genotyping of rs1051730 was 

performed by KBioscience (http://www.kbioscience.co.uk), using KASPar chemistry, which is a 

competitive allele-specific PCR SNP genotyping system.  

Depression 

At baseline data collection, women self-reported lifetime diagnosis of depression by answering the 

question “Have you ever been told by a doctor that you have or have had any of the following 

conditions?”, with “depression” being included in a list of 11 medical conditions.  

Smoking status 

In the baseline questionnaire, at the same time data on depression were collected, women were 

asked “have you ever smoked cigarettes regularly (at least 1/day)?” and “if yes, do you smoke 

cigarettes at present?”, thus defining whether participants could be classed as never, ex- or current 

smokers. Women were also asked “how many cigarettes per day do you smoke?”. Smoking 

heaviness was recorded as a continuous variable. Exclusive pipe and cigar smokers were excluded 

from the analyses.  

In the current analyses, we included 3,150 participants with rs1051730 genotype, psychological 

distress, anxiety and smoking data available.   

file://172.20.32.194/jeoservices/CARTA/Results/Depression%20and%20anxiety/Meta-analysis/Paper%20draft/Circulating%20draft/20140310_incorporating_coauthors_comments/20140303_secondrevision/Comments%20on%20version%202/20140403_CARTA_depression_supplementary_version2_BWHHS.docx%23_ENREF_15
http://www.kbioscience.co.uk/
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CaPS 
 

The Caerphilly Prospective Study (CaPS) comprises 2,512 men—89% of all men aged between 45 and 

59 years at baseline data collection (1979–1983) living in Caerphilly and adjoining villages [16]. The 

men have been followed an additional 4 times. During phase 2, an additional 447 men of the same 

age group living in the same area entered the study for the first time.  

Ethics approval was obtained from the MRC Epidemiology Unit (Cardiff), the South Glamorgan Area 

Health Authority, the Gwent REC, and the South Wales Research Ethics Committee D, and each 

subject signed their agreement to be involved. 

Genotyping 

Genotyping of rs16969968 was undertaken by KBioscience Ltd. (www.kbioscience.co.uk), using a 

proprietary competitive allele specific PCR system (KASPar) for SNP analysis.  The call rate was 98%, 

with 100% duplicate concordance.  

Psychological distress and anxiety 

At phase 2, men self 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]. 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].  

Anxiety at phase 2 was assessed using the 20 item State Trait Anxiety Inventory (STAI).  Responses 

are on a four point scale (between 1 and 4), giving a maximum score (representing greater anxiety) 

of 80 [20]. No clear cut off points exist for this scale in the literature so we only applied a 90th 

percentile cut off (case definition 2). The scale score was used as a continuous measure of anxiety in 

the linear regression analysis.  

Smoking status 

Information on smoking (never, ex, and current smoker of 1–14, 15–24, or ≥25 cigarettes per day 

was collected by questionnaire at phase 2. Men who reported smoking cigars or pipes were excluded 

from all analyses.  

In the current analyses, we included 1,113 participants with rs1051730 genotype, psychological 

distress, anxiety and smoking data available.  

  

http://www.kbioscience.co.uk/
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CHDS 
 

The Christchurch Health and Development Study (CHDS) is a longitudinal study of a birth cohort of 

1,265 children born in the Christchurch (New Zealand) urban region during a 4-month period in mid-

1977 [21 22]. The cohort has now been studied on a total of 22 occasions from birth to age 30 years, 

using a combination of methods including: interviews with parents and cohort members; 

psychometric testing; teacher reports; biological sampling; and official record data. Rates of sample 

retention have remained high throughout the study and at age 30 a total of 987 participants (80% of 

the surviving cohort) were assessed. All phases of the study have received ethical approval from the 

regional Health and Disability Ethics Committee and all forms of data collection have been subject to 

the signed consent of research participants.  

Genotyping 

DNA samples were collected from participants between ages 28-30 years, via direct venous sampling 

(91.4% of samples), or Oragene™ saliva samples (8.6%). Genomic DNA was prepared from peripheral 

blood samples using a guanidium chloride extraction method followed by isopropanol precipitation 

[23]. Oragene™ samples were prepared by the method recommended by the supplier. DNA was 

resuspended in 10 mM Tris pH 8.0:1 mM EDTA (0.5 ml).  Variation at rs16969968 was determined 

using a functionally tested 5′ -nuclease TaqMan (Applied Biosystems) assay, on a 7500 Fast Real-

Time PCR System (Applied Biosystems). For each reaction (5ul volume) approximately 50ng of 

genomic DNA was used, in ABsoluteTM Fast QPCR Master Mix, Low ROX (ABGene). Thermal cycling 

conditions were 15 minutes at 95°C, followed by 40 cycles of 95°C for 3 seconds and 60°C for 30 

seconds.  For quality assurance of the genotyping, 136 samples were repeated blind and no 

mismatches were identified.  The resulting genotypes were tested and found to be in Hardy-

Weinberg equilibrium.  

Depression and anxiety 

At age 30 participants were interviewed about aspects of their mental health and adjustment since 

the previous assessment. As part of this interview information relevant components of the 

Composite International Diagnostic Interview (CIDI) [24] were used to assess DSM-IV symptom 

criteria for a range of mental disorders. For the purposes of this analysis depression was defined as 

having had an episode of major depression in the previous 12 months. Anxiety was defined as having 

had an anxiety disorder (generalised anxiety disorder, panic disorder, agoraphobia, social phobia or 

specific phobia) in the previous 12 months.  

Smoking status 

Smoking status was classified on the basis of repeated assessments of cigarette smoking behaviour 

obtained at ages 15, 16, 18, 21, 25 and 30 years. At each assessment participants were questioned 

about their current smoking behaviour and the amount smoked. No questioning was conducted 

about other forms of tobacco use (pipes, cigars). For the purposes of this analysis current smokers 

were defined as those participants who reported smoking 1 or more cigarettes per day at age 30. 

Former smokers were defined as those who reported having smoked at least one cigarette per day 

at some time prior to age 30 but who were not current smokers. Never smokers were defined as 
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those who had never reported smoking at any age. Participants who reported some tobacco use but 

who had never become regular smokers (defined as at least one cigarette per day) were excluded 

from the analysis, as per study protocol. For current smokers smoking heaviness was defined on a 3-

level categorical variable (1-9 cigs/day; 10-19 cigs/day; 20+ cigs/day).   

In the current analyses, we included 697 participants with rs16969968 genotype, depression and 

anxiety and smoking data available.  
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CoLaus/PsyCoLaus 
 

This is a population-based study of 6,188 individuals (CoLaus), aged 35–75 years, randomly selected 

from the list of residents in Lausanne, Switzerland, between 2003 and 2006 [25]. Risk factors for 

cardiovascular diseases were assessed and DNA and plasma samples were collected for the study of 

genetic variants and biomarkers. Between 2004 and 2008, all 35- to 66-year-old individuals of the 

CoLaus sample were invited to participate in an extensive psychiatric evaluation (PsyCoLaus) [26]. 

Detailed descriptions of recruitment procedures and assessments have been provided previously [25 

26]. Colaus and PsyCoLaus were approved by the Institutional Ethic's Committee of the University of 

Lausanne. 

Genotyping 

Genotyping was performed on whole blood samples. The rs1051730 variant was genotyped as part 

of genome-wide SNP genotyping using the Affymetrix 500 K SNP chip. Full details of this have been 

described previously [7]. The SNP rs1051730 was imputed in the study sample with a posterior call 

rate of 0.97. 

Depression and anxiety 

Psychiatric assessment was made during the psychiatric evaluation (PsyCoLaus: 2004-08). 

Information on current diagnoses of depression and anxiety were collected using a French version of 

the semi-structured Diagnostic Interview for Genetic Studies (DIGS)[27 28]. Diagnoses of depression 

(major depressive disorder) and anxiety (generalised anxiety disorder, panic disorder, agoraphobia, 

social phobia or specific phobia) were assigned according to DSM-IV criteria. All interviews were 

conducted by master-level psychologists. 

Smoking status 

Smoking information was collected by self-rating questionnaires, approximately 1 year before the 

psychiatric evaluation.Ever smokers were those who had smoked regularly at some point in their 

life. Of these, individuals who smoked at least one cigarette daily at the time of interview were 

classified as current smokers, whereas the rest were classified as former smokers. Pipe and cigar 

smokers (who do not smoke cigarettes) were excluded. Smoking heaviness was collected as a 

continuous variable.   

In the current analyses, we included 2,085 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  
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ELSA 
 

The English Longitudinal Study of Ageing (ELSA) is a population based study of adults aged ≥50 years 

living in the UK. The original sample was recruited in 2002 and consisted of 11,391 individuals [29].  

The sample has been followed up every 2 years and data have been collected via computer-assisted 

personal interviews and self-completion questionnaires. ELSA has been approved by the National 

Research Ethics Service and all participants have given informed consent.  

Genotyping  

In Wave 2 (2004/5) of the study, 5,633 participants provided blood samples for DNA extraction.  

Genotyping was performed by KBioscience  using in-house KaSPAR technology.   

Depression and anxiety 

Current depression was assessed at Wave 1 (2002/3) using a shortened version of the Centre for 

Epidemiologic Studies Depression Scale (CES-D) [30].  The scale was formed of 8 questions each with 

a yes/no response and responses summed to give a scale ranging from 0-8. Depression was defined 

as a score of ≥4 (for case definition 1), a cut point which has been used and validated previously [31]. 

At the same wave, individuals were asked if they had ever been diagnosed by a doctor with anxiety.  

Smoking status 

Smoking status was defined according to information collected at Wave 1. Individuals were classified 

as current smokers if they reported smoking at least one cigarette per day or at least one gram of 

tobacco per day on weekdays.  Former smokers were individuals who reported ever having smoked 

cigarettes but who were not current smokers. Never smokers were individuals who had never 

reported smoking cigarettes. Current or former pipe and cigar smokers who did not also smoke 

cigarettes were excluded from all analyses.  

In the current analyses, we included 5,176 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  
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FINRISK 
 

The National FINRISK Study is a large population survey on risk factors of chronic non-communicable 

diseases in Finland [32]. Every five years since 1972, area, sex and age stratified random samples of 

population have been drawn from the Population Information System. In these analyses data from 

FINRISK 2002 and 2007 surveys were used.  In the 2002 and 2007 surveys, the age range of 

participants was from 25 to 74 years. Surveys have included a self-administered questionnaire, 

physical examination and blood draw for laboratory analyses and extraction of DNA. The 2002 and 

2007 FINRISK surveys have been approved by the Coordinating Ethics Committee of the Helsinki 

University Hospital District. Each participant has given a written informed consent.  

Genotyping 

DNA was derived from whole blood samples, which were frozen immediately at the clinical study 

sites. The samples were transferred to the National Institute of Health and Welfare, where the DNA 

was extracted. Genotyping of rs16969968 (CHRNA5 D398N) was done under standard protocols of 

iPLEX Gold technology on the MassARRAY System (Sequenom, San Diego, CA, USA)[33]. The success 

rate was >0.99 and it was in HWE. Minor allele frequency was 0.32. 

Depression 

Depression was reported in a self-completed questionnaire. Cases were individuals who had had 

depression diagnosed or treated by a physician during the previous year.  

Smoking status 

In the same questionnaire, respondents were asked whether they had ever smoked. Those stating 

that they had never smoked were categorized as never smokers and skipped the other smoking-

related questions. Ever smokers were defined as those who had smoked at least 100 cigarettes in 

their lifetime. Further questions were used to classify ever smokers as current and former smokers. 

Former smokers reported having been either regular or occasional smokers but were not smoking 

currently. For the present analysis, only those who had quit over 6 months ago were included in the 

former smoker category.  Current smokers reported regular or daily smoking having smoked on the 

day of the assessment or the previous day.  Exclusive pipe or cigar smokers were excluded from all 

analyses.  

In order to create a variable for smoking quantity the participants were asked to indicate the 

average number of both manufactured and self-rolled cigarettes they smoked or had smoked per 

day before quitting. Manufactured and self-rolled cigarettes were totalled for the analysis. 

In the current analyses, we included 10,566 participants with rs16969968 genotype, depression, and 

smoking data available.  

 

  

file://172.20.32.194/jeoservices/CARTA/Results/Depression%20and%20anxiety/Meta-analysis/Paper%20draft/Circulating%20draft/20140310_incorporating_coauthors_comments/20140303_secondrevision/Comments%20on%20version%202/20140403_CARTA_depression_supplementary_version2_FINRISK.docx%23_ENREF_32
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Generation Scotland 
 

The Generation Scotland: Scottish Family Health Study (GS:SFHS) recruited 24,084 participants aged 

18–100 years between 2006–11; full details are reported elsewhere [34]. Participants came from 

across Scotland, with some family members from further afield. The sample was 59% female, with a 

wide range of ages and socio-demographic characteristics. Most (87%) participants were born in 

Scotland and 96% in the UK or Ireland. Mean family size (excluding 1,400 singletons without any 

relations in the study) was 4.07 members; median was 3 (IQR 2–5). The largest family had 36 

participating members, and participants were grouped in 5,621 families. Although GS:SFHS is a 

family-based study, the current analysis only included subjects who were unrelated. Relatedness 

was defined using the pedigree data.  An important feature of GS:SFHS is the breadth and depth of 

phenotype information, including clinical and physical measures and detailed data on cognitive 

function, personality traits and mental health. Ethical approval for the study was given by the NHS 

Tayside committee on research ethics (reference 05/s1401/89). 

Genotyping 

Genome-wide genotype data for nearly one million genetic variants have been measured on 10,000 

selected participants. Blood samples (or saliva from postal and a few clinical participants) from 

GS:SFHS participants were collected, processed and stored using standard operating procedures and 

managed through a laboratory information management system at the Wellcome Trust Clinical 

Research Facility Genetics Core, Edinburgh [35]. The yield of DNA was measured using picogreen and 

normalised to 50ng/µl before genotyping. Genotyping was performed using the Illumina 

HumanOmniExpressExome-8 v1.0 DNA Analysis BeadChip and Infinium chemistry [36]. In summary, 

this consists of three steps: (i) whole genome amplification, (ii) fragmentation followed by 

hybridisation, and (iii) single-base extension and staining. For each of the samples, 4μl of DNA 

normalised to 50ng/μl was used.  The Arrays were imaged on an Illumina HiScan platform and 

genotypes were called automatically using GenomeStudio Analysis software v2011.1.   

Depression  

Depression and smoking status were measured at the same time-point.  Lifetime diagnosis of 

depression was assessed via the Structured Clinical Interview for DSM-IV Axis disorders non patient 

edition (SCIDI-NP)[37]. The interview was administered by a trained nurse. 

The general health questionnaire 28 (GHQ-28) was administered at the same time point. For binary 

psychological distress, the GHQ-28 was scored using the conventional scoring system which allocates 

0,0,1,1 to the four response categories. The maximum score is 28 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 has previously demonstrated good sensitivity and specificity for 

psychiatric disorders [38]. For the continuous measure of psychological distress, the GHQ-28 was 

scored according to the Likert method  (a four point scale (0-3) according to symptom frequency) to 

allow greater variation across the sample with a range of 0-84 [17]. 
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Smoking status 

Smoking status was assessed via a paper-based, self-report questionnaire. Participants were asked a 

series of questions on smoking history, from which current smokers, former smokers and never 

smokers were defined. Pipe or cigar smokers who smoked no cigarettes were excluded from the 

analyses. Heaviness of smoking was assessed using the average number of cigarettes smoked per 

day.  

In the current analyses, we included 7,485 participants with rs1051730 genotype, depression, and 

smoking data available.  
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GOYA females 
 

The GOYA females were derived from the Danish genome-wide association study GOYA (Genomics 

of extremely Overweight Young Adults), nested within the Danish National Birth Cohort (DNBC) [39 

40].  The Danish National Birth Cohort (DNBC) is a collection of data on 92,274 pregnant women 

recruited between 1996 and 2002, from their first antenatal visit to their general practitioner. 

Women participated in four telephone interviews (16  and 30 weeks gestation and 6 and 18 months 

after birth) and in a questionnaire-based follow-up  7 years after birth. They also provided two blood 

samples during pregnancy. The GOYA females were drawn as a random cohort sample from the 

67,863 women within the DNBC who provided information about prepregnancy BMI, gave birth to a 

live born infant and provided a blood sample during pregnancy .   This comprised 2,542 women. The 

study was approved by the regional scientific ethics committee and by the Danish Data Protection 

Board. 

Genotyping 

Genotyping of rs1051730 was carried out on the Illumina Human610-Quad v1.0 BeadChip (545,350 

SNPs) at the Centre National de Génotypage (CNG), Evry, France.  

Depression and anxiety 

Information on treatment seeking for depression and anxiety was collected in the 7-year follow-up 

which had a participation rate of 55 %. Cases of depression and anxiety were defined as women who 

self-reported having seen a doctor for these conditions since birth using the following questions: 

‘Have you had a psychiatric illness or bad nerves since birth?’, ‘Have you been in contact with a 

doctor or psychologist because of this?’ and ‘Which type of illness were you suffering from?’ with a 

positive answer for ’Anxiety’ or ’ Depression’. 

Smoking status 

Smoking status was based on information from the 7-year follow-up where women were asked 

whether they had smoked since birth, about their present smoking status (yes/no) and number of 

cigarettes smoked per day in three categories (1-9, 10-19, 20+). Past smokers were women who had 

quit smoking since birth and women who were non –smokers at the 7 year follow-up but were 

defined as smokers at any point in time during their pregnancy.    

In the current analyses, we included 1,114 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  
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HBCS 
 

The Helsinki Birth Cohort Study (HBCS) is composed of 8,760 individuals born between the years 

1934-44 in one of the two main maternity hospitals in Helsinki, Finland. Between 2001 and 2003, a 

randomly selected sample of 928 males and 1,075 females participated in a clinical follow-up study 

with a focus on cardiovascular, metabolic and reproductive health, cognitive function and depressive 

symptoms. There were 1,709 women and men (43% men) with valid genotype and phenotype data. 

The mean age of the participants in the follow-up was 61.5 years (SD=2.9). In 2004, a psychological 

questionnaire was mailed to the participants, and in 2010-2011 a third follow-up was conducted. 

Detailed information on the selection of the HBCS participants and on the study design can be found 

elsewhere [41-43]. The research plan of the HBCS was approved by the Institutional Review Board of 

the National Public Health Institute and all participants have signed an informed consent. 

Genotype 

DNA was extracted from the blood samples and genotyping was performed with the modified 

Illumina 610k chip by the Wellcome Trust Sanger Institute, Cambridge, UK according to the standard 

protocols. rs1051730 was directly genotyped and did not deviate from the HWE (p = 0.52). 

Frequency of the A-allele was 34.0%.  

Depression and anxiety 

Information on depression and anxiety were collected by postal questionnaire in 2004 when 

individuals were 63 years old. Depression was assessed by the 20 item Centre for Epidemiologic 

Studies Depression Scale (CES-D) [30].  Each item on the scale is scored on a four point scale from 0-3 

according to frequency of symptoms and summed to give a total score, with the maximum possible 

score (indicating the most severe depression) of 60. Individuals scoring 16 or above were classified 

as depressed, a cut point which has been applied previously in the literature [44 45]. 

Anxiety was assessed at the same time using the 20 item State Trait Anxiety Inventory (STAI) [20].  

Responses are on a four point scale (between 1 and 4), giving a maximum score (representing 

greater anxiety) of 80 [20]. No clear cut off points exist for this scale in the literature so we only 

applied a 90th percentile cut off (case definition 2).  

