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Abstract

Objectives: To investigate, using a Mendelian Randomisation approach, whether heavier smoking is
associated with a range of regional adiposity phenotypes, in particular those related to abdominal
adiposity.

Design: Mendelian Randomisation meta-analyses using a genetic variant (rs16969968/rs1051730 in
the CHRNA5-CHRNA3-CHRNB4 gene region) as a proxy for smoking heaviness, of the associations of
smoking heaviness with a range of adiposity phenotypes.

Participants: 148,731 current, former and never smokers of European ancestry aged >16 years from
29 studies in the consortium for Causal Analysis Research in Tobacco and Alcohol (CARTA).

Primary outcome measures: Waist and hip circumference, and waist-hip ratio.

Results: The data included up to 66,809 never smokers, 43,009 former smokers and 38,913 current
daily cigarette smokers. Among current smokers, for each extra minor allele, the geometric mean
was lower for waist circumference by -0.40% (95% confidence interval -0.57,-0.22), with effects on
hip circumference, waist-hip ratio and body mass index (BMI) being -0.31% (95%Cl| -0.42,-0.19), -
0.08% (-0.19,0.03) and -0.74% (-0.96,-0.51) respectively. By contrast, among never smokers, these
effects were higher by 0.23% (0.09, 0.36), 0.17% (0.08, 0.26), 0.07% (-0.01, 0.15) and 0.35% (0.18,
0.52) respectively. When adjusting the three central adiposity measures for BMI, the effects among
current smokers changed direction and were higher by 0.14% (0.05,0.22) for waist circumference,
0.02% (-0.05,0.08) for hip circumference and 0.10% (0.02,0.19) for waist-hip ratio, for each extra
minor allele.

Conclusions: For a given BMI, a gene variant associated with increased cigarette consumption was
associated with increased waist circumference. Smoking in an effort to control weight may lead to
accumulation of central adiposity.
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Strengths and limitations of this study
e Thisis avery large Mendelian randomisation study of the relationship between smoking and
several anthropometric phenotypes relating to regional adiposity.
e Dataincluded never, former and current smokers from a very wide spectrum of ages among
29 studies.
e By using a genetic variant associated with smoking heaviness as a proxy for smoking
12 heaviness, bias from confounding is minimised and findings not affected by reverse
13 causality.
14 e Data for direct measures of fat such as fat mass, and the biomarker leptin, were available for
15 only about one fifth of the participants on whom weight, height, waist and hip were
16 measured
17 e Participants were exclusively of self-reported European ancestry, and were mostly recruited
18 in European countries.
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Introduction

Tobacco is the single most important cause of preventable death globally: one in two young people
taking up lifelong cigarette smoking will die of causes related to it . Enormous efforts have gone into
developing interventions for smoking cessation. Spontaneous cessation rates are low due to the high
proportion of smokers that are dependent on nicotine, and effective treatments are still not widely
available. One barrier to smoking cessation is the fear of weight gain. In a study of almost 2000
smokers in the USA, recruited into a trial of bupropion and/or nicotine inhalers to promote
cessation, 50% of female and 26% of male smokers reported that gaining weight discouraged them
from trying to quit °, while among adults in Finland, daily smokers were found to report more weight
concerns than former smokers or occasional smokers >.

A genetic variant in the chromosome 15 CHRNA5-CHRNA3-CHRNB4 gene region (rs16969968) codes
for a functional amino acid change D398N in the nicotinic receptor alpha 5 subunit. This SNP and
rs1051730, which is in perfect LD with rs16969968 in European populations, is associated with
smoking quantity in smokers *. The minor allele of this variant is associated with an average increase
in smoking amount of one cigarette per day in smokers and increases in cotinine (a metabolite of
nicotine) levels *®. It has also been found that the variant was associated with lower mean body
mass index (BMI) ", thus adding evidence that heavier smoking quantity leads to lower BMI. The
latter study also noted lower waist and hip circumference among smokers with the variant 2.
However, prior observational evidence suggests that waist circumference and waist-hip ratio may be
higher in smokers than in non-smokers after adjusting for BMI '°. It has also been observed that
smoking in adolescence predicts abdominal obesity in adulthood **. Moreover, heavy smokers
exhibit greater central adiposity than light smokers, based on an analysis of middle aged smokers of
European ancestry *2. These studies suggest that smoking leads to a central fat accumulation at the
expense of peripheral fat loss, particularly in women 3. In addition, there are also suggestions that
smoking may lead to loss of muscle mass as indicated by lower hip circumferences in smokers. This is
of high public health relevance in view of the reported greater impact of increased central adiposity
both on mortality ***°, and on the development of diabetes especially among women **’. and that
smoking is associated with an increased risk of type 2 diabetes’®.

We previously used Mendelian Randomisation methods to investigate the effect of smoking quantity
on BMI ”°. This method exploits Mendel’s laws concerning the random assortment of alleles at the
time of gamete formation so that individuals are allocated at random to having 0, 1 or 2 alleles in the
rs1051730/rs16969968 genotype. The effect of this genotype on smoking quantity among smokers
has been demonstrated ®, and thus the inverse relationship between allele count and BMI is not
subject to effects of confounding and reverse causality. Using a substantial pool of studies in the
consortium for Causal Analysis Research in Tobacco and Alcohol (CARTA), we have extended our use
of Mendelian Randomisation methods to examine the effect of smoking quantity on a range of
adiposity phenotypes. We test the hypotheses that (i) phenotypes representing central adiposity are
affected by smoking quantity differentially from other phenotypes, and (ii) these effects are more
marked among women than among men.
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42 s 2
a g
ji Adiposity measures v 3
3 o
jg Direct physical measurements included weight, height, waist and hip circumference, arm 2 Z
— c
47 circumference, triceps skinfold and subscapular skinfold thickness. Fat mass and fat free mass were § 2
48 available from bioimpedance measures, while leptin and adiponectin were the two biochemical 3 N
49 markers related to fat mass. e B
50 E- 2
g; Body mass index (weight/height?) and waist-hip ratio (waist/hip) were calculated. ' gi
«Q
gj Waist circumference and waist-hip ratio were taken as key measures of central adiposity, while body %
55 mass index (BMI) acted as a non-specific measure of adiposity for purposes of adjustment in g
56 regression analysis. g
57 8
58 5
59 =
60 S
Q.
@
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Smoking status

Smoking status was self-reported (either by questionnaire or interview) at the same time as regional
adiposity measures for all studies, with the exception of 1958 BC (see supplementary material).
Individuals were classified as current, former, ever (i.e., current and former combined) or never
cigarette smokers. 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 children and NFBC 1986), analyses were restricted
to current daily smokers who reported smoking at least one cigarette per day (current smokers) and
individuals who had never tried smoking (never smokers).

Statistical analysis

Analyses were conducted within each contributing study using Stata (Stata Corp, College Station, TX,
USA) and R (R Foundation for Statistical Computing, Vienna, Austria. www.R-project.org) software,
following the same analysis plan. Analyses were restricted to individuals with full data on smoking
status and rs1051730/rs16969968 genotype, and having data on at least one of the regional
adiposity phenotypes.