Smoking status 

As smoking information was not collected at the same time point as the depression and anxiety data 

(2004), smoking status from the initial follow up (2001 to 2004) was used.  It was assumed that 

smoking status had not changed in the interim.  Smoking status was self-reported on a following 

scale: never smoked, quitted smoking, smoke only on weekends, smoke 1-5 cigarettes/day, smoke 6-

20 cigarettes /day, smoke >20 cigarettes /day. Current smokers were defined as individuals who 

reported smoking at least one cigarette per day. Data on pipe and cigar smoking were not available.     

In the current analyses, we included 1,442 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  
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Health2006 
 

The Health2006 study took place during 2006-2008 and consisted of a random sample of 7,931 

Danish (Danish nationality and born in Denmark) men and women aged 18-69 years invited to 

participate in a health examination [46]. A total of 3,471 (43.8%) persons participated. Potential 

participants living in the Copenhagen area were identified in the central Danish Civil Registration 

System, and then recruited by invitation. The aim was to investigate the prevalence and risk factors 

of chronic diseases such as mental health, asthma, allergies, CVD, and diabetes. Informed written 

consent was obtained from all participants. The study was approved by the Ethical Committee of 

Copenhagen. 

Genotyping 

Blood samples were taken from all participants as part of their health examination. The buffy coat 

was frozen for DNA extraction, and later genomic DNA was extracted using a Qiagen AutoPure LS 

system. Genotyping was performed using KBiosciences allele-specific PCR (KASPar) (KBiosciences, 

Hoddesdon, UK). The call rate for this SNP (rs1051730) was > 99.2%. No errors were observed in 370 

duplicate samples.  

Depression and anxiety 

Participants were asked to complete a self-administered shortened version of the Danish Symptom 

Checklist SCL-90-R [47] during the health examination. The shortened questionnaire included 

symptom subscales for depression (13 questions) and anxiety (10 questions). Each question is 

answered on a 5 point Likert scale, ranging from zero (not at all) to four (very much). The time frame 

is the past week. The scores are then summed for each subscale and divided by the number of items 

to give an average score for each scale of between 0 and 4. A higher score indicates more symptoms. 

As we were unable to identify any clear cut points for the scale in the literature, we used 90th 

percentile cut offs of the specific subscales to categorise individuals as depressed or anxious (case 

definition 2).  

 

Smoking status 

Information on smoking status was collected by a self-administered questionnaire to be filled in at 

home prior to the health examination. Smoking status was recorded as never, former, occasional (<1 

cigarette, cheroot, cigar, or pipe per day) and daily smokers. Occasional smokers as well as daily 

smokers smoking exclusively cheroots, cigars, or pipe were excluded from all analyses. Smoking 

heaviness among daily smokers was recorded as number of cigarettes per day. 

In the current analyses, we included 2,758 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  
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Health2008 
 

The Health2008 Study took place from September 2008 to December 2009. Participants from the 

Copenhagen area were recruited through the Civil Registration office as a random sample of 2,218 

men and women between 30 and 60 years of age [48 49]. Pregnant women, men and women with 

cardiovascular disease, type 2 diabetes, chronic obstructive lung disease or functional limitation 

were not eligible. The final study sample comprised 795 (35.8 %) eligible participants. The aim was to 

validate various methods applied in The Health2006 Study, e.g. a cardio respiratory fitness test and 

an IQ test. Informed written consent was obtained from all participants. The study was approved by 

the Ethical Committee of Copenhagen. 

Genotyping 

DNA was extracted from blood samples taken from all participants as part of their health 

examination. Genotyping was performed with the Illumina Human Exome BeadChip (version 1.2) 

using the Illumina HiScan (Illumina, San Diego, CA). Genotypes were called using the genotyping 

module (version 1.9.4) of GenomeStudio software (version 2011.1; Illumina). The call rate for this 

SNP (rs16969968) was > 99%. 

Depression and anxiety 

Participants were asked to complete a self-administered shortened version of the Danish Symptom 

Checklist SCL-90-R [47] during the health examination. The shortened questionnaire included 

symptom subscales for depression (13 questions) and anxiety (10 questions). Each question is 

answered on a 5 point Likert scale, ranging from zero (not at all) to four (very much). The time frame 

is the past week. The scores are then summed for each subscale and divided by the number of items 

to give an average score for each scale of between 0 and 4. A higher score indicates more symptoms. 

As we were unable to identify any clear cut points for the scale in the literature, we used 90th 

percentile cut offs of the specific subscales to categorise individuals as depressed or anxious (case 

definition 2).  

 

Smoking status 

Information on smoking status was collected by a self-administered questionnaire to be filled in at 

home prior to the health examination. Smoking status was recorded as never, former, occasional (<1 

cigarette, cheroot, cigar, or pipe per day) and daily smokers. Occasional smokers as well as daily 

smokers smoking exclusively cheroots, cigars, or pipe were excluded from all analyses. Smoking 

heaviness among daily smokers was recorded as number of cigarettes per day. 

In the current analyses, we included 585 participants with rs1051730 genotype, depression, anxiety 

and smoking data available.  
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HUNT  
 

The second wave of the HUNT Study in Norway took place in 1995-97, where all adults aged 20 years 

and older in Nord Trøndelag County were invited to participate. A total of 65,438 (70%) accepted to 

the invitation and gave written informed consent to use the data for medical research. The data 

collection included questionnaires, clinical measurements and blood samples 

(http://www.ntnu.edu/hunt/data/que). Use of data in the present study was approved by the 

Regional Committee for Medical Research Ethics (Reference nr.  2013/1127/REK midt).  

Genotyping  

Altogether 56,664 participants were genotyped for the rs1051730 single nucleotide polymorphism 

variant. DNA was extracted from blood samples for all participants of the HUNT 2 study and stored 

at the HUNT biobank. The rs1051730 polymorphism was genotyped at the HUNT biobank using 

TaqMan genotyping assays (Applied Biosystems, Foster City, CA, 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.  

Depression and anxiety 

Depression and anxiety were assessed using the self-completed Hospital Anxiety and Depression 

Scale (HADS) [50]. This scale is made up of two 14 item subscales, which assess depression and 

anxiety. Scores of 8 or above were used to classify individuals as having depression or anxiety; these 

cut points have been used previously within HUNT [51]. In addition, 90th percentile cut offs of the 

specific subscales were used to categorise individuals as depressed or anxious (case definition 2). 

Information on use of depression and anxiety medication was collected among those responding >0 

days on the questions: “If daily use of medication last 12 months; how many months have you used 

medicine for depression and/or sedatives.”  

Smoking status 

Smoking status was measured with self-completed questionnaire data with 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. Data on smoking behaviour was 

reported in the same questionnaire as the anxiety and depression measures. Exclusive pipe and/or 

cigar smokers were excluded from the analyses. 

In the current analyses, we included 53,289 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  

http://www.ntnu.edu/hunt/data/que
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Inter99 
 

The Inter99 study is a randomised controlled trial (CT00289237, ClinicalTrials.gov) investigating the 

effects of lifestyle intervention on CVD (N=61,301)[52 53]. We used baseline data from a random 

subsample of 12,934 men and women aged approximately 30, 35, 40, 45, 50, 55, or 65 years invited 

to participate in a health examination during 1999-2001.  Participants were living in the Copenhagen 

area and were identified in the central Danish Civil Registration System, and recruited by invitation. 

A total of 6,784 (52.5%) participated. A subsampe of 1,948 individuals examined in the period 15th 

February 2000 to 31st January 2001 were asked to complete a shortened version of the Danish SCL-

90-R beforehand (1,837 accepted). Only participants with a Northern European origin (Denmark, 

Norway, Sweden, Iceland, and Faeroe Islands) were included (n=1,770). Informed written consent 

was obtained from all participants. The study was approved by the Ethical Committee of 

Copenhagen. 

Genotyping 

DNA was extracted from blood samples taken from all participants as part of their health 

examination. Genotyping was performed using KBiosciences allele-specific PCR (KASPar) 

(KBiosciences, Hoddesdon, UK). The call rate for this SNP (rs1051730) was > 98.8%. No errors were 

observed in 353 duplicate samples. 

Depression and anxiety 

One month prior to the baseline screening participants were asked to complete a self-administered 

shortened version of the Danish Symptom Checklist SCL-90-R [47]. The use of this scale within 

Inter99 has been described previously [54]. The shortened questionnaire included symptom 

subscales for depression (13 questions) and anxiety (10 questions). Each question is answered on a 5 

point Likert scale, ranging from zero (not at all) to four (very much). The time frame is the past week. 

The scores are then summed for each subscale and divided by the number of items to give an 

average score for each scale of between 0 and 4.  As we were unable to find any clear cut points for 

the scale in the literature, we used 90th percentile cut offs of the specific scales to categorise 

individuals as depressed or anxious (case definition 2).  

Smoking status 

Information on smoking status was collected by a self-administered questionnaire to be filled in at 

home prior to the health examination. Smoking status was recorded as never, former, occasional (<1 

cigarette, cheroot, cigar, or pipe per day) and daily smokers. Occasional smokers as well as daily 

smokers smoking exclusively cheroots, cigars, or pipe were excluded from all analyses. Smoking 

heaviness among daily smokers was recorded as number of cigarettes per day.  

In the current analyses, we included 1,493 participants with rs1051730 genotype, depression, 

anxiety and smoking data available.  
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NFBC1966 
 

The Northern Finland Birth Cohort 1966 (NFBC1966) Study was initiated in 1965 by enrolling 

mothers living in the two Northernmost provinces of Finland, Oulu and Lapland, and with expected 

dates of delivery in 1966 [55]. Altogether 12,231 children were born into the cohort, 12,058 of them 

live-born. The original data have been supplemented by data collected by postal questionnaires at 

the ages of 1, 14, 31 and 46 years (on-going) and data from various hospital records and national 

register data. At the 31 year follow up, those living in the original target area (Northern Finland) or in 

the capital (Helsinki) area were invited to a clinical examination, in which 71% (N=6,033) 

participated. The University of Oulu Ethics Committee and the Ethical Committee of Northern 

Ostrobothnia Hospital District have approved the study. Participants provided written informed 

consent.   

Genotyping 

Blood samples were drawn at age 31 and DNA was extracted successfully for 5,753 subjects. 

Illumina’s HumanCNV370-Duo DNA Analysis BeadChip was used to obtain genome-wide genetic 

data. It contains an informative set of tag SNPs derived from the HapMap European-derived (CEU) 

sample. Imputation was performed on 328,007 SNPs using IMPUTE software version 0.3.1 58, 

applying information threshold of >0.4 and MAF threshold of >1%. The rs1051730 SNP was extracted 

from GWAS data. The University of Oulu Ethics Committee and the Ethical Committee of Northern 

Ostrobothnia Hospital District have approved the study. Participants provided written informed 

consent.   

Depression and anxiety 

Depression and anxiety were assessed via a Finnish translation of the Symptom Checklist, SCL-25 

which was administered in a postal questionnaire at age 31 years [56].  The SCL-25 questionnaire 

includes symptom subscales for depression (13 questions) and anxiety (10 questions). Each question 

is answered on a 4 point scale, ranging from one (not bothered) to four (extremely bothered). The 

scores are then summed for each subscale and divided by the number of items to give a total score 

for each scale of between 1 and 4.  A cut off of 1.75 and above on each of the subscales was used to 

indicate depression or anxiety (for case definition 1), as previously described in the literature [57].  

Smoking status 

Smoking habits were enquired via a postal questionnaire as part of the 31-year follow-up study. The 

questionnaire was returned by 75% (N=8,767) of the individuals.  Smoking heaviness was measured 

on a continuous scale. The exclusive pipe or cigar smokers excluded were excluded from all analyses.  

In the current analyses, we included 3,919 participants with rs1051730 genotype, depression and 

smoking data available.  
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NFBC1986 
 

The Northern Finland Birth Cohort 1986 (NFBC1986) includes all births in the two northernmost 

provinces of Finland, Oulu and Lapland, between July 1st 1985 and June 30th 1986 [58]. Altogether 

9,479 children were born into the cohort, 9,432 of them live-born. The original data have been 

supplemented by data collected by postal questionnaires at the ages of 7, 8 and 16 years and data 

from various hospital records and national register data. A clinical examination was performed at 

age 16 years in which 74% (N=6,798) of the cohort members participated.  The University of Oulu 

Ethics Committee and the Ethical Committee of Northern Ostrobothnia Hospital District have 

approved the study. Participants provided written informed consent.   

Genotyping 

Blood samples were collected as part of the 16-year follow-up and DNA was extracted for 6266 

individuals. The DNA samples were processed at Imperial College London, UK and custom 

genotyping was performed at LGC Genomics Ltd, Hoddesdon, Herts, UK (formerly Kbioscience). The 

University of Oulu Ethics Committee and the Ethical Committee of Northern Ostrobothnia Hospital 

District have approved the study. Participants provided written informed consent.   

Depression and anxiety 

Depression and anxiety were assessed via the Youth Self Report (YSR), a psychiatric assessment tool 

for detecting emotional and behavioural problems in 11-18 year olds [59].  The YSR is self 

administered and adolescents respond on each statement on a scale of “not true”, “sometimes true” 

or “definitely true”.  Scores on each question are  added together  to obtain a summary score for 

each scale.  The YSR is made up of eight syndrome scales, two of which relate to anxiety and 

depression, the withdrawn/depressed (7 items) scale and the anxious/depressed (13 items) scale.  

Individuals scoring >84th percentile of the withdrawn/depressed subscale were classified as having 

depression and individuals scoring >84th percentile of the anxious/depressed scale were classified as 

having anxiety (for case definition 1). This is in line with previous cut points used to indicate 

borderline clinical range [59 60].  

Smoking status 

Smoking habits were enquired via a postal questionnaire as part of the 16-year follow-up study. The 

questionnaire was returned by 80% (N=7,344) of the adolescents.  Two categories of smokers were 

created, never smokers who reported never having tried a cigarette and current smokers who 

reported smoking at least one cigarette daily. Individuals who did not fall into this category were 

excluded from the analyses.  

In the current analyses, we included 1,143 participants with rs1051730 genotype, depression and 

smoking data available.  
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NHANES 
 

The National Health and Nutrition Examination Survey (NHANES) 

(http://www.cdc.gov/nchs/nhanes.htm) is a program of health surveys run by the National Center 

for Health Statistics, part of the Centers for Disease Control  and Prevention in the United States.  

The third National Health and Nutrition Examination Survey (NHANES III) was conducted from 

October 1988 through October 1994 in two phases, each of which comprised a national probability 

sample. The first phase was conducted from October 18, 1988, through October 24, 1991, at 44 

locations. The second phase was conducted from September 20, 1991, through October 15, 1994, at 

45 different locations. In NHANES III, 39,695 persons were selected over the six years; of those, 

33,994 (86%) were interviewed in their homes. All interviewed persons were invited to the Medical 

examination centre (MEC) for a medical examination. Seventy-eight percent (30,818) of the selected 

persons were examined in the MEC, and an additional 493 persons were given a special, limited 

examination in their homes [61].  

Data collection for NHANES was approved by the NCHS Research Ethics Review Board. Analysis of 

deidentified data from the survey is exempt from the federal regulations for the protection of 

human research participants. Analysis of restricted data through the NCHS Research Data Center is 

also approved by the NCHS ERB. 

Genotype 

The genetic data available through the NCHS is from 7,159 specimens collected during Phase-2 of 

the Third National Health and Nutrition Examination Survey.  2,630 specimens were collected from 

Non-Hispanic White individuals.  Genotyping of rs1051730 was carried out using the iPLEX 

Gold (Sequenom, San Diego, CA) at Vanderbilt University 's DNA Resources Core.  Average SNP call 

rate was 99.5%. This genotype is a restricted variable and therefore these data were accessed 

through the Research Data Center.  

Depression 

Depression was assessed at the MEC by the Diagnostic Interview Schedule (DIS) questionnaire which 

was administered by a trained interviewer. Individuals with lifetime diagnoses of a severe or non 

severe depressive episode (excluding those due to bereavement) according to DSM-III criteria were 

classified as depressed.  If individuals were under the age of 16 years when they first experienced an 

episode of depression, they were excluded from the analyses.  

Smoking status 

Smoking status was collected in Household  Adult Questionnaire administered during the household 

interview. Current smokers were defined as individuals who reported smoking at least one cigarette 

per day. Former smokers were defined as individuals who reported having smoked at least 100 

cigarettes in their lifetime but did not currently smoke cigarettes.  Never smokers were individuals 

who reported having smoked less than 100 cigarettes in their lifetime. Pipe and cigar smokers who 

did not also report cigarette smoking were excluded from analyses.  

 

http://www.cdc.gov/nchs/nhanes.htm
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Sample analysis 

Due to the survey design of the NHANES data, analyses were performed using survey commands 

available in Stata (version 11). Taylor series linearization was implemented to estimate variances 

[62]. Analyses were weighted using the genetic weights provided by NHANES, as described 

previously [63] . Analyses were restricted to individuals of non- Hispanic white ethnic origin.   

In the current analyses, we included 694 participants with rs1051730 genotype, depression and 

smoking data available.  
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NSHD 
 

The Medical Research Council National Survey of Health and Development (NSHD) is an on-going 

prospective birth cohort study consisting of all births in England, Scotland and Wales in one week in 

March 1946 [64]. The sample includes single, legitimate births whose fathers were in non-manual or 

agricultural occupations and a randomly selected one in four of all others, whose fathers were in 

manual labour. The original cohort, now 68 years of age, comprised 2,547 women and 2,815 men 

who have been followed-up over 20 times since their birth. The data collected to date include repeat 

cognitive function, physical, lifestyle and anthropomorphic measures, as well as blood analytes and 

other measures. The cohort recently completed a particularly intensive phase of clinical assessment 

and biological sampling with blood and urine sampling and analysis, and cardiac and vascular 

imaging [65]. Ethical approval was given by the Central Manchester Research Ethics Committee.  

Genotyping 

DNA was extracted from blood samples collected in 1999 [66]. Genotyping of rs16969968 was 

carried out by LGC Genomics (Hoddesdon, UK; www.lgcgenomics.com) using fluorescence-based 

competitive allele-specific PCR (KASPar).  Call rate was >95%. 

Depression and anxiety 

The general health questionnaire 28 (GHQ-28) was used as a measure of psychological distress 

within this study and was administered to study members in their homes by trained interviewers at 

age 53 years [38 67]. This instrument has been validated for the identification of psychological 

distress [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]. 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 was 28 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 has previously 

demonstrated good sensitivity and specificity for psychiatric disorders [38]. For the continuous 

measure of psychological distress, the GHQ-28 was scored according to the Likert method (a four 

point scale (0-3)) to allow greater variation across the sample with a range of 0-84.  

Smoking status 

Smoking status was collected during a home interview at age 53 years by trained interviewers [68]. 

Current cigarette smoking status (“yes”, “no”) and the number of cigarettes smoked per day was 

obtained. Study members who provided an affirmative response to being current cigarette smokers, 

regardless of the quantity of cigarettes smoked per day, were classified as “smokers”, while those 

who provided a negative response were classified as “non-smoker”.   Pipe and cigar smokers who did 

not also report cigarette smoking were excluded from analyses.  

In the current analyses, we included 2,576 participants with rs16969968 genotype, depression and 

smoking data available.  
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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 8th 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), Illumina 370 (N=290), 

Illumina 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 8th NTR survey include the ASEBA Adult Self Report (ASR) questionnaire. Individuals with ASR T-

scores ≥ 65 on the DSM-orientated depression scale were categorized as depressed, individuals with 

T-scores  ≥ 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 DSMIIIR 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 Illumina 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 Illumina 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 l’Inadaptation 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 

questionnaire 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.  