Within each study, genotype frequencies were tested for deviation from Hardy Weinberg
Equilibrium (HWE) using a chi-squared test. Mendelian randomisation analyses of the association
between rs1051730/rs16969968 and each regional adiposity phenotype were performed using
linear regression, stratified by smoking status (never, former and current) and sex, and adjusted for
age. Apart from height, natural logarithmic transforms were taken of every anthropometric
phenotype. An additive genetic model was assumed on log values, so that each effect size could be
exponentiated to represent the percentage increase per minor (risk) allele. These analyses were
presented separately for each smoking status category. All phenotypic measures were further
adjusted for log (BMI) (apart from weight, height and BMI itself), thus assessing the effect of the
particular adiposity measure after adjusting for this global weight measure. Log (weight) was
adjusted for height instead of log (BMI). Since adjustment for ratio variables in anthropometric
studies has been criticised *°, we further adjusted waist circumference for log(weight) and height.
Finally we repeated analysis of waist circumference adjusted for BMI restricted to participants with
BMI under 30 kg/m”. 95% confidence intervals have been quoted for all effect sizes.

Meta analysis was also carried out of the relationship between reported daily cigarette consumption
and rs1051730/rs16969968 genotype, among current smokers.

Although analyses were carried out for males and females separately, the estimates were combined
where no evidence for separate sex effects was seen. For NHANES, which has a survey design, Taylor
series linearization was implemented to estimate variances. For studies including related family
members appropriate methods were used to adjust standard errors: in GEMINAKAR, twin pair
identity was included as a cluster variable in the model, in MIDSPAN linear mixed effects regression
models fitted using restricted maximum likelihood were used to account for related individuals,
while in NTR, only unrelated individuals were included. ALSPAC mothers and children were analysed
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as separate samples; as there are related individuals across these samples, sensitivity analyses were
performed excluding each of these studies in turn.

Results from individual studies were meta-analysed in Stata (version 13) using the “metan”
command from Stata. Where there was evidence of heterogeneity between studies (I > 50%), it was

©CoO~NOUITA,WNPE

planned that both fixed and random effects analyses would be performed: however as this never

10 occurred, results for fixed effects analysis only are shown. Meta-regression analysis, using the

11 “metareg” command from Stata, was used to examine whether SNP effects varied by smoking status
or by sex, or by a smoking by sex combination.
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Results
Descriptive statistics

The maximum sample size available, with genotype recorded, was 148,731 for weight, height and
BMI, over 29 studies. The data on individuals with weight, height, smoking status and genotype
recorded, included 66,809 never smokers, 43,009 former smokers and 38,912 current smokers.
Waist circumference was available in 28 studies (n=142,381), hip circumference and waist-hip ratio
in 25 studies (n=139,667). Measures of fat mass and fat free mass were provided by 10 studies
(n=28,231), arm circumference by nine studies (n=72,536), and the skinfolds by five studies
(n=7,758). Finally leptin and adiponectin were measured in nine studies (n=23,630 and 19,191
respectively). Overall, 47% of the combined study population was male. The median age within the
contributing studies ranged from 16-74 years. Descriptive statistics for each of the study populations
are found in the supplementary material (Table S1).

Minor allele frequency for rs1051730/rs16969968 ranged between 0.31 and 0.36. There was no
strong evidence for deviation from the Hardy-Weinberg Equilibrium in any of the studies (p-values
all 20.09, Table S2).

Mendelian Randomisation analysis

Table 1 shows the per-allele increases in each phenotype, within each smoking status category. As
previously shown °, increase in BMI was positive in never smokers: +0.35% (95%Cl 0.18, 0.52;
p=6.38*10"), non-significant in former smokers: -0.14% (95%Cl -0.34, +0.07; p=0.19) and
significantly inverse in current smokers: -0.74% (95%Cl -0.96, -0.51; p=2*10"). Full results for each
contributing study are shown in Figure S1.

Waist circumference was higher per minor allele in never smokers: +0.23% (95%Cl 0.09, 0.36;
p=0.0012), non-significantly related in former smokers -0.07% (95%Cl -0.24, 0.09; p=0.37), and lower
in current smokers -0.37% (95%Cl -0.55, -0.19; p=1.69*10"): differences among smoking groups
were highly significant (p=3.85*10"), see Figure $2. The per-allele effect on waist circumference in
current smokers was about half the magnitude of that seen for BMI. After adjustment for log(BMl),
the minor allele of rs1051730-rs16969968 was not associated with waist circumference in either
never smokers: +0.01% (95%Cl -0.06, 0.08; p=0.72) or former smokers +0.06% (95%Cl -0.02, 0.15;
p=0.15). However in current smokers, the minor allele was associated with a 0.14% (95%Cl 0.05,
0.22; p=0.003) higher waist circumference after adjustment for log(BMI). Very similar results were
seen in all three smoking status categories after waist was adjusted for log(weight) and height
instead of log(BMI). Effects of genotype on waist circumference were shown to differ between
smoking status categories before adjustment (p=3.85*10") but only weakly after adjustment for
log(BMI) (p=0.102), and after adjustment for log(weight) and height (p=0.018). Little heterogeneity
of study results was evident (1°<=25% within all smoking groups). After restricting analysis to
participants with BMI under 30 kg/m?, we found that the percentage increases in waist
circumference (after adjustment for log(BMI)) were 0.04% (95%Cl -0.03, 0.12) for never smokers,
0.03% (95%Cl -0.06, 0.13) for ex-smokers and 0.12% (95%Cl 0.02, 0.21) for current smokers:
however the test for difference in effects gave p=0.41.
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Unadjusted results for hip circumference were very similar to that seen for waist, both in direction
and magnitude, in all smoking status groups (Figure S3). However after adjustment for log(BMlI),
effects were not apparent in any of the three groups, and nor was the interaction of gene and
smoking status.

Results for waist-hip ratio were similar to BMI, waist and hip circumference in direction but were
smaller in magnitude: +0.07%, 0.00% and -0.08% increases in never-smokers, former smokers and
current smokers respectively, (p=0.083 for differences between smoking categories), see Figure S4.
After adjustment for log(BMI), increases remained non-significant for never smokers and former
smokers (-0.01% and 0.04%) but increased significantly among current smokers (0.10%) (p=0.13 for
differences among smoking groups).

For several other phenotypes, per-allele decreases were observed in current smokers that exceeded
those seen either in former or never smokers (Table S4). However there was only statistical evidence
for decreases among current smokers for arm circumference (p=8.4*10°) and leptin (p=0.025), while
the difference between smoking groups was only significant for arm circumference (p=3.29*10).
Both effects became non-significant after adjustment for log(BMI). Fat mass and fat free mass, after
adjustment by height, showed differences in effects by smoking group. These effects were more
due to per-allele increases seen among never smokers than decreases among current smokers.

Meta-regression analyses showed no clear evidence for associations between genotype and each
adiposity phenotype being modified by sex: p-values exceeded 0.1 for all phenotypes, adjusted or
unadjusted, apart from hip circumference. The per-allele decreases in hip circumference among
current smokers appeared more marked among women (p=0.067), but this effect was no longer
apparent after adjusting for BMI (p=0.51).

The mean difference in daily cigarette consumption was 0.77 among current smokers (95%Cl 0.67 to
0.88, 1°=17%).
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Discussion

This meta-analysis of 29 studies comprising almost 150,000 participants with key adiposity
phenotypes, has demonstrated firstly, that a variant associated with increased cigarette
consumption was associated not only with lower BMI among current smokers, consistent with
earlier findings ’ %, but also with lower waist and hip circumference. Secondly, the inverse association
of the variant with lower waist circumference among current smokers changed direction after
adjusting for BMI. The variant was positively associated with waist circumference but associated
neither with hip circumference after BMI adjustment, nor waist-hip ratio. Our results suggest that
for every copy of the minor allele associated with cigarette consumption (i.e. increasing cigarette per
day consumption by approximately one cigarette), waist circumference will be increased by 0.14% if
BMI were to remain constant. This suggests a preferential re-distribution towards central adiposity
associated with higher cigarette consumption: this important finding is in keeping with our
hypothesis and extends current observational data.