 

http://www.saguenay-youth-study.org/
file://172.20.32.194/jeoservices/CARTA/Results/Depression%20and%20anxiety/Meta-analysis/Paper%20draft/Circulating%20draft/20140310_incorporating_coauthors_comments/20140303_secondrevision/Comments%20on%20version%202/20140403_CARTA_depression_supplementary_version2_aw_tp.docx%23_ENREF_80
file://172.20.32.194/jeoservices/CARTA/Results/Depression%20and%20anxiety/Meta-analysis/Paper%20draft/Circulating%20draft/20140310_incorporating_coauthors_comments/20140303_secondrevision/Comments%20on%20version%202/20140403_CARTA_depression_supplementary_version2_aw_tp.docx%23_ENREF_81
file://172.20.32.194/jeoservices/CARTA/Results/Depression%20and%20anxiety/Meta-analysis/Paper%20draft/Circulating%20draft/20140310_incorporating_coauthors_comments/20140303_secondrevision/Comments%20on%20version%202/20140403_CARTA_depression_supplementary_version2_aw_tp.docx%23_ENREF_82
file://172.20.32.194/jeoservices/CARTA/Results/Depression%20and%20anxiety/Meta-analysis/Paper%20draft/Circulating%20draft/20140310_incorporating_coauthors_comments/20140303_secondrevision/Comments%20on%20version%202/20140403_CARTA_depression_supplementary_version2_aw_tp.docx%23_ENREF_82
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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 II 
 

Whitehall II 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 II 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 II 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 
criteria  

Scale 
Range 

Case definition 1 Case definition 2 

1958BC Psychological 
distress 

CIS-R N/A  N/A >90th percentile of 
depression OR anxiety 

Depression CIS-R N/A 0-21 N/A >90th percentile of CIS-R 
depression symptom 
score 

Anxiety CIS-R N/A 0-4 N/A >90th percentile of CIS-R 
anxiety symptom score 

ALSPAC 
children 

Psychological 
distress 

CIS-R ICD-10  Depression OR anxiety as 
characterised below 

>90th percentile of 
depression OR anxiety 

Depression CIS-R ICD-10 0-21 Mild or moderate or 
severe depressive 
episode 

>90th percentile of CIS-R 
depression symptom 
score 

Anxiety CIS-R ICD-10 0-8 Primary or secondary 
diagnosis of anxiety 

>90th percentile of CIS-R 
anxiety symptom score 

ALSPAC 
mothers 
 

Psychological 
distress 

EPDS/ CCEI N/A N/A ≥13 on EPDS OR  
≥9 on CCEI 

>90th percentile of EPDS 
or CCEI 

Depression EPDS N/A 0-30 ≥13 on EPDS >90th percentile of EPDS  

Anxiety CCEI N/A 0-16 ≥9 on CCEI >90th percentile of CCEI 

BRHS Psychological 
distress 

N/A N/A N/A N/A N/A 

Depression Doctor 
Diagnosis 
(lifetime)  

N/A N/A Yes to doctor diagnosis N/A 

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 
Diagnosis 
(lifetime) 

N/A N/A Yes to doctor diagnosis N/A 

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

CaPS Psychological 
distress 

GHQ-30 N/A 0-30 Overall GHQ-30 score  
≥5 (conventional scoring) 

>90th percentile of GHQ-
(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 >90th percentile of STAI  

CHDS Psychological 
distress 

CIDI  
 

DSM-IV N/A Depression OR anxiety as 
characterised below 

N/A 

 Depression CIDI  
 

DSM-IV N/A Major depression in past 
12 months 

N/A 

 Anxiety CIDI  
 

DSM-IV N/A Anxiety disorder (GAD, 
panic disorder, 
agoraphobia, social 
phobia, specific phobia) 
in past 12 months 

N/A 

CoLaus Psychological 
distress 

DIGS 
 

DSM-IV N/A Depression OR anxiety as 
characterised below 

N/A 

Depression DIGS DSM-IV N/A Major depression  N/A 

Anxiety DIGS 
 

DSM-IV N/A Anxiety disorder (GAD, 
panic disorder, 
agoraphobia, social 
phobia, specific phobia)  

N/A 

ELSA Psychological 
distress 

CES-D/Doctor 
diagnosis 

N/A N/A Depression OR anxiety as 
characterised below 

N/A 

Depression CES-D  
(8 item) 

N/A 0-8 ≥4 on CES-D >90th percentile of CES-D 

Anxiety Doctor 
Diagnosis 

N/A N/A Yes to doctor diagnosis N/A 



36 
 

(lifetime)  

FINRISK 
2002/2007 

Psychological 
distress 

 N/A N/A N/A N/A 

Depression Doctor 
diagnosis  
(previous 12 
months) 

N/A N/A Yes to doctor diagnosis N/A 

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

Generation 
Scotland 

Psychological 
distress 

GHQ-28 N/A 0-28 ≥5 using standard binary 
coding 

>90th percentile on GHQ-
28  

Depression SCIDI-/NP DSM-IV N/A Lifetime diagnosis of 
single major depressive 
disorder OR multiple 
major depressive disorder 

N/A 

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

GOYA 
females  

Psychological 
distress 

Sought out 
doctor 

N/A N/A Depression OR anxiety as 
characterised below 

N/A 

Depression Sought out 
doctor 

N/A N/A Yes to depression N/A 

Anxiety Sought out 
doctor 

N/A N/A Yes to anxiety N/A 

HBCS Psychological 
distress 

CES-D/STAI N/A N/A ≥16 on CES-D or >90th 
percentile of the STAI 

>90th percentile of the 
CES-D or STAI 

Depression CES-D N/A 0-60 ≥16 on CES-D >90th percentile of CES-D 

Anxiety STAI N/A 20-80 No established cut off  >90th percentile of STAI 

Health 
2006 

Psychological 
distress 

SCL-90-R N/A N/A N/A >90th percentile on 
depression subscale OR 
anxiety subscale 

Depression SCL-90-R N/A Average 
score from 
13 items 
(0-4) 

N/A >90th percentile on 
depression subscale 
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Anxiety SCL-90-R N/A Average 
score from 
10 items 
(0-4) 

N/A >90th percentile on 
anxiety subscale 

Health 
2008 

Psychological 
distress 

SCL-90-R N/A N/A N/A >90th percentile on 
depression subscale OR 
anxiety subscale 

Depression SCL-90-R N/A Average 
score from 
13 items 
(0-4) 

N/A >90th percentile on 
depression subscale 

Anxiety SCL-90-R N/A Average 
score from 
10 items 
(0-4) 

N/A >90th percentile on 
anxiety subscale 

HUNT Psychological 
distress 

HADS N/A N/A Depression OR anxiety as 
characterised below 

>90th percentile on 
depression subscale OR 
anxiety subscale 

Depression HADS N/A 0-21 
depression 
subscale 

≥8 on depression 
subscale 

>90th percentile on 
depression subscale 

Anxiety HADS N/A 0-21 
anxiety 
subscale 

≥8 on anxiety subscale >90th percentile on 
anxiety subscale 

Inter99 Psychological 
distress 

SCL-90-R N/A N/A N/A >90th percentile on 
depression subscale OR 
anxiety subscale 

Depression SCL-90-R N/A Average 
score from 
13 items 
(0-4) 

N/A >90th percentile on 
depression subscale 

Anxiety SCL-90-R N/A Average N/A >90th percentile on 
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score from 
10 items 
(0-4) 

anxiety subscale 

NFBC 1966 Psychological 
distress 

SCL-25 N/A N/A Depression OR anxiety as 
characterised below 

>90th percentile on 
depression subscale OR 
anxiety subscale 

Depression SCL-25 N/A Average 
score from 
13 items 
(1-4) 

≥1.75 depression 
subscale 

>90th percentile on 
depression subscale 

Anxiety SCL-25 N/A Average 
score from 
10 items 
(1-4) 

≥ 1.75 anxiety subscale >90th percentile on 
anxiety subscale 

NFBC 1986 Psychological 
distress 

YSR N/A  Depression OR anxiety as 
characterised below 

> 90th percentile of YSR 
depression or anxiety 
subscale 

Depression YSR N/A (0-14) 
Withdrawn
/depressed 
subscale 
(7 items) 

≥84th percentile of 
depression subscale 

> 90th percentile of YSR 
depression subscale 

Anxiety YSR N/A (0-26) 
Anxious/ 
depressed 
subscale 
(13 items) 

≥84th percentile of 
anxiety subscale 

> 90th percentile of YSR 
anxiety subscale 

NHANES Psychological 
distress 

N/A N/A N/A N/A N/A 

Depression DIS  DSM III 
criteria 

N/A Lifetime single episode of 
major depression OR 
recurrent major  

N/A 
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depression 

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

NSHD Psychological 
distress 

GHQ-28 N/A 0-28 ≥5 using standard binary 
coding 

>90th percentile on GHQ-
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 
distress 

ASR N/A   >90th percentile on 
depression subscale OR 
anxiety subscale 

Depression ASR N/A 0-28 T-scores ≥65 on 
depression subscale 

>90th percentile on 
depression subscale 

Anxiety ASR N/A 0-14 T-scores ≥65 on anxiety 
subscale 

>90th percentile on 
anxiety subscale 

Patch 2 Psychological 
distress 

N/A N/A N/A N/A N/A 

Depression SCIDI DSM-III-R 
criteria 

N/A Lifetime episode of major 
depression  

N/A 

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

Rotterdam Psychological 
distress 

CES-D/diagnosis N/A N/A Depression OR anxiety as 
characterised below 

N/A 

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, 
panic disorder, 
agoraphobia, social 
phobia, specific phobia) 

N/A 

SYS-P Psychological 
distress 

CES-D/anxiety 
questionnaire 

N/A N/A Depression OR anxiety as 
characterised below 

>90th percentile on CES-D 
OR anxiety 
squestionnaire 

Depression CES-D (12 item) N/A 12-48 ≥24 on CES-D >90th percentile on CES-D 

Anxiety 10 item anxiety 
questionnaire 

DSM 1-5 ≥4 on at least 2 items of 
the anxiety questionnaire 

>90th percentile on 
anxiety questionnaire 
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Whitehall 
II 

Psychological 
distress 

GHQ-30 N/A 0-30 ≥5 using standard binary 
coding 

>90th percentile on GHQ-
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 
distress 

CIS-R 0-37 Continuous scale of total CIS-R 

Depression CIS-R 0-21 Continuous scale of depression symptoms 
Anxiety CIS-R 0-4 Continuous scale of anxiety symptoms 

ALSPAC 
children 

Psychological 
distress 

CIS-R 0-57 Continuous scale of total CIS-R 

Depression CIS-R 0-21 Continuous scale of depression symptoms 

Anxiety CIS-R 0-8 Continuous scale of anxiety symptoms 

ALSPAC 
mothers 

Psychological 
distress 

N/A N/A N/A 

Depression EPDS 0-30 EPDS continuous 

Anxiety CCEI 0-16 CCEI continuous 

CaPS Psychological 
distress 

GHQ-30 0-90 Continuous of GHQ-30 (Likert scoring) 

Depression N/A N/A N/A 

Anxiety STAI 20-80 Continuous STAI (trait) 

ELSA Psychological 
distress 

N/A 
 

N/A N/A 

Depression CES-D  
(8 item) 

0-8 Continuous CES-D 

Anxiety N/A N/A N/A 

Generation 
Scotland 

Psychological 
distress 

GHQ-28 0-84 Continuous GHQ-28 (Likert scoring) 

Depression N/A N/A N/A 

Anxiety N/A N/A N/A 

HBCS Psychological 
distress 

N/A N/A N/A 

Depression CES-D 0-60 Continuous CES-D 
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Anxiety 
 

STAI 20-80 Continuous STAI (trait)  

Health 
2006 

Psychological 
distress 

SCL-90-R 0-4 Continuous sum of depression and anxiety 
subscales 

Depression SCL-90-R 0-4 Continuous depression subscale 

Anxiety SCL-90-R 0-4 Continuous anxiety subscale 

Health 
2008 

Psychological 
distress 

SCL-90-R 0-4 Continuous sum of depression and anxiety 
subscales 

Depression SCL-90-R 0-4 Continuous depression subscale 

Anxiety SCL-90-R 0-4 Continuous anxiety subscale 

HUNT Psychological 
distress 

HADS 0-42 Continuous HADS overall 

Depression HADS 0-21 Continuous depression subscale 

Anxiety HADS 0-21 Continuous anxiety subscale 

Inter99 Psychological 
distress 

SCL-90-R 0-4 Continuous sum of depression and anxiety 
subscales 

Depression SCL-90-R 0-4 Continuous depression subscale 

Anxiety SCL-90-R 0-4 Continuous anxiety subscale 

NFBC 1966 Psychological 
distress 

SCL-25 1-4 Continuous overall SCL-25 

Depression SCL-25 1-4 Continuous depression subscale 

Anxiety SCL-25 1-4 Continuous anxiety subscale 

NFBC 1986 Psychological 
distress 

YSR 0-40 Continuous average of 
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 
distress 

GHQ-28 0-84 Overall GHQ-28 (Likert scoring) 
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Depression N/A N/A N/A 

Anxiety N/A N/A N/A 

NTR Psychological 
distress 

ASR 0-42 Continuous average of depression and 
anxiety subscales 

Depression ASR 0-28 Continuous ASR   
Withdrawn/depressed subscale 

Anxiety ASR 0-14 Continuous ASR 
Anxious/ depressed subscale 

Rotterdam Psychological 
distress 

N/A N/A N/A 

Depression CES-D 0-60 Continuous CES-D 

Anxiety N/A N/A N/A 

SYS-P Psychological 
distress 

N/A N/A N/A 

Depression CES-D 12-48 Continuous CES-D 

Anxiety Anxiety questionnaire 1-5 Continuous anxiety scale 

Whitehall 
II 

Psychological 
distress 

GHQ-30 0-90 Continuous GHQ-30 (Likert scoring) 

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 distress1 Psychological distress2 Depressed1 Depressed2 Anxious1 Anxious2 

 
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 43.1 17.8 (17.6,17.9) 73 22.8 81 25.3 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 22.1 196 17.9 168 15.3 242 22.1 196 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 23.5 

      

 
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 distress1 Psychological distress2 Depressed1 Depressed2 Anxious1 Anxious2 

 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 22.1 

  

 
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 33.5 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 35.3 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 33.3 167 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 distress1 Psychological distress2 Depressed1 Depressed2 Anxious1 Anxious2 

 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 11.5 

 
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 45.3 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 12.5 

  
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 42.3 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 45.3 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 distress1 Psychological distress2 Depressed1 Depressed2 Anxious1 Anxious2 

 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 10.4 121 16.5 65 8.9 

 
Current 410 44.4 16 124 30.2 72 17.6 70 17.1 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 19.9 125 10.9 

NHANES Never 357 46.03 28 (22,34) 
     

7.33 

      

 
Former 119 50.03 32 (27,37) 

     
5.93 

      

 
Current 218 53.03 28 (23,34) 

     
9.43 

      

 
Total 694 49.03 29 (23,34) 

     
7.73 

      

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 10.7 

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 distress1 Psychological distress2 Depressed1 Depressed2 Anxious1 Anxious2 

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

Whitehall II 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 

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 

 

Study 
SNP Total 

Major 
homozygotes Heterozygotes 

Minor 
homozygotes MAF HWE p-value

1 

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
2 

0.48
2 

0.14
2 

0.38
2 

- 

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 II  rs16969968 2,844 1,269 1,270 305 0.33 0.64 
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Supplementary Figure S1. Age- and sex- adjusted association of smoking status with depression, anxiety and psychological distress (random 

effects meta-analysis) 

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, 
ALSPAC mothers: 2,754, BRHS: 984, BWHHS: 1,812, CaPS: 248, CHDS: 352, CoLaus: 853, ELSA: 1,786, FINRISK: 4,750, Generation Scotland: 3,990, GOYA females: 822, HBCS: 
642, Health2006: 1,242, Health2008: 269, HUNT:23,170, Inter99: 576, NFBC1966: 1,891,  NFBC1986: 733, NHANES: 357, NSHD: 1,068, NTR: 1,597, Rotterdam: 2,845, SYS-P: 
250, Whitehall II: 1,503. 

  

A B A 
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NOTE: Weights are from random effects analysis

Overall  (I-squared = 65.4%, p = 0.000)

HUNT

NFBC1966

CoLaus

FINRISK

ALSPAC Children

Rotterdam

SYS-P

Health2006

ALSPAC Mothers

NFBC1986

NTR

Study

Health2008

BRHS

BWHHS

ELSA

Inter99

1958 BC

NHANES

15,917

1,395

581

2,283

320

1,044

260

574

1,097

364

441

N

61

396

311

629

529

1,223

216

1.028 (1.018, 1.039)

1.045 (1.037, 1.053)

1.040 (1.018, 1.062)

1.011 (0.981, 1.041)

1.047 (1.031, 1.064)

1.054 (1.003, 1.109)

1.000 (0.987, 1.013)

1.002 (0.946, 1.062)

1.026 (0.992, 1.061)

1.035 (1.013, 1.057)

1.010 (0.959, 1.065)

1.061 (1.024, 1.098)

ES (95% CI)

1.014 (0.916, 1.123)

0.998 (0.961, 1.036)

1.027 (0.988, 1.068)

1.021 (0.995, 1.048)

1.008 (0.981, 1.035)

1.040 (1.019, 1.061)

1.031 (0.987, 1.077)

1.028 (1.018, 1.039)

1.045 (1.037, 1.053)

1.040 (1.018, 1.062)

1.011 (0.981, 1.041)

1.047 (1.031, 1.064)

1.054 (1.003, 1.109)

1.000 (0.987, 1.013)

1.002 (0.946, 1.062)

1.026 (0.992, 1.061)

1.035 (1.013, 1.057)

1.010 (0.959, 1.065)

1.061 (1.024, 1.098)

ES (95% CI)

1.014 (0.916, 1.123)

0.998 (0.961, 1.036)

1.027 (0.988, 1.068)

1.021 (0.995, 1.048)

1.008 (0.981, 1.035)

1.040 (1.019, 1.061)

1.031 (0.987, 1.077)

  
1.5 2

OR per CPD

Cigarettes per day and depression

NOTE: Weights are from random effects analysis

Overall  (I-squared = 53.3%, p = 0.009)

NTR

SYS-P

ALSPAC Mothers

ELSA

Health2008

ALSPAC Children

NFBC1966

Health2006

Rotterdam

NFBC1986

CoLaus

HUNT

Inter99

1958 BC

Study

441

260

1,097

629

107

320

1,395

574

1,044

364

581

15,917

529

1,223

N

1.028 (1.018, 1.038)

1.059 (1.023, 1.097)

1.004 (0.967, 1.043)

1.028 (1.008, 1.048)

1.062 (1.021, 1.104)

0.976 (0.876, 1.088)

1.034 (0.983, 1.087)

1.046 (1.021, 1.072)

1.035 (0.999, 1.072)

1.008 (0.995, 1.021)

1.011 (0.964, 1.059)

1.016 (0.992, 1.041)

1.038 (1.031, 1.046)

1.014 (0.987, 1.042)

1.027 (1.003, 1.052)

ES (95% CI)

1.028 (1.018, 1.038)

1.059 (1.023, 1.097)

1.004 (0.967, 1.043)

1.028 (1.008, 1.048)

1.062 (1.021, 1.104)

0.976 (0.876, 1.088)

1.034 (0.983, 1.087)

1.046 (1.021, 1.072)

1.035 (0.999, 1.072)

1.008 (0.995, 1.021)

1.011 (0.964, 1.059)

1.016 (0.992, 1.041)

1.038 (1.031, 1.046)

1.014 (0.987, 1.042)

1.027 (1.003, 1.052)

ES (95% CI)

  
1.5 2

OR per CPD

Cigarettes per day and anxiety

NOTE: Weights are from random effects analysis

Overall  (I-squared = 57.0%, p = 0.003)