We also observed that none of the effects were modified by sex, contrary to our second hypothesis.
Finally we have already noted among never-smokers an unexpected positive association of the gene
variant with BMI ° : the current analysis demonstrates this same association with waist and hip
circumference. This occurred in the opposite direction to the inverse association of various adiposity
measures with the gene variant seen in current smokers (before adjustment for BMI).

The analysis consisted of never, former and current smokers from a very wide spectrum of ages
among the 29 studies. The sample size was very large for the primary phenotypes considered here.
Participants were exclusively of self-reported European ancestry, and were mostly recruited in
European countries. The data available for direct measures of fat such as fat mass, and the
biomarker leptin, were available for only about one fifth of the participants on whom weight, height,
waist and hip were measured. Effects according to genotype for these phenotypes showed broadly
similar results for the three smoking categories to those seen for BMI.

Mendelian randomisation has proved a powerful tool for eliciting causal associations between
phenotypic measures®. In the present analysis, Mendel’s laws concerning random assignment of
genotype should produce an unconfounded comparison between the genotype influencing smoking
consumption and the outcomes of interest, namely anthropometric phenotypes. Furthermore,
because this random assignment occurs at the very outset of life, the associations between
genotype and anthropometric measures cannot be due to reverse causality. If the genotype only
influences smoking consumption, and not the initiation of smoking, then the relationship between
genotype and anthropometric outcomes would only be expected among smokers.

The reversal of the association between waist circumference and allele count from negative to
positive among current smokers after adjustment for BMI may be consistent with alternative
explanations. Firstly, heavy smokers may have less muscle mass; however no association between
allele count and fat free mass could be detected in our analysis among smokers. Secondly, the test
for interaction for smoking status and allele count on waist circumference after adjustment was of
weak statistical significance. Thirdly, the adjustment of one measure of adiposity with another with
which it is highly correlated may have caused a spurious association. We repeated our analysis for
participants with BMI under 30 only, where the correlation was more modest, and obtained similar
results albeit with reduced evidence for an effect.
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Stratification of our analyses by smoking status, could in theory introduce bias by conditioning on a
collider (rs1051730/rs16969968) **. This variant does not show strong evidence for association with
smoking initiation (ever vs never smoking), but does show some evidence for association with
smoking cessation (current vs former smoking) 22. Whilst this is a possibility, no effect modifications
of this variant with potential confounders by smoking status, were demonstrated among 56,625
participants in the HUNT studly ®.

Cross sectional observational data from Switzerland has demonstrated that waist and hip
circumference were more strongly related to number of cigarettes smoked per day than was BMI*,
while in Scotland being a smoker was associated with greater central adiposity among women'? . In a
Finnish longitudinal twin cohort study, smoking in adolescence predicted abdominal obesity in
adulthood **. Observational data are however prone to confounding and reverse causality, and the
present study adds some evidence that the associations reported are likely to be causal.

Some observational studies have noted that low fat free mass > and bone mineral density %*, were
more common among smokers. The present analysis has not substantiated the association with fat
free mass although our sample size was much more limited for this phenotype.

Our findings resonate with observational studies which have shown associations between smoking

and risk of diabetes >’ *8

, especially as analysis of the British Women’s Heart and Health Study
showed that abdominal adiposity was a stronger predictor of diabetes than was BMI *°. Waist
circumference, and waist-to-hip ratio were strongly associated, independently of BMI, with the risk
of death among 359,387 participants from nine countries in the European Prospective Investigation
into Cancer and Nutrition *>. Therefore the health hazards of smoking could well be enhanced, or
partly mediated through increasing abdominal adiposity. In addition, the desire of many smokers to
use smoking as a means of weight control > might be counterproductive, if a loss of weight is
accompanied by a relative increase in waist circumference: this possibility could be used in

counselling people seeking to quit smoking.

People who quit smoking appear to be at increased risk of acquiring diabetes in the short term and
this was not explained by weight gain in a Japanese population *. The present study took place
almost exclusively of white European participants, and replication of the findings among other
ethnic populations would be of great value. This is especially urgent on a global scale since smoking
levels are increasing among several non-white ethnic groups, and this is seen to be partly
responsible for increases in coronary heart disease mortality in Beijing, China *°, in Syria %, and in
Tunisia among women *%. In addition, increases in average waist circumferences have been observed
even when average BMI levels have remained constant *°, and metabolic disorders especially
diabetes have increased in prevalence®. It is thus possible increased CHD mortality will be partly
fuelled by increasing smoking levels.

Mendelian Randomisation studies have more potential than traditional observational
epidemiological studies to establish causality for specific exposures *°, and they should now be used
to investigate other impacts of smoking, in particular on pathways leading to Type 2 diabetes, as well
as on Type 2 diabetes itself. The findings of the current study could now be further tested by
assembling data from randomised trials of smoking cessation, where post intervention data on
measures of central adiposity are available. If confirmed, a tendency for smokers to acquire an
“apple shape” due to increasing central adiposity might provide a novel health promotion message
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to encourage smoking cessation, and appropriate new interventions should then be designed and
evaluated as part of overall tobacco control policies in society.
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Table 1. Per allele percentage increases in measures of regional adiposity (BMI, weigh, waist circumference, hip circumference, waist-hip ratio) among

never, ex and current smokers, before and after adjustment for body mass index

BMI (kg/m?)

Waist
circumference
(em)

Hip circumference
(cm)

Never

smokers
%
increase 0.35
95%CI (0.18,0.52)
p 6.38x10°
N 66,809
r 14%
%
increase 0.23
95%CI (0.09,0.36)
p 0.0012
N 64,265
P 14%
%
increase 0.17
95%CI (0.08,0.26)
p 2.95x10™
N 62,323
r 7%

ADJUSTED FOR AGE

Former
smokers

-0.14
(-0.34,0.07)
0.19
43,009

0%

-0.07
(-0.24,0.09)
0.37
40,756

0%

-0.07
(-0.17,0.04)
0.23
40,512

0%

Current
smokers

p for
interaction*

-0.74

(-0.96,-0.51)

2.00x10™°
38,912

0%

4.95x10"

-0.40
(-0.57,-0.22)
1.69x10°
37,360

10%

3.85x 107

-0.31
(-0.42,-0.19)
2.55x107
36,833

0%

1.79x10°

Never
smokers

0.01
(-0.06,0.08)
0.72

0%

0.02
(-0.03,0.07)
0.38

16%

ADJUSTED FOR AGE AND

BMI

Former

smokers Current smokers

0.06
(-0.02,0.15)
0.15

0%

0.02
(-0.04,0.08)
0.54

0%

p for
interaction*

0.14
(0.05,0.22)

0.003 0.087

13%

0.02
(-0.05,0.08)

0.59 0.99

0%
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%
Waist-hip ratio increase
95%CI

p
N

IZ

0.07
(-0.01,0.15)
0.087
62,322

21%

BMJ Open
0 -0.08
(-0.10,0.10)  (-0.19,0.03)
0.97 0.14 0.083
40,512 36,833
9% 15%

-0.01
(-0.08,0.06)
0.78

0%

0.04
(-0.04,0.13)
0.30

0%

Page 28 of 43

0.1
(0.02,0.19)
0.02 0.13

13%

*Interaction assessed by assessing heterogeneity between effect estimates according to smoking status, with fixed effects model
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1

2

3

4

g Table S1. Distribution of smoking status, sex and age, and availability of regional adiposity phenotypes, in each of the 29 studies

7 Study Total N Never  Ex Current % male Median =3 T s = Z @ A o o o z
9 smoker smoker smokers age ‘TEQ: = 4 g ED" 5 S

10 s s 5 3 a

1; 2 5
1

13 1958 BC 5,022 2,353 1,449 1,220 50 42 * * * * *

14

15 ALSPAC 1,664 1,336 0 328 48 17.8 * * * *

16 children

17

18 ALSPAC 1,530 1,004 395 131 0 48 * * * * *

19 mothers

20

g; BRHS 3,576 1,040 2,072 464 100 68 * * * * * * * * * * *
22 BWHHS 3,615 2,043 1,180 392 0 68 * * * * * * *
gg Caerphilly 1,155 226 592 337 100 62 * * * *

% CHDS 614 313 136 165 50 30 * * * *

ég Colaus 4,305 1,817 1,393 1,095 43 53 * * * kK * * * *
g; Dan- 2,245 642 575 1,028 51 54 * * * * * * *

33 MONICA

34

35 EFSOCH 1,214 749 228 238 44 32 * * * * * * *

36

37 ELSA 4,978 1,726 2,551 701 46 65 * * * *

38

39 Finrisk 20,368 9,755 5,493 5,120 46 51 * * * *

40

41

42

43

44

45
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GEMINAKA 1,120
R

Generatio 7,294

n Scotland

GOYA 765
males

GOYA 1,015
females

HBCS 1,626
Health 3,211
2006

Health 624
2008

HUNT 55,476

Inter 99 5,399
Midspan 2,099
NFBC 1966 3,729
NFBC 1986 1,171
NHANES 2,045

NSHD 1,751

556 185
3,893 2,421
759 108
172 213
703 551
1,382 1,078
280 221

24,302 14,144
1,986 1,427
994 574
1,763 577
752 0

987 616
776 639
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379

980

148

380

372

751

123

17,030
1,986
531
1,389
419
442

336

48

41

100

43

44

44

48
49
45
50
48
38

48

BMJ Open
38 * * *
57 * * *
45 * * *
38 * * *
61 * * *
50 * * *
47 * * *
47 * * *
45 * * *
45 * * *
31 * * *
16 * * *
431 * * *
53 * * *
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NTR 3,718 1,822 1,081 815 36 39 * * * *

PROSPER 5,145 1,761 2,022 1,362 48 74 * * * *
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Whitehall 2,836 1,383 1,088 365 75 48 * * * *
Il (phase 3)

15 Whitehall 2,921 1,426 1,278 217 77 59 * *
16 Il (phase 7)

20 1. Weighted values from survey data
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1

2

3

4

g Table S2. Distribution of genotypes for SNP rs1051730/rs16969968, minor allele frequency and p-value from test for Hardy-Weinberg equilibrium (HWE)
7 Study Major Heterozygotes Minor MAF HWE p-

8 homozygotes homozygotes value

30 1958 BC 2,178 2,230 614 0.34 0.4
11 ALSPAC children 740 752 172 0.33 0.37
12 ALSPAC mothers 711 664 155 0.32 1
13 BRHS 1,631 1,540 405 0.33 0.15
14 BWHHS 1,591 1,625 399 0.34 0.59
ig Caerphilly 523 512 120 0.33 0.75
17 CHDS 286 273 55 0.31 0.37
18 Colaus 1,778 1,980 547 0.36 0.91
19 Dan-MONICA 993 1,000 252 0.33 0.83
20 EFSOCH 568 523 124 0.32 0.82
g;’ ELSA 2,265 2,169 544 0.33 0.47
23 Finrisk 9,251 8,979 2,138 0.32 0.59
24 GEMINAKAR 530 477 113 0.32 0.43
25 Generation 3,261 3,251 782 0.33 0.52
26 Scotland

27 GOYA males 443 473 99 0.34 0.2
;g GOYA females 338 329 98 0.33 0.09
30 HBCS 699 746 181 0.34 0.39
31 Health 2006 1,436 1,429 346 0.33 0.77
32 Health 2008 291 269 64 0.32 0.87
33 HUNT 24,621 24,579 6,276 0.33 0.23
gg Inter 99 2,364 2,423 612 0.34 0.63
36 Midspan 953 931 215 0.33 0.87
37 NFBC 1966 1,711 1,612 406 0.33 0.38
38 NFBC 1986 554 521 9% 0.3 0.08
zg NHANES 864 928 253 0.35 0.88
41

42

43

44

45
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NSHD 827
NTR 1,727
PROSPER 2,403
Whitehall Il (phase 1,276
3)

Whitehall Il (phase 1,285
7)
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1

2

3

4

5 Table S3. Per allele percentage increases in measures of regional adiposity measures (fat mass, fat free mass, leptin, adiponectin, arm circumference,
? triceps skinfold, subscapular skinfold) among never, former and current smokers, before and after adjustment for body mass index
g ADJUSTED FOR AGE ADJUSTED FOR AGE AND BMI *
10 Never Former Current Never Former Current

11 smokers smokers smokers smokers smokers smokers

12 p for p for
13 interaction interaction +
14 +

15 Fat mass % 0.42 -0.33 -0.43 0.85 -0.31 -0.43

16 increase

17 95%Cl  (-0.09, (-0.93, (-1.13, (0.25, (-0.97, (-1.13,

18 0.94) 0.27) 0.28) 1.45) 0.36) 0.28)

leg p 0.11 0.28 0.24 0.08 0.005 0.37 0.42 0.015
21 N 15,249 11,381 6,914

22 I 45% 20% 6% 21% 19% 5%

23

gg Fat free mass % 0.36 -0.03 0.03 0.44 -0.08 -0.08

26 increase

57 95%Cl  (0.09,0.63) (-0.33, (-0.35, (0.22, (-0.34, (-0.40,

o8 0.28) 0.41) 0.67) 0.19) 0.25)

29 p 0.008 0.86 0.89 0.13 1.19x10* 0.57 0.64 3.95x103
30 N 15,543 11,511 7,011

31 ? 19% 0% 36% 13% 0% 24%

32

33

34 Leptin % -0.97 0.03 -3.48 -0.66 -0.38 -1.36

35 increase

36 95%Cl  (-3.34, (-2.32, (-6.42, - (-2.53, (-2.24, (-3.64,

37 1.45) 2.43) 0.44) 1.26) 1.52) 0.98)

38 p 0.43 0.98 0.025 0.2 0.5 0.69 0.25 0.81
39 N 8,840 8,472 6,073

40

41

42

43

44

45
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Adiponectin

Arm
circumference

Triceps skinfold

Subscapular
skinfold

%
increase
95%Cl

p
N
/2

%
increase
95%Cl

p
N
IZ
%

increase
95%Cl

p
N
IZ
%
increase

95%ClI

p

15%

-0.04

(-2.17,
2.13)
0.97

8,840
16%

0.11

(-0.05,
0.27)
0.17

32,413
0%

0.86

(-1.05,
2.81)
0.38

3,234
71%

-0.16

(-2.14,
1.87)
0.88

0%

-2.96

(-5.35, -
0.51)
0.18

8,472
18%

-0.17

(-0.36,
0.02)
0.08

20,063
0%

1.98

(-0.18,
4.18)
0.072

3,064
0%

-0.93

(-2.83,
1.01)
0.34
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5%

-0.31

(-3.07,
2.54)
0.83 0.18

6,073
2%

-0.4

(-0.60, -
0.20)
8.40x 10°

20,061
0%

3.29x 10"