Whitehall II

NFBC1966

ALSPAC Children

Rotterdam

NSHD

ELSA

NFBC1986

Study

Health2006

HUNT

NTR

Health2008

SYS-P

ALSPAC Mothers

Inter99

1958 BC

CoLaus

371

1,395

320

1,044

610

629

364

N

574

15,917

441

107

260

1,097

529

1,223

581

1.024 (1.016, 1.032)

1.025 (1.002, 1.049)

1.044 (1.024, 1.065)

1.038 (0.992, 1.087)

1.005 (0.994, 1.016)

1.008 (0.988, 1.028)

1.027 (1.003, 1.052)

1.007 (0.963, 1.052)

ES (95% CI)

1.028 (0.997, 1.060)

1.036 (1.030, 1.043)

1.042 (1.010, 1.075)

0.997 (0.917, 1.084)

1.009 (0.970, 1.049)

1.031 (1.012, 1.050)

1.012 (0.988, 1.037)

1.032 (1.014, 1.051)

1.015 (0.995, 1.036)

1.024 (1.016, 1.032)

1.025 (1.002, 1.049)

1.044 (1.024, 1.065)

1.038 (0.992, 1.087)

1.005 (0.994, 1.016)

1.008 (0.988, 1.028)

1.027 (1.003, 1.052)

1.007 (0.963, 1.052)

ES (95% CI)

1.028 (0.997, 1.060)

1.036 (1.030, 1.043)

1.042 (1.010, 1.075)

0.997 (0.917, 1.084)

1.009 (0.970, 1.049)

1.031 (1.012, 1.050)

1.012 (0.988, 1.037)

1.032 (1.014, 1.051)

1.015 (0.995, 1.036)

  
1.5 2

OR per CPD

Cigarettes per day and psychological distress

Supplementary Figure S2. Age- and sex- adjusted association of smoking heaviness with depression, anxiety and psychological distress 

(random effects meta-analysis) 

CPD: cigarettes per day. N for depression analysis= 27,641 N for anxiety analysis=24,481, N for psychological distress analysis= 25,462 
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Never N= 55,357
1958 BC
ALSPAC Children
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NHANES
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.869)

Former N= 35,121
1958 BC
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.819)

Current N= 30,621
1958 BC
ALSPAC Children
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.473)

Ever N= 65,012
1958 BC
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 15.8%, p = 0.253)

Study

2,359
1,323
2,754
984
1,812
352
853
1,786
4,750
3,990
822
642
1,242
269
23,170
576
1,891
733
357
1,597
2,845
250

1,451
1,330
1,568
1,015
164
651
2,561
3,412
2,493
115
488
942
209
13,619
388
609
119
982
100
2,531
374

1,223
320
1,097
410
323
181
581
829
2,404
1,002
177
312
574
107
16,500
529
1,419
410
218
469
132
1,144
260

2,674
2,427
1,978
1,338
345
1,232
3,390
5,816
3,495
292
800
1,516
316
30,119
917
2,028
337
1,451
232
3,675
634

N

1.054 (0.835, 1.329)
0.987 (0.685, 1.424)
0.959 (0.792, 1.161)
0.865 (0.605, 1.236)
1.138 (0.944, 1.372)
1.046 (0.630, 1.736)
0.842 (0.550, 1.287)
1.070 (0.853, 1.341)
1.006 (0.840, 1.205)
1.059 (0.923, 1.216)
1.161 (0.741, 1.820)
1.183 (0.872, 1.604)
1.137 (0.829, 1.558)
1.236 (0.632, 2.418)
0.998 (0.931, 1.069)
1.463 (0.908, 2.359)
1.073 (0.860, 1.339)
0.864 (0.633, 1.180)
1.202 (0.600, 2.406)
1.008 (0.753, 1.349)
0.919 (0.763, 1.107)
0.544 (0.261, 1.134)
1.016 (0.973, 1.062)

1.325 (0.971, 1.809)
1.004 (0.783, 1.289)
1.043 (0.803, 1.354)
0.876 (0.685, 1.120)
0.953 (0.473, 1.922)
0.998 (0.608, 1.640)
0.988 (0.826, 1.183)
0.961 (0.791, 1.167)
1.018 (0.860, 1.206)
1.831 (0.758, 4.427)
0.754 (0.508, 1.119)
0.817 (0.573, 1.167)
0.716 (0.355, 1.445)
1.038 (0.959, 1.123)
1.103 (0.643, 1.892)
0.883 (0.613, 1.271)
1.695 (0.274, 10.477)
0.915 (0.643, 1.301)
1.236 (0.710, 2.150)
0.891 (0.724, 1.097)
1.026 (0.510, 2.063)
1.000 (0.950, 1.053)

0.962 (0.741, 1.248)
0.846 (0.519, 1.380)
0.892 (0.705, 1.127)
1.309 (0.844, 2.031)
0.781 (0.523, 1.168)
1.457 (0.791, 2.683)
0.851 (0.522, 1.387)
1.005 (0.777, 1.299)
1.003 (0.831, 1.209)
1.111 (0.899, 1.374)
1.017 (0.520, 1.986)
0.645 (0.420, 0.988)
0.800 (0.541, 1.182)
0.797 (0.279, 2.280)
1.021 (0.954, 1.094)
1.129 (0.780, 1.633)
1.091 (0.889, 1.339)
0.697 (0.455, 1.068)
1.023 (0.538, 1.947)
0.721 (0.464, 1.122)
1.519 (0.875, 2.637)
1.006 (0.781, 1.296)
0.788 (0.425, 1.461)
1.000 (0.952, 1.050)

1.119 (0.918, 1.365)
0.949 (0.800, 1.125)
1.106 (0.884, 1.384)
0.858 (0.696, 1.057)
1.219 (0.772, 1.925)
0.923 (0.651, 1.308)
1.007 (0.870, 1.166)
0.988 (0.864, 1.130)
1.053 (0.923, 1.200)
1.240 (0.730, 2.104)
0.702 (0.527, 0.936)
0.817 (0.629, 1.062)
0.742 (0.416, 1.324)
1.034 (0.982, 1.089)
1.127 (0.833, 1.524)
1.038 (0.869, 1.241)
1.222 (0.737, 2.026)
0.841 (0.640, 1.107)
1.403 (0.953, 2.064)
0.940 (0.801, 1.102)
0.887 (0.564, 1.396)
1.010 (0.975, 1.047)

ES (95% CI)

1.054 (0.835, 1.329)
0.987 (0.685, 1.424)
0.959 (0.792, 1.161)
0.865 (0.605, 1.236)
1.138 (0.944, 1.372)
1.046 (0.630, 1.736)
0.842 (0.550, 1.287)
1.070 (0.853, 1.341)
1.006 (0.840, 1.205)
1.059 (0.923, 1.216)
1.161 (0.741, 1.820)
1.183 (0.872, 1.604)
1.137 (0.829, 1.558)
1.236 (0.632, 2.418)
0.998 (0.931, 1.069)
1.463 (0.908, 2.359)
1.073 (0.860, 1.339)
0.864 (0.633, 1.180)
1.202 (0.600, 2.406)
1.008 (0.753, 1.349)
0.919 (0.763, 1.107)
0.544 (0.261, 1.134)
1.016 (0.973, 1.062)

1.325 (0.971, 1.809)
1.004 (0.783, 1.289)
1.043 (0.803, 1.354)
0.876 (0.685, 1.120)
0.953 (0.473, 1.922)
0.998 (0.608, 1.640)
0.988 (0.826, 1.183)
0.961 (0.791, 1.167)
1.018 (0.860, 1.206)
1.831 (0.758, 4.427)
0.754 (0.508, 1.119)
0.817 (0.573, 1.167)
0.716 (0.355, 1.445)
1.038 (0.959, 1.123)
1.103 (0.643, 1.892)
0.883 (0.613, 1.271)
1.695 (0.274, 10.477)
0.915 (0.643, 1.301)
1.236 (0.710, 2.150)
0.891 (0.724, 1.097)
1.026 (0.510, 2.063)
1.000 (0.950, 1.053)

0.962 (0.741, 1.248)
0.846 (0.519, 1.380)
0.892 (0.705, 1.127)
1.309 (0.844, 2.031)
0.781 (0.523, 1.168)
1.457 (0.791, 2.683)
0.851 (0.522, 1.387)
1.005 (0.777, 1.299)
1.003 (0.831, 1.209)
1.111 (0.899, 1.374)
1.017 (0.520, 1.986)
0.645 (0.420, 0.988)
0.800 (0.541, 1.182)
0.797 (0.279, 2.280)
1.021 (0.954, 1.094)
1.129 (0.780, 1.633)
1.091 (0.889, 1.339)
0.697 (0.455, 1.068)
1.023 (0.538, 1.947)
0.721 (0.464, 1.122)
1.519 (0.875, 2.637)
1.006 (0.781, 1.296)
0.788 (0.425, 1.461)
1.000 (0.952, 1.050)

1.119 (0.918, 1.365)
0.949 (0.800, 1.125)
1.106 (0.884, 1.384)
0.858 (0.696, 1.057)
1.219 (0.772, 1.925)
0.923 (0.651, 1.308)
1.007 (0.870, 1.166)
0.988 (0.864, 1.130)
1.053 (0.923, 1.200)
1.240 (0.730, 2.104)
0.702 (0.527, 0.936)
0.817 (0.629, 1.062)
0.742 (0.416, 1.324)
1.034 (0.982, 1.089)
1.127 (0.833, 1.524)
1.038 (0.869, 1.241)
1.222 (0.737, 2.026)
0.841 (0.640, 1.107)
1.403 (0.953, 2.064)
0.940 (0.801, 1.102)
0.887 (0.564, 1.396)
1.010 (0.975, 1.047)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Depression

Never N= 43,712
1958 BC
ALSPAC Children
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.677)

Former N= 26,898
1958 BC
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.528)

Current N= 26,513
1958 BC
ALSPAC Children
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.981)

Ever N= 52,681
1958 BC
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 6.0%, p = 0.385)

Study

2,359
1,323
2754
248
352
853
1,786
822
642
1242
269
23170
576
1,891
733
1597
2845
250

1,451
1,330
484
164
651
2,561
115
488
942
209
13619
388
609
982
2531
374

1,223
320
1,097
381
181
581
829
177
312
574
107
16,500
529
1,419
410
469
1144
260

2,674
2,427
865
345
1,232
3,390
292
800
1516
316
30,119
917
2,028
1451
3675
634

N

1.063 (0.836, 1.352)
1.150 (0.862, 1.535)
1.040 (0.873, 1.239)
0.999 (0.531, 1.878)
1.563 (0.919, 2.657)
0.862 (0.555, 1.339)
1.001 (0.718, 1.394)
1.318 (0.661, 2.631)
1.036 (0.698, 1.537)
1.011 (0.722, 1.415)
1.745 (0.809, 3.765)
1.052 (0.993, 1.113)
1.600 (0.962, 2.663)
1.169 (0.871, 1.568)
1.276 (0.928, 1.753)
0.924 (0.683, 1.250)
0.891 (0.730, 1.088)
0.873 (0.499, 1.528)
1.052 (1.005, 1.101)

1.117 (0.805, 1.549)
1.025 (0.818, 1.285)
1.096 (0.675, 1.780)
1.827 (0.900, 3.706)
0.827 (0.546, 1.252)
1.060 (0.780, 1.441)
1.606 (0.438, 5.881)
0.672 (0.398, 1.136)
0.754 (0.535, 1.062)
0.783 (0.384, 1.596)
1.061 (0.988, 1.139)
0.838 (0.476, 1.474)
0.848 (0.535, 1.344)
0.889 (0.621, 1.272)
0.933 (0.750, 1.161)
1.098 (0.622, 1.938)
1.023 (0.966, 1.083)

1.100 (0.819, 1.478)
1.003 (0.626, 1.607)
0.968 (0.781, 1.199)
0.880 (0.553, 1.401)
1.097 (0.616, 1.952)
0.813 (0.537, 1.233)
1.371 (0.906, 2.077)
0.616 (0.121, 3.128)
0.775 (0.441, 1.360)
0.910 (0.608, 1.361)
0.750 (0.225, 2.498)
1.025 (0.969, 1.085)
1.048 (0.714, 1.539)
1.079 (0.847, 1.374)
0.985 (0.688, 1.411)
0.853 (0.555, 1.310)
1.055 (0.779, 1.427)
1.188 (0.701, 2.014)
1.020 (0.972, 1.071)

1.123 (0.903, 1.397)
1.000 (0.857, 1.168)
0.982 (0.703, 1.373)
1.354 (0.872, 2.102)
0.822 (0.613, 1.103)
1.168 (0.914, 1.492)
1.034 (0.383, 2.798)
0.704 (0.481, 1.030)
0.815 (0.629, 1.057)
0.762 (0.415, 1.400)
1.045 (1.000, 1.092)
0.991 (0.724, 1.358)
1.029 (0.831, 1.275)
0.876 (0.666, 1.152)
0.972 (0.814, 1.160)
1.146 (0.776, 1.690)
1.027 (0.989, 1.066)

ES (95% CI)

1.063 (0.836, 1.352)
1.150 (0.862, 1.535)
1.040 (0.873, 1.239)
0.999 (0.531, 1.878)
1.563 (0.919, 2.657)
0.862 (0.555, 1.339)
1.001 (0.718, 1.394)
1.318 (0.661, 2.631)
1.036 (0.698, 1.537)
1.011 (0.722, 1.415)
1.745 (0.809, 3.765)
1.052 (0.993, 1.113)
1.600 (0.962, 2.663)
1.169 (0.871, 1.568)
1.276 (0.928, 1.753)
0.924 (0.683, 1.250)
0.891 (0.730, 1.088)
0.873 (0.499, 1.528)
1.052 (1.005, 1.101)

1.117 (0.805, 1.549)
1.025 (0.818, 1.285)
1.096 (0.675, 1.780)
1.827 (0.900, 3.706)
0.827 (0.546, 1.252)
1.060 (0.780, 1.441)
1.606 (0.438, 5.881)
0.672 (0.398, 1.136)
0.754 (0.535, 1.062)
0.783 (0.384, 1.596)
1.061 (0.988, 1.139)
0.838 (0.476, 1.474)
0.848 (0.535, 1.344)
0.889 (0.621, 1.272)
0.933 (0.750, 1.161)
1.098 (0.622, 1.938)
1.023 (0.966, 1.083)

1.100 (0.819, 1.478)
1.003 (0.626, 1.607)
0.968 (0.781, 1.199)
0.880 (0.553, 1.401)
1.097 (0.616, 1.952)
0.813 (0.537, 1.233)
1.371 (0.906, 2.077)
0.616 (0.121, 3.128)
0.775 (0.441, 1.360)
0.910 (0.608, 1.361)
0.750 (0.225, 2.498)
1.025 (0.969, 1.085)
1.048 (0.714, 1.539)
1.079 (0.847, 1.374)
0.985 (0.688, 1.411)
0.853 (0.555, 1.310)
1.055 (0.779, 1.427)
1.188 (0.701, 2.014)
1.020 (0.972, 1.071)

1.123 (0.903, 1.397)
1.000 (0.857, 1.168)
0.982 (0.703, 1.373)
1.354 (0.872, 2.102)
0.822 (0.613, 1.103)
1.168 (0.914, 1.492)
1.034 (0.383, 2.798)
0.704 (0.481, 1.030)
0.815 (0.629, 1.057)
0.762 (0.415, 1.400)
1.045 (1.000, 1.092)
0.991 (0.724, 1.358)
1.029 (0.831, 1.275)
0.876 (0.666, 1.152)
0.972 (0.814, 1.160)
1.146 (0.776, 1.690)
1.027 (0.989, 1.066)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Anxiety
Never N= 50,273
1958 BC
ALSPAC Children
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.833)

Former N= 31,214
1958 BC
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.642)

Current N= 28,541
1958 BC
ALSPAC Children
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.628)

Ever N= 59,025
1958 BC
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 23.8%, p = 0.168)

Study

2,359
1,323
2,754
248
352
853
1,786
3990
822
642
1,242
269
23,170
576
1,891
733
1,068
1,597
2,845
250
1,503

1,451
1,330
484
164
651
2,561
2493
115
488
942
209
13,619
388
609
893
982
2,531
374
930

1,223
320
1,097
381
181
581
829
1002
177
312
574
107
16,500
529
1,419
410
615
469
1,144
260
411

2,674
2,427
865
345
1,232
3,390
3,495
292
800
1,516
316
30,119
917
2,028
1,508
1,451
3,675
634
1,341

N

1.039 (0.855, 1.263)
1.080 (0.837, 1.394)
1.043 (0.889, 1.225)
0.940 (0.560, 1.577)
1.203 (0.790, 1.832)
0.884 (0.641, 1.219)
1.035 (0.846, 1.266)
0.977 (0.871, 1.095)
1.146 (0.768, 1.712)
1.120 (0.843, 1.488)
1.059 (0.802, 1.398)
1.171 (0.631, 2.172)
1.039 (0.987, 1.093)
1.473 (0.948, 2.288)
1.106 (0.901, 1.358)
0.959 (0.728, 1.265)
0.911 (0.719, 1.156)
0.953 (0.743, 1.222)
0.942 (0.806, 1.101)
0.721 (0.445, 1.169)
1.182 (0.997, 1.401)
1.031 (0.995, 1.069)

1.244 (0.963, 1.607)
0.987 (0.800, 1.218)
0.975 (0.683, 1.392)
1.462 (0.821, 2.606)
0.848 (0.599, 1.200)
1.013 (0.858, 1.195)
1.001 (0.864, 1.159)
1.736 (0.769, 3.917)
0.782 (0.548, 1.115)
0.827 (0.616, 1.111)
0.780 (0.409, 1.485)
1.021 (0.959, 1.087)
1.021 (0.630, 1.653)
0.926 (0.662, 1.294)
1.146 (0.878, 1.494)
0.850 (0.630, 1.148)
0.920 (0.776, 1.091)
1.105 (0.677, 1.803)
1.071 (0.856, 1.340)
1.006 (0.963, 1.051)

1.005 (0.801, 1.261)
1.095 (0.721, 1.662)
0.964 (0.787, 1.181)
0.933 (0.667, 1.305)
1.302 (0.768, 2.208)
0.839 (0.597, 1.179)
1.082 (0.850, 1.376)
1.131 (0.924, 1.384)
0.947 (0.488, 1.838)
0.667 (0.444, 1.001)
0.882 (0.622, 1.249)
0.909 (0.375, 2.202)
1.029 (0.976, 1.084)
1.205 (0.869, 1.672)
1.055 (0.871, 1.278)
0.889 (0.631, 1.253)
0.896 (0.660, 1.216)
0.733 (0.501, 1.073)
1.035 (0.824, 1.300)
0.936 (0.585, 1.499)
1.359 (0.972, 1.901)
1.020 (0.978, 1.062)

1.124 (0.949, 1.331)
0.981 (0.849, 1.134)
0.958 (0.751, 1.222)
1.386 (0.942, 2.041)
0.847 (0.665, 1.080)
1.048 (0.915, 1.200)
1.044 (0.928, 1.175)
1.168 (0.703, 1.941)
0.728 (0.558, 0.950)
0.851 (0.680, 1.065)
0.804 (0.481, 1.343)
1.030 (0.990, 1.073)
1.153 (0.882, 1.506)
1.023 (0.867, 1.208)
1.034 (0.847, 1.263)
0.810 (0.641, 1.024)
0.962 (0.839, 1.102)
1.021 (0.725, 1.438)
1.149 (0.954, 1.383)
1.018 (0.988, 1.050)

ES (95% CI)

1.039 (0.855, 1.263)
1.080 (0.837, 1.394)
1.043 (0.889, 1.225)
0.940 (0.560, 1.577)
1.203 (0.790, 1.832)
0.884 (0.641, 1.219)
1.035 (0.846, 1.266)
0.977 (0.871, 1.095)
1.146 (0.768, 1.712)
1.120 (0.843, 1.488)
1.059 (0.802, 1.398)
1.171 (0.631, 2.172)
1.039 (0.987, 1.093)
1.473 (0.948, 2.288)
1.106 (0.901, 1.358)
0.959 (0.728, 1.265)
0.911 (0.719, 1.156)
0.953 (0.743, 1.222)
0.942 (0.806, 1.101)
0.721 (0.445, 1.169)
1.182 (0.997, 1.401)
1.031 (0.995, 1.069)

1.244 (0.963, 1.607)
0.987 (0.800, 1.218)
0.975 (0.683, 1.392)
1.462 (0.821, 2.606)
0.848 (0.599, 1.200)
1.013 (0.858, 1.195)
1.001 (0.864, 1.159)
1.736 (0.769, 3.917)
0.782 (0.548, 1.115)
0.827 (0.616, 1.111)
0.780 (0.409, 1.485)
1.021 (0.959, 1.087)
1.021 (0.630, 1.653)
0.926 (0.662, 1.294)
1.146 (0.878, 1.494)
0.850 (0.630, 1.148)
0.920 (0.776, 1.091)
1.105 (0.677, 1.803)
1.071 (0.856, 1.340)
1.006 (0.963, 1.051)

1.005 (0.801, 1.261)
1.095 (0.721, 1.662)
0.964 (0.787, 1.181)
0.933 (0.667, 1.305)
1.302 (0.768, 2.208)
0.839 (0.597, 1.179)
1.082 (0.850, 1.376)
1.131 (0.924, 1.384)
0.947 (0.488, 1.838)
0.667 (0.444, 1.001)
0.882 (0.622, 1.249)
0.909 (0.375, 2.202)
1.029 (0.976, 1.084)
1.205 (0.869, 1.672)
1.055 (0.871, 1.278)
0.889 (0.631, 1.253)
0.896 (0.660, 1.216)
0.733 (0.501, 1.073)
1.035 (0.824, 1.300)
0.936 (0.585, 1.499)
1.359 (0.972, 1.901)
1.020 (0.978, 1.062)

1.124 (0.949, 1.331)
0.981 (0.849, 1.134)
0.958 (0.751, 1.222)
1.386 (0.942, 2.041)
0.847 (0.665, 1.080)
1.048 (0.915, 1.200)
1.044 (0.928, 1.175)
1.168 (0.703, 1.941)
0.728 (0.558, 0.950)
0.851 (0.680, 1.065)
0.804 (0.481, 1.343)
1.030 (0.990, 1.073)
1.153 (0.882, 1.506)
1.023 (0.867, 1.208)
1.034 (0.847, 1.263)
0.810 (0.641, 1.024)
0.962 (0.839, 1.102)
1.021 (0.725, 1.438)
1.149 (0.954, 1.383)
1.018 (0.988, 1.050)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Psychological Distress

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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Never, N=41,114

1958BC
ALSPAC Children

ALSPAC Mothers

ELSA

HBCS

Health2006
Health2008

HUNT

Inter99

NFBC1966
NFBC1986

NTR

Rotterdam

SYS-P
Subtotal  (I-squared = 22.3%, p = 0.211)

Former, N=25,484

1958BC

ALSPAC Mothers
ELSA

HBCS

Health2006

Health2008
HUNT

Inter99

NFBC1966

NTR
Rotterdam

SYS-P

Subtotal  (I-squared = 23.9%, p = 0.209)

Current, N=25,516
1958BC

ALSPAC Children

ALSPAC Mothers

ELSA
HBCS

Health2006

Health2008

HUNT
Inter99

NFBC1966

NFBC1986

NTR

Rotterdam
SYS-P

Subtotal  (I-squared = 0.0%, p = 0.679)

Ever, N=49,947
1958BC

ALSPAC Mothers

ELSA

HBCS

Health2006
Health2008

HUNT

Inter99

NFBC1966
NTR

Rotterdam

SYS-P

Subtotal  (I-squared = 41.0%, p = 0.068)

Study

2,359
1,323

2,754

1,786

642

1,242
269

23,170

576

1,891
410

1,597

2,845

250

1,451

1,330
2,561

488

942

209
13,619

388

609

982
2,531

374

1,223

320

1,097

829
312

574

107

16,500
529

1,419

733

469

1,144
260

2,674

2,427

3,390

800

1,516
316

30,119

917

2,028
1,451

3,675

634

n

0.02 (-0.03, 0.08)
0.05 (-0.02, 0.12)

-0.01 (-0.07, 0.04)

-0.00 (-0.07, 0.06)

0.10 (-0.02, 0.22)

-0.01 (-0.09, 0.06)
0.10 (-0.06, 0.26)

-0.00 (-0.02, 0.02)

0.09 (-0.02, 0.19)

-0.01 (-0.08, 0.05)
-0.14 (-0.28, 0.01)

-0.03 (-0.10, 0.04)

-0.02 (-0.07, 0.03)

-0.12 (-0.27, 0.03)
-0.00 (-0.01, 0.01)

0.05 (-0.02, 0.12)

-0.02 (-0.11, 0.06)
0.00 (-0.05, 0.06)

-0.07 (-0.19, 0.05)

-0.09 (-0.18, 0.01)

-0.02 (-0.25, 0.21)
0.01 (-0.01, 0.04)

-0.09 (-0.22, 0.04)

-0.01 (-0.13, 0.11)

-0.06 (-0.16, 0.03)
-0.05 (-0.10, 0.01)

0.00 (-0.13, 0.13)

-0.01 (-0.02, 0.01)

0.02 (-0.08, 0.11)

-0.10 (-0.31, 0.11)

-0.05 (-0.15, 0.05)

0.00 (-0.11, 0.12)
-0.10 (-0.28, 0.08)

-0.07 (-0.20, 0.06)

-0.01 (-0.29, 0.27)

-0.01 (-0.03, 0.02)
0.09 (-0.06, 0.23)

-0.00 (-0.09, 0.08)

-0.01 (-0.12, 0.10)

-0.16 (-0.31, -0.01)

-0.06 (-0.16, 0.04)
0.01 (-0.18, 0.21)

-0.01 (-0.03, 0.01)

0.04 (-0.01, 0.10)

-0.03 (-0.10, 0.03)

0.01 (-0.04, 0.06)

-0.09 (-0.19, 0.02)

-0.08 (-0.16, -0.00)
-0.02 (-0.20, 0.16)

0.00 (-0.01, 0.02)

0.01 (-0.09, 0.11)

-0.00 (-0.07, 0.06)
-0.09 (-0.17, -0.01)

-0.05 (-0.10, 0.00)

0.01 (-0.11, 0.13)

-0.01 (-0.02, 0.01)

ES (95% CI)

0.02 (-0.03, 0.08)
0.05 (-0.02, 0.12)

-0.01 (-0.07, 0.04)

-0.00 (-0.07, 0.06)

0.10 (-0.02, 0.22)

-0.01 (-0.09, 0.06)
0.10 (-0.06, 0.26)

-0.00 (-0.02, 0.02)

0.09 (-0.02, 0.19)

-0.01 (-0.08, 0.05)
-0.14 (-0.28, 0.01)

-0.03 (-0.10, 0.04)

-0.02 (-0.07, 0.03)

-0.12 (-0.27, 0.03)
-0.00 (-0.01, 0.01)

0.05 (-0.02, 0.12)

-0.02 (-0.11, 0.06)
0.00 (-0.05, 0.06)

-0.07 (-0.19, 0.05)

-0.09 (-0.18, 0.01)

-0.02 (-0.25, 0.21)
0.01 (-0.01, 0.04)

-0.09 (-0.22, 0.04)

-0.01 (-0.13, 0.11)

-0.06 (-0.16, 0.03)
-0.05 (-0.10, 0.01)

0.00 (-0.13, 0.13)

-0.01 (-0.02, 0.01)

0.02 (-0.08, 0.11)

-0.10 (-0.31, 0.11)

-0.05 (-0.15, 0.05)

0.00 (-0.11, 0.12)
-0.10 (-0.28, 0.08)

-0.07 (-0.20, 0.06)

-0.01 (-0.29, 0.27)

-0.01 (-0.03, 0.02)
0.09 (-0.06, 0.23)

-0.00 (-0.09, 0.08)

-0.01 (-0.12, 0.10)

-0.16 (-0.31, -0.01)

-0.06 (-0.16, 0.04)
0.01 (-0.18, 0.21)

-0.01 (-0.03, 0.01)

0.04 (-0.01, 0.10)

-0.03 (-0.10, 0.03)

0.01 (-0.04, 0.06)

-0.09 (-0.19, 0.02)

-0.08 (-0.16, -0.00)
-0.02 (-0.20, 0.16)

0.00 (-0.01, 0.02)

0.01 (-0.09, 0.11)

-0.00 (-0.07, 0.06)
-0.09 (-0.17, -0.01)

-0.05 (-0.10, 0.00)

0.01 (-0.11, 0.13)

-0.01 (-0.02, 0.01)

ES (95% CI)

  
0-.2 .2

SD change per minor allele

MR Depression

Never, N=36,731
1958BC
ALSPAC Children
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NTR
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.668)

Former, N=20,876
1958BC
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NTR
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.645)

Current, N=23,924
1958BC
ALSPAC Children
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
NTR
SYS-P
Subtotal  (I-squared = 21.7%, p = 0.224)

Ever, N=43,747
1958BC
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC1966
NTR
SYS-P
Subtotal  (I-squared = 39.8%, p = 0.083)

Study

2,359
1,323
2,754
248
642
1,242
269
23,170
576
1,891
410
1,597
250

1,451
1,330
484
488
942
209
13,619
388
609
982
374

1,223
320
1,097
381
312
574
107
16,500
529
1,419
733
469
260

2,674
2,427
865
800
1,516
316
30,119
917
2,028
1,451
634

n

0.02 (-0.04, 0.08)
0.09 (0.02, 0.17)
0.02 (-0.04, 0.07)
0.09 (-0.11, 0.29)
-0.01 (-0.13, 0.10)
0.01 (-0.07, 0.08)
-0.01 (-0.16, 0.14)
0.01 (-0.01, 0.03)
0.06 (-0.05, 0.16)
0.00 (-0.06, 0.07)
-0.08 (-0.23, 0.07)
-0.01 (-0.08, 0.07)
-0.10 (-0.26, 0.06)
0.01 (-0.00, 0.03)

0.02 (-0.05, 0.09)
-0.04 (-0.12, 0.04)
-0.01 (-0.14, 0.12)
-0.08 (-0.20, 0.05)
-0.07 (-0.16, 0.02)
-0.09 (-0.35, 0.17)
0.01 (-0.01, 0.04)
-0.05 (-0.19, 0.09)
-0.02 (-0.14, 0.09)
-0.04 (-0.13, 0.05)
-0.01 (-0.15, 0.13)
-0.00 (-0.02, 0.02)

0.04 (-0.05, 0.13)
-0.09 (-0.29, 0.11)
-0.05 (-0.15, 0.05)
0.03 (-0.13, 0.18)
-0.14 (-0.32, 0.03)
-0.07 (-0.22, 0.07)
0.08 (-0.14, 0.31)
0.00 (-0.02, 0.03)
0.07 (-0.07, 0.22)
-0.04 (-0.13, 0.04)
0.07 (-0.03, 0.17)
-0.16 (-0.31, -0.01)
0.04 (-0.13, 0.21)
-0.00 (-0.02, 0.02)

0.03 (-0.02, 0.09)
-0.04 (-0.10, 0.02)
0.01 (-0.09, 0.11)
-0.11 (-0.21, -0.01)
-0.07 (-0.15, 0.01)
-0.03 (-0.22, 0.16)
0.01 (-0.01, 0.03)
0.02 (-0.08, 0.13)
-0.03 (-0.10, 0.03)
-0.08 (-0.16, -0.00)
0.01 (-0.10, 0.12)
-0.00 (-0.02, 0.01)

ES (95% CI)

0.02 (-0.04, 0.08)
0.09 (0.02, 0.17)
0.02 (-0.04, 0.07)
0.09 (-0.11, 0.29)
-0.01 (-0.13, 0.10)
0.01 (-0.07, 0.08)
-0.01 (-0.16, 0.14)
0.01 (-0.01, 0.03)
0.06 (-0.05, 0.16)
0.00 (-0.06, 0.07)
-0.08 (-0.23, 0.07)
-0.01 (-0.08, 0.07)
-0.10 (-0.26, 0.06)
0.01 (-0.00, 0.03)

0.02 (-0.05, 0.09)
-0.04 (-0.12, 0.04)
-0.01 (-0.14, 0.12)
-0.08 (-0.20, 0.05)
-0.07 (-0.16, 0.02)
-0.09 (-0.35, 0.17)
0.01 (-0.01, 0.04)
-0.05 (-0.19, 0.09)
-0.02 (-0.14, 0.09)
-0.04 (-0.13, 0.05)
-0.01 (-0.15, 0.13)
-0.00 (-0.02, 0.02)

0.04 (-0.05, 0.13)
-0.09 (-0.29, 0.11)
-0.05 (-0.15, 0.05)
0.03 (-0.13, 0.18)
-0.14 (-0.32, 0.03)
-0.07 (-0.22, 0.07)
0.08 (-0.14, 0.31)
0.00 (-0.02, 0.03)
0.07 (-0.07, 0.22)
-0.04 (-0.13, 0.04)
0.07 (-0.03, 0.17)
-0.16 (-0.31, -0.01)
0.04 (-0.13, 0.21)
-0.00 (-0.02, 0.02)

0.03 (-0.02, 0.09)
-0.04 (-0.10, 0.02)
0.01 (-0.09, 0.11)
-0.11 (-0.21, -0.01)
-0.07 (-0.15, 0.01)
-0.03 (-0.22, 0.16)
0.01 (-0.01, 0.03)
0.02 (-0.08, 0.13)
-0.03 (-0.10, 0.03)
-0.08 (-0.16, -0.00)
0.01 (-0.10, 0.12)
-0.00 (-0.02, 0.01)

ES (95% CI)

  
0-.2 .2

SD change per minor allele

MR Anxiety

Supplementary Figure S4. Association of rs1051730/rs16969968 with continuous scales of depression, anxiety and psychological distress  

 

SD: standard deviation. Associations from linear regression, adjusted for age and sex. All symptom scales converted to z-scores. 

  

Never, N=40,219
1958BC
ALSPAC Children
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
MRC NSHD
NTR
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.607)

Former, N=23,374
1958BC
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC1966
MRC NSHD
NTR
SYS-P
Whitehall II
Subtotal  (I-squared = 9.6%, p = 0.352)

Current, N=24,220
1958BC
ALSPAC Children
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC1966
NFBC1986
MRC NSHD
NTR
SYS-P
Whitehall II
Subtotal  (I-squared = 22.5%, p = 0.210)

Ever, N=48,367
1958BC
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC1966
MRC NSHD
NTR
SYS-P
Whitehall II
Subtotal  (I-squared = 34.2%, p = 0.116)

Study

2,359
1,323
248
3,990
1,242
269
23,170
576
1,891
733
1,068
1,597
250
1,503

1,451
484
2,493
942
209
13,619
388
609
893
982
374
930

1,223
320
381
1,002
574
107
16,500
529
1,419
410
615
469
260
411

2,674
865
3,495
1,516
316
30,119
917
2,028
1,508
1,451
634
2,844

n

0.03 (-0.02, 0.09)
0.06 (-0.01, 0.14)
0.02 (-0.17, 0.21)
0.01 (-0.03, 0.05)
-0.01 (-0.08, 0.07)
0.06 (-0.10, 0.22)
0.01 (-0.01, 0.02)
0.08 (-0.03, 0.18)
-0.01 (-0.07, 0.06)
0.04 (-0.07, 0.15)
-0.03 (-0.11, 0.05)
-0.02 (-0.09, 0.05)
-0.13 (-0.28, 0.03)
0.04 (-0.03, 0.12)
0.01 (-0.00, 0.02)

0.04 (-0.03, 0.11)
0.01 (-0.12, 0.14)
-0.01 (-0.07, 0.04)
-0.08 (-0.18, 0.01)
-0.05 (-0.30, 0.20)
0.01 (-0.01, 0.04)
-0.08 (-0.21, 0.05)
-0.01 (-0.12, 0.11)
0.03 (-0.06, 0.13)
-0.06 (-0.15, 0.03)
-0.01 (-0.15, 0.14)
0.08 (-0.01, 0.17)
0.01 (-0.01, 0.03)

0.03 (-0.07, 0.12)
-0.09 (-0.30, 0.12)
0.03 (-0.12, 0.19)
0.12 (-0.01, 0.24)
-0.08 (-0.21, 0.06)
0.03 (-0.22, 0.28)
-0.00 (-0.03, 0.02)
0.09 (-0.06, 0.23)
-0.02 (-0.11, 0.06)
-0.12 (-0.27, 0.03)
-0.04 (-0.18, 0.10)
-0.17 (-0.32, -0.02)
0.03 (-0.15, 0.21)
0.10 (-0.06, 0.27)
-0.00 (-0.02, 0.02)

0.04 (-0.01, 0.10)
0.02 (-0.08, 0.12)
0.03 (-0.03, 0.08)
-0.08 (-0.16, -0.00)
-0.03 (-0.21, 0.16)
0.01 (-0.01, 0.02)
0.02 (-0.08, 0.12)
-0.01 (-0.08, 0.05)
0.01 (-0.07, 0.09)
-0.09 (-0.17, -0.01)
0.01 (-0.10, 0.13)
0.08 (-0.00, 0.16)
0.01 (-0.01, 0.02)

ES (95% CI)

0.03 (-0.02, 0.09)
0.06 (-0.01, 0.14)
0.02 (-0.17, 0.21)
0.01 (-0.03, 0.05)
-0.01 (-0.08, 0.07)
0.06 (-0.10, 0.22)
0.01 (-0.01, 0.02)
0.08 (-0.03, 0.18)
-0.01 (-0.07, 0.06)
0.04 (-0.07, 0.15)
-0.03 (-0.11, 0.05)
-0.02 (-0.09, 0.05)
-0.13 (-0.28, 0.03)
0.04 (-0.03, 0.12)
0.01 (-0.00, 0.02)

0.04 (-0.03, 0.11)
0.01 (-0.12, 0.14)
-0.01 (-0.07, 0.04)
-0.08 (-0.18, 0.01)
-0.05 (-0.30, 0.20)
0.01 (-0.01, 0.04)
-0.08 (-0.21, 0.05)
-0.01 (-0.12, 0.11)
0.03 (-0.06, 0.13)
-0.06 (-0.15, 0.03)
-0.01 (-0.15, 0.14)
0.08 (-0.01, 0.17)
0.01 (-0.01, 0.03)

0.03 (-0.07, 0.12)
-0.09 (-0.30, 0.12)
0.03 (-0.12, 0.19)
0.12 (-0.01, 0.24)
-0.08 (-0.21, 0.06)
0.03 (-0.22, 0.28)
-0.00 (-0.03, 0.02)
0.09 (-0.06, 0.23)
-0.02 (-0.11, 0.06)
-0.12 (-0.27, 0.03)
-0.04 (-0.18, 0.10)
-0.17 (-0.32, -0.02)
0.03 (-0.15, 0.21)
0.10 (-0.06, 0.27)
-0.00 (-0.02, 0.02)

0.04 (-0.01, 0.10)
0.02 (-0.08, 0.12)
0.03 (-0.03, 0.08)
-0.08 (-0.16, -0.00)
-0.03 (-0.21, 0.16)
0.01 (-0.01, 0.02)
0.02 (-0.08, 0.12)
-0.01 (-0.08, 0.05)
0.01 (-0.07, 0.09)
-0.09 (-0.17, -0.01)
0.01 (-0.10, 0.13)
0.08 (-0.00, 0.16)
0.01 (-0.01, 0.02)