-2.14

(-5.31,
1.13)
0.2 0.12

1,460
0%

-2.29

(-5.54,
1.06)
0.18 0.55

0%

-0.23
(-2.30,

1.89)
0.83

18%

-0.08
(-0.17,

0.01)
0.09

0%

-0.64
(-2.17,

0.90)
0.41

42%

0.14

(-1.01,
1.31)
0.81

23%

-2.88
(-5.22, -

0.48)
0.019

21%

-0.03
(-0.14,

0.08)
0.6

46%

1.98
(0.12,

3.87)
0.037

0%

-0.41

(-1.89,
1.10)
0.59

0%

-1.14
(-3.81,

1.60)
0.41

18%

0.06
(-0.05,

0.17)
0.25

0%

1.6
(-3.92,

0.79)
0.19

0%

-1.23

(-3.29,
0.87)
0.25
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3,234 3,064 1,460
P 56% 0% 8% 0% 0% 3%

©CoOo~NoOU A WNER
=2

10 *adjustment only made for age and height for fat mass and fat free mass

12 +Interaction assessed by assessing heterogeneity between effect estimates according to smoking status, with fixed effects model
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or the abstract
[Within the title page 1 and design section of the abstract page 6]

(b) Provide in the abstract an informative and balanced summary of what was done

and what was found [See results section of abstract page 6]

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being reported
[Introduction on page 8]

Objectives 3

State specific objectives, including any prespecified hypotheses [See page 8]

Methods

Study design 4

Present key elements of study design early in the paper [Abstract page 6, end of
introduction page 8, methods pages 9-10]

Setting 5

Describe the setting, locations, and relevant dates, including periods of recruitment,

exposure, follow-up, and data collection [See Supplementary material]

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up

Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants [Top of methods section page 9, but mainly in

supplementary material]

(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed

Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable [See pages 9-10]

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods of
assessment (measurement). Describe comparability of assessment methods if there is

more than one group [See Supplementary material]

Bias 9

Describe any efforts to address potential sources of bias [last paragraph on page
10, page 11, penultimate paragraph page 14]

Study size 10

Explain how the study size was arrived at [N/A]

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why [page 10 under “Statistical
Analysis”]

Statistical methods 12

(a) Describe all statistical methods, including those used to control for confounding
[See pages 10-11]

(b) Describe any methods used to examine subgroups and interactions
[See pages 10-11]

(c) Explain how missing data were addressed [N/A]

(d) Cohort study—If applicable, explain how loss to follow-up was addressed

Case-control study—If applicable, explain how matching of cases and controls was
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Results

BMJ Open

addressed
Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses [bottom of page 10, page 11, penultimate para
on page 14]

Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed [Supp Table S1]

(b) Give reasons for non-participation at each stage [N/A]

(c) Consider use of a flow diagram [N/A]

Descriptive 14*
data

(a) Give characteristics of study participants (eg demographic, clinical, social) and information
on exposures and potential confounders [Supp Table S1]

(b) Indicate number of participants with missing data for each variable of interest [Supp Table
S1, S2]

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) [N/A]

Outcome data 15*

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures

[See Supplementary material]

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included [See pages 12-13, Table 1, Table S3, Figures S1-S4]

(b) Report category boundaries when continuous variables were categorized

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period [N/A]

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses [See page 13, last para]

Discussion

Key results 18  Summarise key results with reference to study objectives [see page 14, first two paras]

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias [see page 14, last three paras.]

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity

of analyses, results from similar studies, and other relevant evidence [see pages 14-15]

Generalisability 21

Discuss the generalisability (external validity) of the study results [see page 15]

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based [acknowledgements for each
primary study, pages 16-20]

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘2T aunr uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1IsnBny TT Uo 808800-5T0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado rING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 40 of 43

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Supplementary Figure S1-S4. Associations of rs1051730/rs16969968 with adiposity phenotypes (fixed effects meta-analysis) in never-smokers, ex-
smokers and current smokers. Results for male participants in upper panels, and for females in lower panels. Horizontal axis indicates difference in
mean log(phenotype) per allele
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10 S1. BMI
12 S2. Waist cirumference
14 S3. Hip circumference

16 S4. Waist-hip ratio
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Male, never smokers Male, former smokers Male, current smokers

Study % Study % Study %
ID Weight 1D Weight ID Weight
CHDS — 0.30 CHDS — 018 CHDS —— 0.43
Health2008 —_— 0.17 Health2008 —_— 020 Health2008 —_—H— 017
GOYA(M) —f 0.27 o : GOYA(M) — 1.11
ALSPAC children —e= 1.32 ggmﬁ?f?m . g'gg ALSPAC children —r— 0.32
GEMINIKAR —- 1.03 Caerphill [ 241 GEMINIKAR —eL 1.39
Caerphilly —_— 0.98 aerphitly — s Caerphilly —Ho— 1.47
NFBC 1986 —— 0.88 EFSOCH V1 043 NFBC 1986 —_— 0.73
EFSOCH —l— 0.99 HBCS 1 1.24 EFSOCH — 0.55
HBCS —— 0.61 NSHD r— 1.41 HBCS —L— 0.82
NSHD —— 1.07 NHANES — 0.99 NSHD —— 0.83
NHANES —— 1.60 MIDSPAN — 1.16 NHANES o - 0.80
MIDSPAN — 1.39 Dan-Monica10 — 1.42 MIDSPAN 0.79
Dan-Monica10 —— 0.77 Whitehall Il —— 4.20 Dan-Monica10 —o4 3.17
Whitehall Il o 4.83 Health2006 —t 1.91 Whitehall Il —— 1.73
Health2006 —— 2.00 BR - 9.56 Health2006 —er— 1.50
BRHS — 4.28 NTR — 175 BRHS 1 2.32
NTR —— 2.06 NFBC 1966 o 114 NTR lo— 2.03
NFBC 1966 —— 2.69 CoLaus N 264 NFBC 1966 —eH 3.78
Colaus - 2.61 ELSA —o 4.56 Colaus - 3.17
ELSA - 2.02 1958 BC e 283 ELSA o 1.42
1958 BC E 3.87 PROSPER [ 531 1958 BC F 2.56
PROSPER —— 1.74 Interg0 el 35 PROSPER +Ho— 3.68
Inter99 -+ 3.06 nte 3 - Inter99 — 4.97
GenScotland Jo- 4.42 GenScotland 4’_ 3.45 GenScotland &— 1.57
Finrisk - 11.82 Finrisk - 147 Finrisk 13.27
HUNT > 43.22 HUNT 19 39.02 HUNT + 45.41
Overall (Fsquared =5.6%, p =0.382) 100.00 Overall (I-squared =22.9%, p = 0.15§) 100.00 Overall (I-squared = 0.0%, p = 0.898) ¢ 100.00
1
T T T T T T I T T T T T T
- -05 0 05 1 -1 -.05 0 05 1 1 -05 0 05 1