ES (95% CI)

  
0-.2 .2

SD change per minor allele

MR Psychological Distress
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Never, N=37,090

1958BC
ALSPAC Children

ALSPAC Mothers

ELSA

HBCS

Health2006
Health2008

HUNT

Inter99

NFBC1966
NFBC1986

NTR

Rotterdam

SYS-P
Subtotal  (I-squared = 17.3%, p = 0.265)

Former, N=23,368

1958BC

ALSPAC Mothers
ELSA

HBCS

Health2006

Health2008
HUNT

Inter99

NFBC1966

NTR
Rotterdam

SYS-P

Subtotal  (I-squared = 30.2%, p = 0.151)

Current, N=21,965
1958BC

ALSPAC Children

ALSPAC Mothers

ELSA
HBCS

Health2006

Health2008

HUNT
Inter99

NFBC1966

NFBC1986

NTR

Rotterdam
SYS-P

Subtotal  (I-squared = 0.0%, p = 0.602)

Ever, N=44,280
1958BC

ALSPAC Mothers

ELSA

HBCS

Health2006
Health2008

HUNT

Inter99

NFBC1966
NTR

Rotterdam

SYS-P

Subtotal  (I-squared = 45.9%, p = 0.041)

Study

2,359
1,323

2,754

1,786

642

1,242
269

19,146

576

1,891
410

1,597

2,845

250

1,451

1,330
2,561

488

942

209
11,503

388

609

982
2,531

374

1,223

320

1,097

829
312

574

107

12,949
529

1,419

733

469

1,144
260

2,674

2,427

3,390

800

1,516
316

24,452

917

2,028
1,451

3,675

634

n

0.02 (-0.03, 0.08)
0.05 (-0.02, 0.12)

-0.01 (-0.07, 0.04)

-0.00 (-0.07, 0.06)

0.08 (-0.04, 0.19)

-0.01 (-0.09, 0.06)
0.10 (-0.06, 0.26)

0.01 (-0.01, 0.02)

0.09 (-0.02, 0.19)

-0.02 (-0.08, 0.05)
-0.13 (-0.28, 0.01)

-0.03 (-0.10, 0.04)

-0.02 (-0.07, 0.03)

-0.13 (-0.28, 0.03)
0.00 (-0.01, 0.02)

0.05 (-0.02, 0.12)

-0.02 (-0.11, 0.06)
0.00 (-0.05, 0.06)

-0.07 (-0.19, 0.04)

-0.09 (-0.18, 0.01)

-0.02 (-0.25, 0.21)
0.02 (-0.01, 0.04)

-0.09 (-0.22, 0.04)

-0.01 (-0.13, 0.11)

-0.06 (-0.16, 0.03)
-0.05 (-0.10, 0.00)

-0.01 (-0.15, 0.14)

-0.00 (-0.02, 0.01)

0.02 (-0.08, 0.11)

-0.10 (-0.31, 0.11)

-0.05 (-0.15, 0.05)

0.00 (-0.11, 0.12)
-0.12 (-0.30, 0.06)

-0.07 (-0.20, 0.06)

-0.01 (-0.29, 0.27)

0.00 (-0.02, 0.03)
0.09 (-0.06, 0.23)

-0.01 (-0.09, 0.07)

0.00 (-0.11, 0.12)

-0.16 (-0.31, -0.01)

-0.05 (-0.15, 0.05)
0.03 (-0.15, 0.21)

-0.01 (-0.03, 0.01)

0.04 (-0.01, 0.10)

-0.03 (-0.10, 0.03)

0.01 (-0.04, 0.06)

-0.09 (-0.19, 0.01)

-0.08 (-0.16, -0.00)
-0.02 (-0.20, 0.16)

0.01 (-0.01, 0.03)

0.01 (-0.09, 0.11)

-0.01 (-0.07, 0.06)
-0.09 (-0.17, -0.01)

-0.04 (-0.09, 0.01)

0.01 (-0.10, 0.13)

-0.00 (-0.02, 0.01)

ES (95% CI)

0.02 (-0.03, 0.08)
0.05 (-0.02, 0.12)

-0.01 (-0.07, 0.04)

-0.00 (-0.07, 0.06)

0.08 (-0.04, 0.19)

-0.01 (-0.09, 0.06)
0.10 (-0.06, 0.26)

0.01 (-0.01, 0.02)

0.09 (-0.02, 0.19)

-0.02 (-0.08, 0.05)
-0.13 (-0.28, 0.01)

-0.03 (-0.10, 0.04)

-0.02 (-0.07, 0.03)

-0.13 (-0.28, 0.03)
0.00 (-0.01, 0.02)

0.05 (-0.02, 0.12)

-0.02 (-0.11, 0.06)
0.00 (-0.05, 0.06)

-0.07 (-0.19, 0.04)

-0.09 (-0.18, 0.01)

-0.02 (-0.25, 0.21)
0.02 (-0.01, 0.04)

-0.09 (-0.22, 0.04)

-0.01 (-0.13, 0.11)

-0.06 (-0.16, 0.03)
-0.05 (-0.10, 0.00)

-0.01 (-0.15, 0.14)

-0.00 (-0.02, 0.01)

0.02 (-0.08, 0.11)

-0.10 (-0.31, 0.11)

-0.05 (-0.15, 0.05)

0.00 (-0.11, 0.12)
-0.12 (-0.30, 0.06)

-0.07 (-0.20, 0.06)

-0.01 (-0.29, 0.27)

0.00 (-0.02, 0.03)
0.09 (-0.06, 0.23)

-0.01 (-0.09, 0.07)

0.00 (-0.11, 0.12)

-0.16 (-0.31, -0.01)

-0.05 (-0.15, 0.05)
0.03 (-0.15, 0.21)

-0.01 (-0.03, 0.01)

0.04 (-0.01, 0.10)

-0.03 (-0.10, 0.03)

0.01 (-0.04, 0.06)

-0.09 (-0.19, 0.01)

-0.08 (-0.16, -0.00)
-0.02 (-0.20, 0.16)

0.01 (-0.01, 0.03)

0.01 (-0.09, 0.11)

-0.01 (-0.07, 0.06)
-0.09 (-0.17, -0.01)

-0.04 (-0.09, 0.01)

0.01 (-0.10, 0.13)

-0.00 (-0.02, 0.01)

ES (95% CI)

  
0-.2 .2

SD change per minor allele

MR Depression

Never, N=32,707
1958BC
ALSPAC Children
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC66
NFBC86
NTR
SYS
Subtotal  (I-squared = 0.0%, p = 0.641)

Former, N=18,760
1958BC
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC66
NTR
SYS
Subtotal  (I-squared = 0.0%, p = 0.710)

Current, N=20,373
1958BC
ALSPAC Children
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC66
NFBC86
NTR
SYS
Subtotal  (I-squared = 32.8%, p = 0.120)

Ever, N=38,080
1958BC
ALSPAC Mothers
CaPS
HBCS
Health2006
Health2008
HUNT
Inter99
NFBC66
NTR
SYS
Subtotal  (I-squared = 46.4%, p = 0.045)

Study

2,359
1,323
2,754
248
642
1,242
269
19,146
576
1,891
410
1,597
250

1,451
1,330
484
488
942
209
11,503
388
609
982
374

1,223
320
1,097
381
312
574
107
12,949
529
1,419
733
469
260

2,674
2,427
865
800
1,516
316
24,452
917
2,028
1,451
634

n

0.02 (-0.04, 0.08)
0.09 (0.02, 0.17)
0.02 (-0.04, 0.07)
0.09 (-0.11, 0.29)
-0.03 (-0.14, 0.08)
0.01 (-0.07, 0.08)
-0.01 (-0.16, 0.14)
0.02 (-0.00, 0.04)
0.06 (-0.05, 0.16)
0.00 (-0.06, 0.06)
-0.07 (-0.23, 0.08)
-0.01 (-0.08, 0.07)
-0.10 (-0.26, 0.06)
0.02 (0.00, 0.03)

0.02 (-0.05, 0.09)
-0.04 (-0.12, 0.04)
-0.01 (-0.14, 0.12)
-0.08 (-0.20, 0.04)
-0.07 (-0.16, 0.02)
-0.09 (-0.35, 0.17)
0.01 (-0.02, 0.03)
-0.05 (-0.19, 0.09)
-0.03 (-0.14, 0.08)
-0.04 (-0.13, 0.05)
-0.01 (-0.15, 0.13)
-0.01 (-0.03, 0.01)

0.04 (-0.05, 0.13)
-0.09 (-0.29, 0.11)
-0.05 (-0.15, 0.05)
0.03 (-0.13, 0.18)
-0.16 (-0.33, 0.02)
-0.07 (-0.22, 0.07)
0.08 (-0.14, 0.31)
0.01 (-0.01, 0.04)
0.07 (-0.07, 0.22)
-0.05 (-0.13, 0.04)
0.08 (-0.02, 0.18)
-0.16 (-0.31, -0.01)
0.04 (-0.13, 0.21)
0.01 (-0.02, 0.03)

0.03 (-0.02, 0.09)
-0.04 (-0.10, 0.02)
0.01 (-0.09, 0.11)
-0.12 (-0.22, -0.02)
-0.07 (-0.15, 0.01)
-0.03 (-0.22, 0.16)
0.01 (-0.01, 0.03)
0.02 (-0.08, 0.13)
-0.04 (-0.10, 0.03)
-0.08 (-0.16, -0.00)
0.01 (-0.10, 0.12)
-0.00 (-0.02, 0.01)

ES (95% CI)

0.02 (-0.04, 0.08)
0.09 (0.02, 0.17)
0.02 (-0.04, 0.07)
0.09 (-0.11, 0.29)
-0.03 (-0.14, 0.08)
0.01 (-0.07, 0.08)
-0.01 (-0.16, 0.14)
0.02 (-0.00, 0.04)
0.06 (-0.05, 0.16)
0.00 (-0.06, 0.06)
-0.07 (-0.23, 0.08)
-0.01 (-0.08, 0.07)
-0.10 (-0.26, 0.06)
0.02 (0.00, 0.03)

0.02 (-0.05, 0.09)
-0.04 (-0.12, 0.04)
-0.01 (-0.14, 0.12)
-0.08 (-0.20, 0.04)
-0.07 (-0.16, 0.02)
-0.09 (-0.35, 0.17)
0.01 (-0.02, 0.03)
-0.05 (-0.19, 0.09)
-0.03 (-0.14, 0.08)
-0.04 (-0.13, 0.05)
-0.01 (-0.15, 0.13)
-0.01 (-0.03, 0.01)

0.04 (-0.05, 0.13)
-0.09 (-0.29, 0.11)
-0.05 (-0.15, 0.05)
0.03 (-0.13, 0.18)
-0.16 (-0.33, 0.02)
-0.07 (-0.22, 0.07)
0.08 (-0.14, 0.31)
0.01 (-0.01, 0.04)
0.07 (-0.07, 0.22)
-0.05 (-0.13, 0.04)
0.08 (-0.02, 0.18)
-0.16 (-0.31, -0.01)
0.04 (-0.13, 0.21)
0.01 (-0.02, 0.03)

0.03 (-0.02, 0.09)
-0.04 (-0.10, 0.02)
0.01 (-0.09, 0.11)
-0.12 (-0.22, -0.02)
-0.07 (-0.15, 0.01)
-0.03 (-0.22, 0.16)
0.01 (-0.01, 0.03)
0.02 (-0.08, 0.13)
-0.04 (-0.10, 0.03)
-0.08 (-0.16, -0.00)
0.01 (-0.10, 0.12)
-0.00 (-0.02, 0.01)

ES (95% CI)

  
0-.2 .2

SD change per minor allele

MR Anxiety

Never, N=36,195
1958BC
ALSPAC Children
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC66
NFBC86
MRC NSHD
NTR
SYS
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.596)

Former, N=21,258
1958BC
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC66
MRC NSHD
NTR
SYS
Whitehall II
Subtotal  (I-squared = 9.6%, p = 0.351)

Current, N=20,669
1958BC
ALSPAC Children
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC66
NFBC86
MRC NSHD
NTR
SYS
Whitehall II
Subtotal  (I-squared = 23.7%, p = 0.198)

Ever, N=42,700
1958BC
CaPS
Generation Scotland
Health2006
Health2008
HUNT
Inter99
NFBC66
MRC NSHD
NTR
SYS
Whitehall II
Subtotal  (I-squared = 36.2%, p = 0.101)

Study

2,359
1,323
248
3,990
1,242
269
19,146
576
1,891
733
1,068
1,597
250
1,503

1,451
484
2,493
942
209
11,503
388
609
893
982
374
930

1,223
320
381
1,002
574
107
12,949
529
1,419
410
615
469
260
411

2,674
865
3,495
1,516
316
24,452
917
2,028
1,508
1,451
634
2,844

n

0.03 (-0.02, 0.09)
0.06 (-0.01, 0.14)
0.02 (-0.17, 0.21)
0.01 (-0.03, 0.05)
-0.01 (-0.08, 0.07)
0.06 (-0.10, 0.22)
0.01 (-0.01, 0.03)
0.08 (-0.03, 0.18)
-0.01 (-0.07, 0.05)
0.06 (-0.05, 0.16)
-0.03 (-0.11, 0.05)
-0.02 (-0.09, 0.05)
-0.13 (-0.28, 0.03)
0.04 (-0.03, 0.12)
0.01 (-0.00, 0.03)

0.04 (-0.03, 0.11)
0.01 (-0.12, 0.14)
-0.01 (-0.07, 0.04)
-0.08 (-0.18, 0.01)
-0.05 (-0.30, 0.20)
0.01 (-0.01, 0.04)
-0.08 (-0.21, 0.05)
-0.01 (-0.12, 0.11)
0.03 (-0.06, 0.13)
-0.06 (-0.15, 0.03)
-0.01 (-0.15, 0.14)
0.08 (-0.01, 0.17)
0.01 (-0.01, 0.03)

0.03 (-0.07, 0.12)
-0.09 (-0.30, 0.12)
0.03 (-0.12, 0.19)
0.12 (-0.01, 0.24)
-0.08 (-0.21, 0.06)
0.03 (-0.22, 0.28)
0.01 (-0.02, 0.04)
0.09 (-0.06, 0.23)
-0.02 (-0.10, 0.06)
-0.11 (-0.26, 0.04)
-0.04 (-0.18, 0.10)
-0.17 (-0.32, -0.02)
0.03 (-0.15, 0.21)
0.10 (-0.06, 0.27)
0.01 (-0.02, 0.03)

0.04 (-0.01, 0.10)
0.02 (-0.08, 0.12)
0.03 (-0.03, 0.08)
-0.08 (-0.16, -0.00)
-0.03 (-0.21, 0.16)
0.01 (-0.00, 0.03)
0.02 (-0.08, 0.12)
-0.02 (-0.08, 0.05)
0.01 (-0.07, 0.09)
-0.09 (-0.17, -0.01)
0.01 (-0.10, 0.13)
0.08 (-0.00, 0.16)
0.01 (-0.00, 0.02)

ES (95% CI)

0.03 (-0.02, 0.09)
0.06 (-0.01, 0.14)
0.02 (-0.17, 0.21)
0.01 (-0.03, 0.05)
-0.01 (-0.08, 0.07)
0.06 (-0.10, 0.22)
0.01 (-0.01, 0.03)
0.08 (-0.03, 0.18)
-0.01 (-0.07, 0.05)
0.06 (-0.05, 0.16)
-0.03 (-0.11, 0.05)
-0.02 (-0.09, 0.05)
-0.13 (-0.28, 0.03)
0.04 (-0.03, 0.12)
0.01 (-0.00, 0.03)

0.04 (-0.03, 0.11)
0.01 (-0.12, 0.14)
-0.01 (-0.07, 0.04)
-0.08 (-0.18, 0.01)
-0.05 (-0.30, 0.20)
0.01 (-0.01, 0.04)
-0.08 (-0.21, 0.05)
-0.01 (-0.12, 0.11)
0.03 (-0.06, 0.13)
-0.06 (-0.15, 0.03)
-0.01 (-0.15, 0.14)
0.08 (-0.01, 0.17)
0.01 (-0.01, 0.03)

0.03 (-0.07, 0.12)
-0.09 (-0.30, 0.12)
0.03 (-0.12, 0.19)
0.12 (-0.01, 0.24)
-0.08 (-0.21, 0.06)
0.03 (-0.22, 0.28)
0.01 (-0.02, 0.04)
0.09 (-0.06, 0.23)
-0.02 (-0.10, 0.06)
-0.11 (-0.26, 0.04)
-0.04 (-0.18, 0.10)
-0.17 (-0.32, -0.02)
0.03 (-0.15, 0.21)
0.10 (-0.06, 0.27)
0.01 (-0.02, 0.03)

0.04 (-0.01, 0.10)
0.02 (-0.08, 0.12)
0.03 (-0.03, 0.08)
-0.08 (-0.16, -0.00)
-0.03 (-0.21, 0.16)
0.01 (-0.00, 0.03)
0.02 (-0.08, 0.12)
-0.02 (-0.08, 0.05)
0.01 (-0.07, 0.09)
-0.09 (-0.17, -0.01)
0.01 (-0.10, 0.13)
0.08 (-0.00, 0.16)
0.01 (-0.00, 0.02)

ES (95% CI)

  
0-.2 .2

SD change per minor allele

MR Psychological Distress

Supplementary Figure S5 Medication adjusted association of rs1051730/rs16969968 with continuous scales of depression, anxiety and 

psychological distress 

SD: standard deviation. Associations from linear regression, adjusted for age, sex and use of antidepressant medication in HUNT, NFBC1966, NFBC1986 and Rotterdam. All 

symptom scales converted to z-scores. 
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Never N= 20,542
1958 BC
ALSPAC Children
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.609)

Former N= 13,279
1958 BC
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.681)

Current N= 10,013
1958 BC
ALSPAC Children
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.971)

Ever N= 22,562
1958 BC
ALSPAC Mothers
CaPS
CHDS
CoLaus
ELSA
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.453)

Study

2,359
1,323
2754
248
352
853
1,786
822
642
1242
269
576
1,891
733
1597
2845
250

1,451
1,330
484
164
651
2,561
115
488
942
209
388
609
982
2531
374

1,223
320
1,097
381
181
581
829
177
312
574
107
529
1,419
410
469
1144
260

2,674
2,427
865
345
1,232
3,390
292
800
1516
316
917
2,028
1451
3675
634

N

1.063 (0.836, 1.352)
1.150 (0.862, 1.535)
1.040 (0.873, 1.239)
0.999 (0.531, 1.878)
1.563 (0.919, 2.657)
0.862 (0.555, 1.339)
1.001 (0.718, 1.394)
1.318 (0.661, 2.631)
1.036 (0.698, 1.537)
1.011 (0.722, 1.415)
1.745 (0.809, 3.765)
1.600 (0.962, 2.663)
1.169 (0.871, 1.568)
1.276 (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 (0.675, 1.780)
1.827 (0.900, 3.706)
0.827 (0.546, 1.252)
1.060 (0.780, 1.441)
1.606 (0.438, 5.881)
0.672 (0.398, 1.136)
0.754 (0.535, 1.062)
0.783 (0.384, 1.596)
0.838 (0.476, 1.474)
0.848 (0.535, 1.344)
0.889 (0.621, 1.272)
0.933 (0.750, 1.161)
1.098 (0.622, 1.938)
0.956 (0.867, 1.053)