Female, never smokers Female, former smokers Female, current smokers

Study % Study % Study %
D Weight D Weight D Weight
CHDS ! 029 — 0.26 CHDS : g.19
Health2008 —_— 17 1 : Health2008 — 0
GOYA(F) — 1.85 g%a\l(tR(zg)os 940 GOYA(F) —_— 0.64
ALSPAC children —— 1.46 GEMINIKAR 0'34 ALSPAC children I——o— 0.72
GEMINIKAR — 0.85 EFSOCH * 0ar GEMINIKAR —l— 1.29
NFBC 1986 b—— 1.15 g - NFBC 1986 — 1.44
EFSOCH o 1.58 ALSPAC Mums T 159 EFSOCH — 0.49
ALSPAC Mums —e 223 HBCS T 1.02 ALSPAC Mums B —— 0.49
HBCS —q 1.23 NSHD — 1.28 HBCS R 0.86
NeAREs = 3 MIDSPAN o T5e NeARES " — 9%
NHANE .75 — . NHANE — X
MIDSPAN — 1.14 Dan-Monica10 —_— 1.15 MIDSPAN —_— 152
Dan-Monica10 qlo— 1.15 Whitehall 1l — 0.99 Dan-Monica10 — 2.59
Whitehall I —— 0.90 Health2006 — 285 Whitehall I — - 0.48
Health2006 — 1.47 —t 6.12 Health2006 —+— 1.65
BWHHS o 5.00 NTR —e— 3.70 BWHHS —_— 1.97
NTR e 3.49 NFBC 1966 [ P 172 NTR —e 2.37
NFBC 1966 —— 2.18 Colaus —- 493 NFBC 1966 +o— 251
Colaus Te— 2.53 ELSA —— 5.88 Colaus — 3.37
ELSA +o— 2.75 1958 BC T 334 ELSA —_— 1.55
1958 BC —a- 2.35 PROSPER [ 228 1958 BC —— 2.57
PROSPER —- 3.43 * . PROSPER — 265
Inter99 —— 2.09 Inter99 - 3.67 Inter99 — 4.82
GenScotland Fo— 454 GenScotland - 6.03 GenScotland —t 234
Finrisk + 15.30 Finrisk S 12.22 Finrisk S 9.43
HUNT [» 38.93 HUNT < 35.30 HUNT * 52.02
Overall (l-squared = 22.7%, p =0.148) [§ 100.00 Overall (I-squared = 0.0%, p = 0.950¢ 100.00 Overall (ksquared = 19.8%, p = 0.183)9 100.00
1 1
T T T T T T T T T T T T
1 05 0 05 1 -1 -05 0 05 1 1 05 0 05 1

‘sa160jouyoe) feflLEFEY SBURYeM Y ‘6 il e H PRe i8It jFae(s itedsR ab] U sHednefyBlkddo Aq pe1osioid
* (s3gv) Jnauadns juswaublasug

Page 42 of 43

| 9p anbiydeiBoljqig 9ousby 1e GZoz ‘2T aunr uo /wod fwq uadolway/:diy woly pepeojumoq 'STOZ 1shBny TT Uo 808800-5T0Z-uadolwa/9eTT 0T Se paysiignd isiiy :uado CNg


http://bmjopen.bmj.com/

Page 43 of 43
BMJ O
pen

1
2
3
4
5
6
7
8
9 Male, never s
10 Sy mokers
11 M
CHDS % ale fo
12 Health20 Wei ! rm
COVAM) 4 eight Study er smokers
13 GEMINKAR —— 0.38 ID M
14 e = i p ale, cur
EFSOCH —— 1.22 Health2008 p—— Weight 2 rent sSm
15 HBCS —— 0.85 GOYAM U ‘ audy Oke If
“aHD —_L— 0.99 GEM%K)AR — 0.25 ' S
16 e eesBel —= 0%
Dan-Moni 1 1.0 H — : Health2 Wei
17 i s + i S =5
e: — — ¥ —
18 Healh2006 b 339 ,\N,IHANES _ 0.45 ooy —r 03
NTR T 4:12 D;LDSPAN 1_.— 12 NFBE 1||5|’y36 - 0:93
19 NFBC 1966 g 1.92 Whn'{MO"'Cam —t 1‘54 EFSOCH T 1.36
NFEC 1 - 192 Healfth%I i T 1.(1)9 HBCS i 1.39
20 A A 142 Bang_ 00 Ho- 14 NRAN —Ho— 051
5 £ o B =
GenScotland T 2.07 NFBC 1966 —l 18 Dan-Monica T 087
F 4 Lau 9.4 W 0 ]
2 inrisk - 4.08 ELSA — 3 hitehal Il L 1.08
2 5 oo £ 4 &
er: : . - 2
23 I (1squared = 1.2%, p = 0.444} tiar nter99 i 204 NTR [ 51
24 -444p 47.52 GenScotiand o 3 Coaus 0 = 254
- B f 3 i3
25 -1 =05 0 U T Overall (l-squa T 364 los8 BC bl 375
05 ‘ red = 12.0%, p = 0. 21 11.09 Intergo e 314
26 . .247) 4373 enScotland T 1.45
100.0 Finrisk T 2.99
P F T T 0 HUNT —r 5.05
-1 } T Ove -+ .
05 erall (I- 1.63
28 emale, never s 0o o5 (sauars =00, p 0759 1z
Stud: mo k QI 10.20
29 e ers T "
F U ——
-.05 T
30 cros % emale, forme o 05
31 gthﬂzF(;OB — eight %Udy r SMo k ers
MINIKAR —_— 0.39
32 NFBC 1986 i 921 c 9 Female
LSPAC Mums 2.15 HDS % , Curre
33 HBCS —— 0.9 Health2008 _ Weight st nt sm
NSHD —r 1.41 GOYA(F) I — IDUdy okers
3 s + i e == &
N — 30 AC RS 42
35 Dan-Monica1 | —o— 1.31 HBCS Mums — 0.67 SHDS Wei
Whitehall ||a 0 —1— 1.00 NSHD T 0.46 GeOaYIchOOS _r—o— Weight
36 Health2006 T 1.13 NHANES I 202 Geni B 9
BWHHS re— 1.31 MIDSPA — 1.08 SEMINKAR 29
NTR -+ 08 o [ I : FBC 1986 — 0.18
37 NF T .89 n-Monica10 1.46 ALSPAC A 06
NFBC 1966 + 509 Whitehall | - 0.74 Pbag C Mume — 750
38 i o el R
30 Ty T == i = i
GenScot — 33 NFEC 1966 =F 34 Dan-Monica10 - 988
40 GenScotland 1 3% CoLaus T, 634 Whitshal | ~r 0.95
o gl\nglT :_ ‘2‘-29 ELSA T 1:88 €alth2006 — ;gg
rall (I-squared = 26.0% 48 Inter99 el 448 NTR - 043
0%, p = . enS N 7. B v o
42 01) 3% CenSeotand ioul i3 NFBG 1060 = 1%
43 T T 1 .00 HUNT -+ 3.69 ELSA inan 2.10
-1 -05 T Overall (I-s T 6.35 1958 BC s 257
a4 ] 0 o |1 quared = 0.0%, p = 0 - :152_25 'é‘gergg T :13.32
. J A 6 n: — i
36.32 GenScotand - 12
00 8
45 U T 00 HUNT —— 1.89
={ - T Ovel - X
46 05 T o |1 rall (I-squared = 0.0%, p =0 4% $05%0
. P = 0.4%p) 5377
47 T T | 100.00
-so160 -1 -05 U T
1Bojouyda) fefluLpl . 0 05 A
. ' (‘Iggéf%@ﬁ PREMHBITY) G27R{5)
nauadng 1uewau§“%@h%ﬂw y
19 ! e
losu3 pHeseyBAGo A