1.100 (0.819, 1.478)
1.003 (0.626, 1.607)
0.968 (0.781, 1.199)
0.880 (0.553, 1.401)
1.097 (0.616, 1.952)
0.813 (0.537, 1.233)
1.371 (0.906, 2.077)
0.616 (0.121, 3.128)
0.775 (0.441, 1.360)
0.910 (0.608, 1.361)
0.750 (0.225, 2.498)
1.048 (0.714, 1.539)
1.079 (0.847, 1.374)
0.985 (0.688, 1.411)
0.853 (0.555, 1.310)
1.055 (0.779, 1.427)
1.188 (0.701, 2.014)
1.007 (0.918, 1.103)

1.123 (0.903, 1.397)
1.000 (0.857, 1.168)
0.982 (0.703, 1.373)
1.354 (0.872, 2.102)
0.822 (0.613, 1.103)
1.168 (0.914, 1.492)
1.034 (0.383, 2.798)
0.704 (0.481, 1.030)
0.815 (0.629, 1.057)
0.762 (0.415, 1.400)
0.991 (0.724, 1.358)
1.029 (0.831, 1.275)
0.876 (0.666, 1.152)
0.972 (0.814, 1.160)
1.146 (0.776, 1.690)
0.985 (0.920, 1.055)

ES (95% CI)

1.063 (0.836, 1.352)
1.150 (0.862, 1.535)
1.040 (0.873, 1.239)
0.999 (0.531, 1.878)
1.563 (0.919, 2.657)
0.862 (0.555, 1.339)
1.001 (0.718, 1.394)
1.318 (0.661, 2.631)
1.036 (0.698, 1.537)
1.011 (0.722, 1.415)
1.745 (0.809, 3.765)
1.600 (0.962, 2.663)
1.169 (0.871, 1.568)
1.276 (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 (0.675, 1.780)
1.827 (0.900, 3.706)
0.827 (0.546, 1.252)
1.060 (0.780, 1.441)
1.606 (0.438, 5.881)
0.672 (0.398, 1.136)
0.754 (0.535, 1.062)
0.783 (0.384, 1.596)
0.838 (0.476, 1.474)
0.848 (0.535, 1.344)
0.889 (0.621, 1.272)
0.933 (0.750, 1.161)
1.098 (0.622, 1.938)
0.956 (0.867, 1.053)

1.100 (0.819, 1.478)
1.003 (0.626, 1.607)
0.968 (0.781, 1.199)
0.880 (0.553, 1.401)
1.097 (0.616, 1.952)
0.813 (0.537, 1.233)
1.371 (0.906, 2.077)
0.616 (0.121, 3.128)
0.775 (0.441, 1.360)
0.910 (0.608, 1.361)
0.750 (0.225, 2.498)
1.048 (0.714, 1.539)
1.079 (0.847, 1.374)
0.985 (0.688, 1.411)
0.853 (0.555, 1.310)
1.055 (0.779, 1.427)
1.188 (0.701, 2.014)
1.007 (0.918, 1.103)

1.123 (0.903, 1.397)
1.000 (0.857, 1.168)
0.982 (0.703, 1.373)
1.354 (0.872, 2.102)
0.822 (0.613, 1.103)
1.168 (0.914, 1.492)
1.034 (0.383, 2.798)
0.704 (0.481, 1.030)
0.815 (0.629, 1.057)
0.762 (0.415, 1.400)
0.991 (0.724, 1.358)
1.029 (0.831, 1.275)
0.876 (0.666, 1.152)
0.972 (0.814, 1.160)
1.146 (0.776, 1.690)
0.985 (0.920, 1.055)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Anxiety
Never N= 32,187
1958 BC
ALSPAC Children
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NHANES
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.852)

Former N= 21,502
1958 BC
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.850)

Current N= 14,121
1958 BC
ALSPAC Children
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.1%, p = 0.458)

Ever N= 34,893
1958 BC
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
Generation Scotland
GOYA females
HBCS
Health2006
Health2008
Inter99
NFBC1966
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 14.6%, p = 0.272)

Study

2,359
1,323
2,754
984
1,812
352
853
1,786
4,750
3,990
822
642
1,242
269
576
1,891
733
357
1,597
2,845
250

1,451
1,330
1,568
1,015
164
651
2,561
3,412
2,493
115
488
942
209
388
609
119
982
100
2,531
374

1,223
320
1,097
410
323
181
581
829
2,404
1,002
177
312
574
107
529
1,419
410
218
469
132
1,144
260

2,674
2,427
1,978
1,338
345
1,232
3,390
5,816
3,495
292
800
1,516
316
917
2,028
337
1,451
232
3,675
634

N

1.054 (0.835, 1.329)
0.987 (0.685, 1.424)
0.959 (0.792, 1.161)
0.865 (0.605, 1.236)
1.138 (0.944, 1.372)
1.046 (0.630, 1.736)
0.842 (0.550, 1.287)
1.070 (0.853, 1.341)
1.006 (0.840, 1.205)
1.059 (0.923, 1.216)
1.161 (0.741, 1.820)
1.183 (0.872, 1.604)
1.137 (0.829, 1.558)
1.236 (0.632, 2.418)
1.463 (0.908, 2.359)
1.073 (0.860, 1.339)
0.864 (0.633, 1.180)
1.202 (0.600, 2.406)
1.008 (0.753, 1.349)
0.919 (0.763, 1.107)
0.544 (0.261, 1.134)
1.029 (0.972, 1.089)

1.325 (0.971, 1.809)
1.004 (0.783, 1.289)
1.043 (0.803, 1.354)
0.876 (0.685, 1.120)
0.953 (0.473, 1.922)
0.998 (0.608, 1.640)
0.988 (0.826, 1.183)
0.961 (0.791, 1.167)
1.018 (0.860, 1.206)
1.831 (0.758, 4.427)
0.754 (0.508, 1.119)
0.817 (0.573, 1.167)
0.716 (0.355, 1.445)
1.103 (0.643, 1.892)
0.883 (0.613, 1.271)
1.695 (0.274, 10.477)
0.915 (0.643, 1.301)
1.236 (0.710, 2.150)
0.891 (0.724, 1.097)
1.026 (0.510, 2.063)
0.974 (0.911, 1.042)

0.962 (0.741, 1.248)
0.846 (0.519, 1.380)
0.892 (0.705, 1.127)
1.309 (0.844, 2.031)
0.781 (0.523, 1.168)
1.457 (0.791, 2.683)
0.851 (0.522, 1.387)
1.005 (0.777, 1.299)
1.003 (0.831, 1.209)
1.111 (0.899, 1.374)
1.017 (0.520, 1.986)
0.645 (0.420, 0.988)
0.800 (0.541, 1.182)
0.797 (0.279, 2.280)
1.129 (0.780, 1.633)
1.091 (0.889, 1.339)
0.697 (0.455, 1.068)
1.023 (0.538, 1.947)
0.721 (0.464, 1.122)
1.519 (0.875, 2.637)
1.006 (0.781, 1.296)
0.788 (0.425, 1.461)
0.978 (0.912, 1.049)

1.119 (0.918, 1.365)
0.949 (0.800, 1.125)
1.106 (0.884, 1.384)
0.858 (0.696, 1.057)
1.219 (0.772, 1.925)
0.923 (0.651, 1.308)
1.007 (0.870, 1.166)
0.988 (0.864, 1.130)
1.053 (0.923, 1.200)
1.240 (0.730, 2.104)
0.702 (0.527, 0.936)
0.817 (0.629, 1.062)
0.742 (0.416, 1.324)
1.127 (0.833, 1.524)
1.038 (0.869, 1.241)
1.222 (0.737, 2.026)
0.841 (0.640, 1.107)
1.403 (0.953, 2.064)
0.940 (0.801, 1.102)
0.887 (0.564, 1.396)
0.989 (0.942, 1.039)

ES (95% CI)

1.054 (0.835, 1.329)
0.987 (0.685, 1.424)
0.959 (0.792, 1.161)
0.865 (0.605, 1.236)
1.138 (0.944, 1.372)
1.046 (0.630, 1.736)
0.842 (0.550, 1.287)
1.070 (0.853, 1.341)
1.006 (0.840, 1.205)
1.059 (0.923, 1.216)
1.161 (0.741, 1.820)
1.183 (0.872, 1.604)
1.137 (0.829, 1.558)
1.236 (0.632, 2.418)
1.463 (0.908, 2.359)
1.073 (0.860, 1.339)
0.864 (0.633, 1.180)
1.202 (0.600, 2.406)
1.008 (0.753, 1.349)
0.919 (0.763, 1.107)
0.544 (0.261, 1.134)
1.029 (0.972, 1.089)

1.325 (0.971, 1.809)
1.004 (0.783, 1.289)
1.043 (0.803, 1.354)
0.876 (0.685, 1.120)
0.953 (0.473, 1.922)
0.998 (0.608, 1.640)
0.988 (0.826, 1.183)
0.961 (0.791, 1.167)
1.018 (0.860, 1.206)
1.831 (0.758, 4.427)
0.754 (0.508, 1.119)
0.817 (0.573, 1.167)
0.716 (0.355, 1.445)
1.103 (0.643, 1.892)
0.883 (0.613, 1.271)
1.695 (0.274, 10.477)
0.915 (0.643, 1.301)
1.236 (0.710, 2.150)
0.891 (0.724, 1.097)
1.026 (0.510, 2.063)
0.974 (0.911, 1.042)

0.962 (0.741, 1.248)
0.846 (0.519, 1.380)
0.892 (0.705, 1.127)
1.309 (0.844, 2.031)
0.781 (0.523, 1.168)
1.457 (0.791, 2.683)
0.851 (0.522, 1.387)
1.005 (0.777, 1.299)
1.003 (0.831, 1.209)
1.111 (0.899, 1.374)
1.017 (0.520, 1.986)
0.645 (0.420, 0.988)
0.800 (0.541, 1.182)
0.797 (0.279, 2.280)
1.129 (0.780, 1.633)
1.091 (0.889, 1.339)
0.697 (0.455, 1.068)
1.023 (0.538, 1.947)
0.721 (0.464, 1.122)
1.519 (0.875, 2.637)
1.006 (0.781, 1.296)
0.788 (0.425, 1.461)
0.978 (0.912, 1.049)

1.119 (0.918, 1.365)
0.949 (0.800, 1.125)
1.106 (0.884, 1.384)
0.858 (0.696, 1.057)
1.219 (0.772, 1.925)
0.923 (0.651, 1.308)
1.007 (0.870, 1.166)
0.988 (0.864, 1.130)
1.053 (0.923, 1.200)
1.240 (0.730, 2.104)
0.702 (0.527, 0.936)
0.817 (0.629, 1.062)
0.742 (0.416, 1.324)
1.127 (0.833, 1.524)
1.038 (0.869, 1.241)
1.222 (0.737, 2.026)
0.841 (0.640, 1.107)
1.403 (0.953, 2.064)
0.940 (0.801, 1.102)
0.887 (0.564, 1.396)
0.989 (0.942, 1.039)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Depression

Never N= 27,103
1958 BC
ALSPAC Children
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.796)

Former N= 17,595
1958 BC
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
Health2006
Health2008
Inter99
NFBC1966
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.607)

Current N= 12,041
1958 BC
ALSPAC Children
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.583)

Ever N= 28,906
1958 BC
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
Health2006
Health2008
Inter99
NFBC1966
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 25.7%, p = 0.153)

Study

2,359
1,323
2,754
352
248
853
1,786
822
3990
642
1,242
269
576
1,891
733
1,068
1,597
2,845
250
1,503

1,451
1,330
164
484
651
2,561
115
2493
488
942
209
388
609
893
982
2,531
374
930

1,223
320
1,097
181
381
581
829
177
1002
312
574
107
529
1,419
410
615
469
1,144
260
411

2,674
2,427
345
865
1,232
3,390
292
3,495
800
1,516
316
917
2,028
1,508
1,451
3,675
634
1,341

N

1.039 (0.855, 1.263)
1.080 (0.837, 1.394)
1.043 (0.889, 1.225)
1.203 (0.790, 1.832)
0.940 (0.560, 1.577)
0.884 (0.641, 1.219)
1.035 (0.846, 1.266)
1.146 (0.768, 1.712)
0.977 (0.871, 1.095)
1.120 (0.843, 1.488)
1.059 (0.802, 1.398)
1.171 (0.631, 2.172)
1.473 (0.948, 2.288)
1.106 (0.901, 1.358)
0.959 (0.728, 1.265)
0.911 (0.719, 1.156)
0.953 (0.743, 1.222)
0.942 (0.806, 1.101)
0.721 (0.445, 1.169)
1.182 (0.997, 1.401)
1.024 (0.973, 1.077)

1.244 (0.963, 1.607)
0.987 (0.800, 1.218)
1.462 (0.821, 2.606)
0.975 (0.683, 1.392)
0.848 (0.599, 1.200)
1.013 (0.858, 1.195)
1.736 (0.769, 3.917)
1.001 (0.864, 1.159)
0.782 (0.548, 1.115)
0.827 (0.616, 1.111)
0.780 (0.409, 1.485)
1.021 (0.630, 1.653)
0.926 (0.662, 1.294)
1.146 (0.878, 1.494)
0.850 (0.630, 1.148)
0.920 (0.776, 1.091)
1.105 (0.677, 1.803)
1.071 (0.856, 1.340)
0.991 (0.931, 1.054)

1.005 (0.801, 1.261)
1.095 (0.721, 1.662)
0.964 (0.787, 1.181)
1.302 (0.768, 2.208)
0.933 (0.667, 1.305)
0.839 (0.597, 1.179)
1.082 (0.850, 1.376)
0.947 (0.488, 1.838)
1.131 (0.924, 1.384)
0.667 (0.444, 1.001)
0.882 (0.622, 1.249)
0.909 (0.375, 2.202)
1.205 (0.869, 1.672)
1.055 (0.871, 1.278)
0.889 (0.631, 1.253)
0.896 (0.660, 1.216)
0.733 (0.501, 1.073)
1.035 (0.824, 1.300)
0.936 (0.585, 1.499)
1.359 (0.972, 1.901)
1.005 (0.940, 1.074)

1.124 (0.949, 1.331)
0.981 (0.849, 1.134)
1.386 (0.942, 2.041)
0.958 (0.751, 1.222)
0.847 (0.665, 1.080)
1.048 (0.915, 1.200)
1.168 (0.703, 1.941)
1.044 (0.928, 1.175)
0.728 (0.558, 0.950)
0.851 (0.680, 1.065)
0.804 (0.481, 1.343)
1.153 (0.882, 1.506)
1.023 (0.867, 1.208)
1.034 (0.847, 1.263)
0.810 (0.641, 1.024)
0.962 (0.839, 1.102)
1.021 (0.725, 1.438)
1.149 (0.954, 1.383)
1.003 (0.958, 1.050)

ES (95% CI)

1.039 (0.855, 1.263)
1.080 (0.837, 1.394)
1.043 (0.889, 1.225)
1.203 (0.790, 1.832)
0.940 (0.560, 1.577)
0.884 (0.641, 1.219)
1.035 (0.846, 1.266)
1.146 (0.768, 1.712)
0.977 (0.871, 1.095)
1.120 (0.843, 1.488)
1.059 (0.802, 1.398)
1.171 (0.631, 2.172)
1.473 (0.948, 2.288)
1.106 (0.901, 1.358)
0.959 (0.728, 1.265)
0.911 (0.719, 1.156)
0.953 (0.743, 1.222)
0.942 (0.806, 1.101)
0.721 (0.445, 1.169)
1.182 (0.997, 1.401)
1.024 (0.973, 1.077)

1.244 (0.963, 1.607)
0.987 (0.800, 1.218)
1.462 (0.821, 2.606)
0.975 (0.683, 1.392)
0.848 (0.599, 1.200)
1.013 (0.858, 1.195)
1.736 (0.769, 3.917)
1.001 (0.864, 1.159)
0.782 (0.548, 1.115)
0.827 (0.616, 1.111)
0.780 (0.409, 1.485)
1.021 (0.630, 1.653)
0.926 (0.662, 1.294)
1.146 (0.878, 1.494)
0.850 (0.630, 1.148)
0.920 (0.776, 1.091)
1.105 (0.677, 1.803)
1.071 (0.856, 1.340)
0.991 (0.931, 1.054)

1.005 (0.801, 1.261)
1.095 (0.721, 1.662)
0.964 (0.787, 1.181)
1.302 (0.768, 2.208)
0.933 (0.667, 1.305)
0.839 (0.597, 1.179)
1.082 (0.850, 1.376)
0.947 (0.488, 1.838)
1.131 (0.924, 1.384)
0.667 (0.444, 1.001)
0.882 (0.622, 1.249)
0.909 (0.375, 2.202)
1.205 (0.869, 1.672)
1.055 (0.871, 1.278)
0.889 (0.631, 1.253)
0.896 (0.660, 1.216)
0.733 (0.501, 1.073)
1.035 (0.824, 1.300)
0.936 (0.585, 1.499)
1.359 (0.972, 1.901)
1.005 (0.940, 1.074)

1.124 (0.949, 1.331)
0.981 (0.849, 1.134)
1.386 (0.942, 2.041)
0.958 (0.751, 1.222)
0.847 (0.665, 1.080)
1.048 (0.915, 1.200)
1.168 (0.703, 1.941)
1.044 (0.928, 1.175)
0.728 (0.558, 0.950)
0.851 (0.680, 1.065)
0.804 (0.481, 1.343)
1.153 (0.882, 1.506)
1.023 (0.867, 1.208)
1.034 (0.847, 1.263)
0.810 (0.641, 1.024)
0.962 (0.839, 1.102)
1.021 (0.725, 1.438)
1.149 (0.954, 1.383)
1.003 (0.958, 1.050)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Psychological distress

Supplementary Figure S6. Age- and sex- adjusted association of rs16969968/rs1051730 with anxiety excluding HUNT (fixed effects meta-

analysis)  
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Never N= 43,712
1958 BC
ALSPAC Children
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 12.7%, p = 0.303)

Former N= 26,898
1958 BC
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 28.0%, p = 0.142)

Current N= 26,513
1958 BC
ALSPAC Children
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.938)

Ever N= 52,681
1958 BC
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 31.6%, p = 0.110)

Study

2,359
1,323
2754
352
248
853
1,786
822
642
23170
1242
269
576
1,891
733
1597
2845
250

1,451
1,330
164
484
651
2,561
115
488
13619
942
209
388
609
982
2531
374

1,223
320
1,097
181
381
581
829
177
312
16,500
574
107
529
1,419
410
469
1144
260

2,674
2,427
345
865
1,232
3,390
292
800
30,119
1516
316
917
2,028
1451
3675
634

N

1.063 (0.836, 1.352)
1.464 (1.090, 1.966)
1.017 (0.832, 1.242)
1.563 (0.919, 2.657)
0.999 (0.531, 1.878)
0.862 (0.555, 1.339)
1.001 (0.718, 1.394)
1.318 (0.661, 2.631)
1.036 (0.698, 1.537)
1.028 (0.960, 1.100)
1.011 (0.722, 1.415)
1.745 (0.809, 3.765)
1.600 (0.962, 2.663)
1.169 (0.871, 1.568)
0.984 (0.648, 1.494)
0.824 (0.638, 1.064)
0.891 (0.730, 1.088)
0.990 (0.596, 1.643)
1.033 (0.981, 1.088)

1.117 (0.805, 1.549)
0.946 (0.728, 1.228)
1.827 (0.900, 3.706)
1.096 (0.675, 1.780)
0.827 (0.546, 1.252)
1.060 (0.780, 1.441)
1.606 (0.438, 5.881)
0.672 (0.398, 1.136)
1.127 (1.037, 1.225)
0.754 (0.535, 1.062)
0.783 (0.384, 1.596)
0.838 (0.476, 1.474)
0.848 (0.535, 1.344)
0.831 (0.597, 1.156)
0.933 (0.750, 1.161)
0.699 (0.392, 1.247)
1.037 (0.973, 1.105)