4 nbludBJﬁOquﬂ SOUSBV e ou d wo 9prO|JUMO uo uadolw se
Gzoz ‘2T
9p o _wq‘uado[tu
! //:011
JJ | ’
1sn6nV
T 8088
00-GT0¢Z-
! T0
q y pap d ‘'ST0¢ T q pausuqnd
| 1S11) :uad
! O [CINd


http://bmjopen.bmj.com/

0
1
2
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

PRPRPOO~NOOOPRAWDNPE

Male, never smokers

Study
ID

Health2008
GOYAM)
GEMINIKAR
Caerphilly
NFBC 1986
EFSOCH
HBCS
NSHD
NHANES
MIDSPAN
Dan-Monica10
Whitehall Il
Health2006
BRHS

NTR

NFBC 1966
Colaus
ELSA

1958 BC
Inter99

GenScotland
Finrisk
HUNT

Overall (I-squared =0.0%, p = 0.58

441

Beerrtbrpterbt
2

Adl,

4

3.15

L d b

SRaenpAdN
NEovoy= i
CSoNaN©NON
8=

BMJ Open

Male, former smokers

Study %
ID Weight
Health2008 — 0.23
GOYA(M) —_ 0.28
GEMINIKAR —— 0.25
Caerphilly < 2.64
EFSOCH — 0.48
HBCS - 1.41
NSHD r— 1.55
NHANES T 0.95
MIDSPAN —— 1.10
Dan-Monica10 -+ 1.49
Whitehall Il - 4.32
Health2006 - 2.03
BRHS + 8.52
NTR - 1.78
NFBC 1966 - 1.09
ColLaus - 2.64
ELSA -] 4.86
1958 BC «+ 3.50
Inter99 > 2.09
GenScotland <+ 2.94
Finrisk > 10.87
HUNT 44.98
Overall (I-squared = 16.1%, p = 0.2443) 100.00
T T T T

Study
ID

Health2008
GEMINIKAR
NFBC 1986
ALSPAC Mums
HBCS

NSHD
NHANES
MIDSPAN
Dan-Monica10
Whitehall Il
Health2006
BWHHS

NTR
NFBC 1966
Colaus

Inter99
GenScotland
Finrisk
HUNT

Overall (I-squared = 17.2%, p= 0.3

U Y G | .1+l+1
SAARSARERRES A ST ARRNE

44

(o3

o
N
o
8:
o
S)

-1 -.05

(=}
=}
a

Female, former smokers

Male, current smokers

Study
ID

Health2008
GOYA(M)
GEMINIKAR
Caerphilly
NFBC 1986
EFSOCH
HBCS
NSHD
NHANES
MIDSPAN
Dan-Monica10
Whitehall Il
Health2006
BRHS

NTR

NFBC 1966
Colaus
ELSA

1958 BC
Inter99
GenScotland
Finrisk
HUNT

Overall (I-squared = 0.0%, p = 0.9

Study
ID

Health2008
GEMINIKAR
NFBC 1986
ALSPAC Mums
HBCS

NSHD
NHANES
MIDSPAN
Dan-Monica10
Whitehall Il
Health2006
BWHHS

NTR

NFBC 1966
ColLaus
ELSA

1958 BC
Inter99
GenScotland
Finrisk
HUNT
Overall (I-squared = 14.9%, p = 0.

besbbadoabpibllyy.

L s e
=4

‘sa1Bojouyoe) feflLEEFEY SBURYeM Y ‘6 Uil e H PReix8i:) jae(s iledsR ab]/Bul sHediefyBlkddo Aq pe1osioid

Study %
ID Weight
Health2008 —— 0.54
GEMINIKAR —_— 0.33
ALSPAC Mums — 2.10
HBCS b 1.20
NSHD T 1.53
NHANES —1— 0.93
MIDSPAN T 2.06
Dan-Monica10 — 1.30
Whitehall Il — 0.88
Health2006 —- 3.24
BWHHS - 6.21
NTR —r 4.01
NFBC 1966 T 241
Colaus - 4.62
ELSA -+ 6.22
1958 BC -~ 3.79
Inter99 T 3.32
GenScotland b\ 4.94
Finrisk > 13.59
HUNT 4 36.79
Overall (I-squared = 0.0%, p = 0.931) 100.00
T T T T

* (s3gv) Jnauadns juswaublosug

'
K

o
a
o

Page 44 of 43

| 9p anbiydeliBoljqig 9ousby 1e GZoz ‘2T aunp uo /wod fwq uadolway/:diy woly pepeojumoq 'STOZ 1shBny TT Uo 808800-GT0Z-Uadolwa/9eTT 0T Se paysiignd isiiy :uado CNg


http://bmjopen.bmj.com/

Page 45 of 43

Male,

Study
ID

Health2008
GOYA(M)
GEMINIKAR
Caerphilly
EFSOCH

Dan-Monica10
Whitehall Il
Health2006
BRHS

NTR
NFBC 1966

GenScotland
Finrisk

HUNT

Overall (l-squared

BMJ Open

former smokers

TY *? T 1 'T'TT?TTI'

=t
o

Male, current smokers

% Study
Weight ID
— ] 0.18 Health2008 —
—— 0.39 GOYA(M) i
I P 027 GEMINIKAR "
N 238 Caerphilly A
I 050 NFBC 1986 b
- 139 EFSOCH E
-« 1.64 HBCS 0
. 1.37 NSHR ™
i i NHANES
T 169 MIDSPAN —*
. 340 Dan-Monica10 -
® 198 Whitehall Il —
y 8.94 Health2006 g
. BRHS R
— 0.95 NTR —o
1 1.02 NFBC 1966 A
o 3.60 Colaus 1
<+ 5.58 ELSA
K 3.57 1958 BC -~
- 262 Inter99 ]
L & 4.04 GenScotland -
4 12.08 Finrisk *
41.25 HUNT
=204%,p = 0_142) 100.00 Overall (I-squared = 18.2%, p = 0.2
T T T T T T

‘sa160jouyoe) feflLEFEY SBURYeM Y ‘6 il B8 H PRe 1,8t jae(s iled3R ab] Bu sHednefyBlkddo Aq pe1osioid

1
2
3
4
5
6
7
8 Male, never smokers
9 %udy V\c;eight
Health2008 —f— 0.21
10
4 :
11 GOYA(M) 0.26
— .
GEMINIKAR 0.83
12 Caerphilly - 0.80
EFSOCH 3 078
—— k
13 HBCS —o— 0.65
14 NRANES 1 S5
MIDSPAN — 146
15 Dan-Monica10 T 1.07
Whitehall Il > 4.02
16 Health2006 - 2.09
17 BRHS « 3.62
NTR q- 1.26
NFBC 1966 + 272
18 Colaus > 3.01
ELSA . > 207
1958 B + 4.46
19 Inter99 - 3.10
20 GenScotland L & 4.32
Finrisk “ 10.70
HUNT 4778
21 Overall (l-squared = 14.2%, p = 0.248) 100.00
22 T T T
23 -1 -05 0 .05
24
25
26 Female, never smokers
27 Study ://G h
28 ID eight
29 Health2008 |—— 0.25
GEMINIKAR —- 0.93
30 NFBC 1986 — 1.16
31 AL%PSAC Mums < %83
HB -+ )
NSHD 4 1.35
32 NHANES o— 0.87
MIDSPAN -+ 1.17
33 Dan-Monica10 -+ 1.34
Whitehall Il 4 0.99
34 BWHHS T Q6
+ :
NTR -+ 2.19
35 NFBC 1966 - 1.72
36 Colaus - 2.98
ELSA > 3.29
37 1958 BC < 3.46
Inter99 + 2.77
38 GenScotland > 4.95
39 HORT 25
40 Overall (I-squared =29.8%, p = O.([QB) 100.00
T T T
41 -1 -05 0 .05 A
42
43
44
45
46
47