1.100 (0.819, 1.478)
1.155 (0.698, 1.910)
0.895 (0.707, 1.131)
1.097 (0.616, 1.952)
0.880 (0.553, 1.401)
0.813 (0.537, 1.233)
1.371 (0.906, 2.077)
0.616 (0.121, 3.128)
0.775 (0.441, 1.360)
1.031 (0.967, 1.099)
0.910 (0.608, 1.361)
0.750 (0.225, 2.498)
1.048 (0.714, 1.539)
1.079 (0.847, 1.374)
0.930 (0.601, 1.440)
0.792 (0.526, 1.193)
1.055 (0.779, 1.427)
1.024 (0.588, 1.785)
1.017 (0.965, 1.072)

1.123 (0.903, 1.397)
0.924 (0.777, 1.099)
1.354 (0.872, 2.102)
0.982 (0.703, 1.373)
0.822 (0.613, 1.103)
1.168 (0.914, 1.492)
1.034 (0.383, 2.798)
0.704 (0.481, 1.030)
1.073 (1.019, 1.128)
0.815 (0.629, 1.057)
0.762 (0.415, 1.400)
0.991 (0.724, 1.358)
1.029 (0.831, 1.275)
0.816 (0.632, 1.054)
0.972 (0.814, 1.160)
0.839 (0.562, 1.254)
1.031 (0.989, 1.074)

ES (95% CI)

1.063 (0.836, 1.352)
1.464 (1.090, 1.966)
1.017 (0.832, 1.242)
1.563 (0.919, 2.657)
0.999 (0.531, 1.878)
0.862 (0.555, 1.339)
1.001 (0.718, 1.394)
1.318 (0.661, 2.631)
1.036 (0.698, 1.537)
1.028 (0.960, 1.100)
1.011 (0.722, 1.415)
1.745 (0.809, 3.765)
1.600 (0.962, 2.663)
1.169 (0.871, 1.568)
0.984 (0.648, 1.494)
0.824 (0.638, 1.064)
0.891 (0.730, 1.088)
0.990 (0.596, 1.643)
1.033 (0.981, 1.088)

1.117 (0.805, 1.549)
0.946 (0.728, 1.228)
1.827 (0.900, 3.706)
1.096 (0.675, 1.780)
0.827 (0.546, 1.252)
1.060 (0.780, 1.441)
1.606 (0.438, 5.881)
0.672 (0.398, 1.136)
1.127 (1.037, 1.225)
0.754 (0.535, 1.062)
0.783 (0.384, 1.596)
0.838 (0.476, 1.474)
0.848 (0.535, 1.344)
0.831 (0.597, 1.156)
0.933 (0.750, 1.161)
0.699 (0.392, 1.247)
1.037 (0.973, 1.105)

1.100 (0.819, 1.478)
1.155 (0.698, 1.910)
0.895 (0.707, 1.131)
1.097 (0.616, 1.952)
0.880 (0.553, 1.401)
0.813 (0.537, 1.233)
1.371 (0.906, 2.077)
0.616 (0.121, 3.128)
0.775 (0.441, 1.360)
1.031 (0.967, 1.099)
0.910 (0.608, 1.361)
0.750 (0.225, 2.498)
1.048 (0.714, 1.539)
1.079 (0.847, 1.374)
0.930 (0.601, 1.440)
0.792 (0.526, 1.193)
1.055 (0.779, 1.427)
1.024 (0.588, 1.785)
1.017 (0.965, 1.072)

1.123 (0.903, 1.397)
0.924 (0.777, 1.099)
1.354 (0.872, 2.102)
0.982 (0.703, 1.373)
0.822 (0.613, 1.103)
1.168 (0.914, 1.492)
1.034 (0.383, 2.798)
0.704 (0.481, 1.030)
1.073 (1.019, 1.128)
0.815 (0.629, 1.057)
0.762 (0.415, 1.400)
0.991 (0.724, 1.358)
1.029 (0.831, 1.275)
0.816 (0.632, 1.054)
0.972 (0.814, 1.160)
0.839 (0.562, 1.254)
1.031 (0.989, 1.074)

ES (95% CI)

  
1.5 2

OR per minor allele

MR Anxiety
Former N= 35,121
1958 BC
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.879)

Current N= 30,621
1958 BC
ALSPAC Children
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.631)

Never N= 55,357
1958 BC
ALSPAC Children
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NHANES
NTR
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.721)

Ever N= 65,012
1958 BC
ALSPAC Mothers
BRHS
BWHHS
CHDS
CoLaus
ELSA
FINRISK
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NHANES
NTR
Patch 2
Rotterdam
SYS-P
Subtotal  (I-squared = 0.0%, p = 0.526)

Study

1,451
1,330
1,568
1,015
164
651
2,561
3,412
115
2,493
488
13,619
942
209
388
609
119
982
100
2,531
374

1,223
320
1,097
410
323
181
581
829
2,404
177
1,002
312
16,500
574
107
529
1,419
410
218
469
132
1,144
260

2,359
1,323
2,754
984
1,812
352
853
1,786
4,750
822
3,990
642
23,170
1,242
269
576
1,891
733
357
1,597
2,845
250

2,674
2,427
1,978
1,338
345
1,232
3,390
5,816
292
3,495
800
30,119
1,516
316
917
2,028
337
1,451
232
3,675
634

N

1.325 (0.971, 1.809)
0.986 (0.747, 1.300)
1.043 (0.803, 1.354)
0.876 (0.685, 1.120)
0.953 (0.473, 1.922)
0.998 (0.608, 1.640)
0.988 (0.826, 1.183)
0.961 (0.791, 1.167)
1.831 (0.758, 4.427)
1.018 (0.860, 1.206)
0.938 (0.552, 1.593)
1.038 (0.959, 1.123)
0.817 (0.573, 1.167)
0.716 (0.355, 1.445)
1.103 (0.643, 1.892)
0.832 (0.547, 1.266)
1.695 (0.274, 10.477)
0.876 (0.629, 1.220)
1.236 (0.710, 2.150)
0.891 (0.724, 1.097)
0.998 (0.565, 1.761)
1.002 (0.952, 1.055)

0.962 (0.741, 1.248)
0.914 (0.591, 1.415)
0.906 (0.706, 1.162)
1.309 (0.844, 2.031)
0.781 (0.523, 1.168)
1.457 (0.791, 2.683)
0.851 (0.522, 1.387)
1.005 (0.777, 1.299)
1.003 (0.831, 1.209)
1.017 (0.520, 1.986)
1.111 (0.899, 1.374)
0.944 (0.561, 1.591)
1.021 (0.954, 1.094)
0.800 (0.541, 1.182)
0.797 (0.279, 2.280)
1.129 (0.780, 1.633)
1.088 (0.868, 1.363)
0.538 (0.295, 0.980)
1.023 (0.538, 1.947)
0.667 (0.434, 1.027)
1.519 (0.875, 2.637)
1.006 (0.781, 1.296)
0.879 (0.504, 1.535)
1.006 (0.957, 1.057)

1.054 (0.835, 1.329)
1.086 (0.792, 1.489)
1.037 (0.837, 1.285)
0.865 (0.605, 1.236)
1.138 (0.944, 1.372)
1.046 (0.630, 1.736)
0.842 (0.550, 1.287)
1.070 (0.853, 1.341)
1.006 (0.840, 1.205)
1.161 (0.741, 1.820)
1.059 (0.923, 1.216)
1.083 (0.746, 1.570)
0.998 (0.931, 1.069)
1.137 (0.829, 1.558)
1.236 (0.632, 2.418)
1.463 (0.908, 2.359)
0.988 (0.765, 1.275)
0.825 (0.556, 1.224)
1.202 (0.600, 2.406)
0.837 (0.639, 1.096)
0.919 (0.763, 1.107)
0.432 (0.202, 0.927)
1.011 (0.967, 1.057)

1.119 (0.918, 1.365)
0.948 (0.788, 1.139)
1.106 (0.884, 1.384)
0.858 (0.696, 1.057)
1.219 (0.772, 1.925)
0.923 (0.651, 1.308)
1.007 (0.870, 1.166)
0.988 (0.864, 1.130)
1.240 (0.730, 2.104)
1.053 (0.923, 1.200)
0.943 (0.653, 1.362)
1.034 (0.982, 1.089)
0.817 (0.629, 1.062)
0.742 (0.416, 1.324)
1.127 (0.833, 1.524)
1.024 (0.840, 1.249)
1.222 (0.737, 2.026)
0.795 (0.612, 1.032)
1.403 (0.953, 2.064)
0.940 (0.801, 1.102)
0.938 (0.632, 1.391)
1.014 (0.978, 1.050)

ES (95% CI)

1.325 (0.971, 1.809)
0.986 (0.747, 1.300)
1.043 (0.803, 1.354)
0.876 (0.685, 1.120)
0.953 (0.473, 1.922)
0.998 (0.608, 1.640)
0.988 (0.826, 1.183)
0.961 (0.791, 1.167)
1.831 (0.758, 4.427)
1.018 (0.860, 1.206)
0.938 (0.552, 1.593)
1.038 (0.959, 1.123)
0.817 (0.573, 1.167)
0.716 (0.355, 1.445)
1.103 (0.643, 1.892)
0.832 (0.547, 1.266)
1.695 (0.274, 10.477)
0.876 (0.629, 1.220)
1.236 (0.710, 2.150)
0.891 (0.724, 1.097)
0.998 (0.565, 1.761)
1.002 (0.952, 1.055)

0.962 (0.741, 1.248)
0.914 (0.591, 1.415)
0.906 (0.706, 1.162)
1.309 (0.844, 2.031)
0.781 (0.523, 1.168)
1.457 (0.791, 2.683)
0.851 (0.522, 1.387)
1.005 (0.777, 1.299)
1.003 (0.831, 1.209)
1.017 (0.520, 1.986)
1.111 (0.899, 1.374)
0.944 (0.561, 1.591)
1.021 (0.954, 1.094)
0.800 (0.541, 1.182)
0.797 (0.279, 2.280)
1.129 (0.780, 1.633)
1.088 (0.868, 1.363)
0.538 (0.295, 0.980)
1.023 (0.538, 1.947)
0.667 (0.434, 1.027)
1.519 (0.875, 2.637)
1.006 (0.781, 1.296)
0.879 (0.504, 1.535)
1.006 (0.957, 1.057)

1.054 (0.835, 1.329)
1.086 (0.792, 1.489)
1.037 (0.837, 1.285)
0.865 (0.605, 1.236)
1.138 (0.944, 1.372)
1.046 (0.630, 1.736)
0.842 (0.550, 1.287)
1.070 (0.853, 1.341)
1.006 (0.840, 1.205)
1.161 (0.741, 1.820)
1.059 (0.923, 1.216)
1.083 (0.746, 1.570)
0.998 (0.931, 1.069)
1.137 (0.829, 1.558)
1.236 (0.632, 2.418)
1.463 (0.908, 2.359)
0.988 (0.765, 1.275)
0.825 (0.556, 1.224)
1.202 (0.600, 2.406)
0.837 (0.639, 1.096)
0.919 (0.763, 1.107)
0.432 (0.202, 0.927)
1.011 (0.967, 1.057)

1.119 (0.918, 1.365)
0.948 (0.788, 1.139)
1.106 (0.884, 1.384)
0.858 (0.696, 1.057)
1.219 (0.772, 1.925)
0.923 (0.651, 1.308)
1.007 (0.870, 1.166)
0.988 (0.864, 1.130)
1.240 (0.730, 2.104)
1.053 (0.923, 1.200)
0.943 (0.653, 1.362)
1.034 (0.982, 1.089)
0.817 (0.629, 1.062)
0.742 (0.416, 1.324)
1.127 (0.833, 1.524)
1.024 (0.840, 1.249)
1.222 (0.737, 2.026)
0.795 (0.612, 1.032)
1.403 (0.953, 2.064)
0.940 (0.801, 1.102)
0.938 (0.632, 1.391)
1.014 (0.978, 1.050)

ES (95% CI)
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OR per minor allele

MR Depression

Former N= 31,214
1958 BC
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 3.4%, p = 0.415)

Current N= 28,541
1958 BC
ALSPAC Children
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.801)

Never N= 50,273
1958 BC
ALSPAC Children
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NFBC1986
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 0.0%, p = 0.805)

Ever N= 59,025
1958 BC
ALSPAC Mothers
CHDS
CaPS
CoLaus
ELSA
GOYA females
Generation Scotland
HBCS
HUNT
Health2006
Health2008
Inter99
NFBC1966
NSHD
NTR
Rotterdam
SYS-P
Whitehall II
Subtotal  (I-squared = 19.8%, p = 0.213)

Study

1,451
1,330
164
484
651
2,561
115
2493
488
13,619
942
209
388
609
893
982
2,531
374
930

1,223
320
1,097
181
381
581
829
177
1002
312
16,500
574
107
529
1,419
410
615
469
1,144
260
411

2,359
1,323
2,754
352
248
853
1,786
822
3990
642
23,170
1,242
269
576
1,891
733
1,068
1,597
2,845
250
1,503

2,674
2,427
345
865
1,232
3,390
292
3,495
800
30,119
1,516
316
917
2,028
1,508
1,451
3,675
634
1,341

N

1.244 (0.963, 1.607)
0.963 (0.761, 1.219)
1.462 (0.821, 2.606)
0.874 (0.509, 1.502)
0.848 (0.599, 1.200)
1.013 (0.858, 1.195)
1.736 (0.769, 3.917)
0.902 (0.733, 1.109)
0.834 (0.545, 1.279)
1.044 (0.976, 1.117)
0.827 (0.616, 1.111)
0.780 (0.409, 1.485)
1.021 (0.630, 1.653)
0.845 (0.587, 1.216)
1.008 (0.702, 1.447)
0.806 (0.606, 1.072)
0.920 (0.776, 1.091)
0.914 (0.578, 1.446)
1.235 (0.900, 1.694)
1.004 (0.957, 1.053)

1.005 (0.801, 1.261)
1.192 (0.799, 1.778)
0.920 (0.742, 1.142)
1.302 (0.768, 2.208)
1.120 (0.727, 1.725)
0.839 (0.597, 1.179)
1.082 (0.850, 1.376)
0.947 (0.488, 1.838)
1.264 (0.984, 1.622)
0.886 (0.564, 1.393)
1.033 (0.977, 1.092)
0.882 (0.622, 1.249)
0.909 (0.375, 2.202)
1.205 (0.869, 1.672)
1.047 (0.857, 1.281)
0.810 (0.536, 1.224)
1.076 (0.733, 1.579)
0.713 (0.491, 1.036)
1.035 (0.824, 1.300)
0.950 (0.603, 1.496)
1.219 (0.759, 1.958)
1.028 (0.983, 1.074)

1.039 (0.855, 1.263)
1.234 (0.965, 1.579)
1.026 (0.858, 1.227)
1.203 (0.790, 1.832)
0.768 (0.386, 1.528)
0.884 (0.641, 1.219)
1.035 (0.846, 1.266)
1.146 (0.768, 1.712)
1.033 (0.876, 1.219)
1.079 (0.785, 1.482)
1.020 (0.964, 1.078)
1.059 (0.802, 1.398)
1.171 (0.631, 2.172)
1.473 (0.948, 2.288)
1.086 (0.868, 1.358)
0.883 (0.628, 1.241)
0.921 (0.665, 1.277)
0.850 (0.680, 1.063)
0.942 (0.806, 1.101)
0.773 (0.490, 1.219)
1.103 (0.858, 1.418)
1.019 (0.979, 1.061)

1.124 (0.949, 1.331)
0.947 (0.808, 1.109)
1.386 (0.942, 2.041)
1.021 (0.729, 1.429)
0.847 (0.665, 1.080)
1.048 (0.915, 1.200)
1.168 (0.703, 1.941)
1.032 (0.881, 1.208)
0.859 (0.632, 1.168)
1.043 (1.000, 1.089)
0.851 (0.680, 1.065)
0.804 (0.481, 1.343)
1.153 (0.882, 1.506)
0.997 (0.836, 1.188)
1.046 (0.804, 1.360)
0.771 (0.615, 0.967)
0.962 (0.839, 1.102)
0.932 (0.675, 1.287)
1.222 (0.940, 1.588)
1.022 (0.990, 1.056)

ES (95% CI)
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1.5 2

OR per minor allele

MR Psychological distress

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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Overall  (I-squared = 0.0%, p = 0.619)
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Current vs former smoker

Overall  (I-squared = 33.3%, p = 0.062)
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Ever vs never smoker

Supplementary Figure S8. Associations of smoking status with rs1051730/rs16969968 in CARTA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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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Never N= 47,392

1958 BC

ALSPAC Children

ALSPAC Mothers

CHDS

CoLaus

ELSA

FINRISK

HBCS

Health2006

Health2008

HUNT

Inter99

NFBC1966

NFBC1986

NTR

Rotterdam

SYS-P

Subtotal  (I-squared = 0.0%, p = 0.829)

Former N= 29,711

1958 BC

ALSPAC Mothers

CHDS

CoLaus

ELSA

FINRISK

HBCS

Health2006

Health2008

HUNT

Inter99

NFBC1966

NTR

Rotterdam

SYS-P

Subtotal  (I-squared = 0.0%, p = 0.742)

Current N= 28,359

1958 BC

ALSPAC Children

ALSPAC Mothers

CHDS

CoLaus

ELSA

FINRISK

HBCS

Health2006

Health2008

HUNT

Inter99

NFBC1966

NFBC1986

NTR

Rotterdam

SYS-P

Subtotal  (I-squared = 0.0%, p = 0.483)

Ever N= 57,340

1958 BC

ALSPAC Mothers

CHDS

CoLaus

ELSA

FINRISK

HBCS

Health2006

Health2008

HUNT

Inter99

NFBC1966

NTR

Rotterdam

SYS-P

Subtotal  (I-squared = 14.7%, p = 0.289)

Study

2,359

1,323

2,754

352

853

1,786

4,750

642

1,242

269

23,170

576

1,891

733

1,597

2,845

250

1,451

1,330

164

651

2,561

3,412

488

942

209

13,619

388

609

982

2,531

374

1,223

320

1,097

181

581

829

2,404

312

574

107

16,500

529

1,419

410

469

1,144

260

2,674

2,427

345

1,232

3,390

5,816

800

1,516

316

30,119

917

2,028

1,451

3,675

634

N

1.054 (0.835, 1.329)

0.987 (0.685, 1.424)

0.959 (0.792, 1.161)

1.046 (0.630, 1.736)

0.842 (0.550, 1.287)

1.070 (0.853, 1.341)

1.006 (0.840, 1.205)

1.183 (0.872, 1.604)
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0.864 (0.633, 1.180)
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0.544 (0.261, 1.134)

1.004 (0.956, 1.054)

1.325 (0.971, 1.809)

1.004 (0.783, 1.289)

0.953 (0.473, 1.922)

0.998 (0.608, 1.640)
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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) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depression analysis excludes BRHS, BWHHS, Generation Scotland, GOYA females, NHANES, Patch 2. Anxiety analysis excludes ELSA and GOYA females.  
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Supplementary Figure S10. Age- and sex- adjusted association of rs16969968/rs1051730 with depression and anxiety restricting to 

questionnaires using clinical criteria or self-reported diagnosis (fixed effects meta-analysis) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depression analysis excludes 1958BC, ALSPAC Mothers, ELSA,HBCS, Health2006, Health2008, HUNT, Inter99, NFBC1966, NFBC1966, NTR, Rotterdam, SYS-P. 

Anxiety analysis excludes 1958BC, ALSPAC Mothers, CaPS, HBCS, Health2006, Health2008, HUNT, Inter99, NFBC1966, NFBC1966, NTR.   
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