48 19p anbiydesBoljqig 9ausby e GZ0z ‘2T aunr uo /wod [wg uadolway/:d1ny woiy papeojumoqd ‘STOZ ISNBNY TT U0 808800-GT0Z-Uadolwa/9eTT 0T Se paysignd 1s11y :uado CINg

10

Female, former smokers Female, current smokers
Study % Study %
ID Weight ID Weight
Health2008 +—— 0.32 Health2008 —— 0.19
GEMINIKAR —_— 0.50 GEMINIKAR e 1.15
ALSPAC Mums —r 2.27 NFBC 1986 - 1.44
e ALSPAC Mums —— 0.51

HBCS 0.95 |
NSHD —r 1.42 HBCS — 0.69
NHANES —— 0.78 NSHD = 0.81
MIDSPAN -+ 1.44 NANES 1= 9.8
Dan-Monica10 —— 1.17 'I\D/“D ,\’/TAN 10 i 2'857;
Whitehall II —— 0.86 Wit —— 0.36
Health2006 - 3.39 R :

Health2006 — 1.83
BWHHS + 5.98 BWHHS T 185
NTR - 3.02 I .

NTR — 1.89
NFBC 1966 —— 1.47 .

NFBC 1966 2.10
Colaus - 4.26 Colaus + 2.86
ELSA + 7.63 ELSA - 2.19
1958 BC T 4.42 1958 BC - 3.70
Inter99 - 4.02 Inter99 - 6.06
GenScotland - 4.64 GenScotland - 2.50
Finrisk > 12.74 Finrisk + 10.03
HUNT 38.71 HUNT 54.65
Overall (I-squared = 0.0%, p = 0A419) 100.00 Overall (I-squared = 0.0%, p = 0.5$2) 100.00

T T 1 T T T T T

" (s34g

V) Jnaadns uawaubiasug

o

o
a


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Heavier smoking may lead to relative increase in waist
circumference: evidence for causal relationship from
Mendelian Randomisation meta-analysis. The CARTA

consortium

Journal:

BMJ Open

Manuscript ID:

bmjopen-2015-008808.R1

Article Type:

Research

Date Submitted by the Author:

14-Jul-2015

Complete List of Authors:

Morris, Richard; University of Bristol, School of Social & Community
Medicine

Taylor, Amy; 5. School of Experimental Psychology University of Bristol,
Fluharty, Meg; University of Bristol, School of Experimental Psychology
Bjorngaard, Johan; Norwegian University of Science and Technology,
Department of Public Health and General Practice

Asvold, Bjorn; Norwegian University of Science and Technology,
Department of Public Health

Elvestad, Maiken; Norwegian University of Science and Technology,
Department of Laboratory Medicine

Campbell, Archie; University of Edinburgh, Medical Genetics

Marioni, Riccardo; University of Edinburgh, Centre for Cognitive Ageing and
Cognitive Epidemiology

Kumari, Meena; University of Essex, ISER

Korhonen, Tellervo; University of Helsinki, Public Health

Mannisto, Satu; University of Helsinki, Public Health

Marques-Vidal, Pedro; Institute of Social and Preventive Medicine (IUMSP),
University Hospital of Lausanne,

Kaakinen, Marika; University of Oulu, Institute of Health Sciences
Cavadino, Alana; UCL,

Postmus, Iris; Leiden University Medical Center, Department of
Gerontology and Geriatrics

Husemoen, Lise-Lotte; Glostrup hospital, University of Copenhagen,
Research Centre for Prevention and Health

Skaaby, Tea; Glostrup hospital, University of Copenhagen, Research Centre
for Prevention and Health

Ahluwalia, Tarunveer; University of Copenhagen, Novo Nordisk Foundation
Centre for Basic Metabolic Research

Treur, Jorien; VU University, Department of Biological Psychology
Willemsen, Gonneke; VU University, Department of Biological Psychology
Dale, Caroline; London School of Hygiene and Tropical Medicine,
Epidemiology and Population Health

Wannamethee, Goya; University College London,

Lahti, Jari; University of Helsinki, Institute of Behavioral Sciences

Palotie, Aarno; Wellcome Trust Sanger Institute,

Raikkdnen, Katri; University of Helsinki, Institute of Behavioural Sciences
McConnachie, Alex; University of Glasgow, Robertson Centre for
Biostatistics

Padmanabhan, Sandosh; University of Glasgow, Institute of Cardiovascular

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saifojouyoal Jejiwis pue ‘Buiurey |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibolqig sousby 1e GZoz ‘2T aunc uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1Isnbny TT Uo 808800-GT0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Page 1 of 43

©CoO~NOUTA,WNPE

o
[Ny

U OB DMBEMDIAMDIMBAEDIAEMDIMNDIMWOWWWWWWWWWWNNNDNNNNNNNRPRPRERREREPR
QOO NOUPRRWNRPOOO~NOUOPRWNPRPOOONOUUPRARWNRPOOONOODURAWNRPOOONOOOGMWN

BMJ Open

and Medical Sciences, British Heart Foundation Glasgow Cardiovascular
Research Centre

Wong, Andrew; UCL, MRC Unit for Lifelong Ageing

Dalgé’lrd, Christine; University of Southern Denmark, Institute of Public
Health

Paternoster, Lavinia; University of Bristol, School of Social & Community
Medicine

Ben-Schlomo, Yoav; University of Bristol,

Tyrrell, Jessica; University of Exeter,

Horwood, L. John; University of Otago, Christchurch, Psychological
Medicine

Ferguson, David; University of Otago, Christchurch, Psychological Medicine
Kennedy, Martin; University of Otago, Department of Pathology

Nohr, Ellen; University of Southern Denmark, Institute for Clinical Research
Christiansen, Lena; University of Southern Denmark, Institute of Public
Health

Kyvik, Kirsten; University of Southern Denmark, Institute of Regional
Health Research

Kuh, Diana; MRC Unit for Lifelong Health and Ageing at UCL,

WATT, GRAHAM; UNIVERSITY OF GLASGOW, GENERAL PRACTICE
Eriksson, Johan; National Public Health Institute, Helsinki,

Whincup, Peter; St Georges, University of London,

Vink, Jacqueline; VU University Medical Center, Biological Psychology
Boomsma, Dorret; VU University, Biological Psychology

Davey Smith, George; University of Bristol, Social Medicine

Lawlor, Debbie; Department of Social Medicine, University of Bristol,
Department of Social Medicine

Linneberg, Allan

Ford, Ian

Jukema, J. Wouter; Leiden Univ,

Power, Christine

Hypponen, Elina

Jarvelin, Marjo-Riitta; University of Oulu, Institute of Health Sciences,
Public Health and General Practice; Imperial College, Department of
Biostatistics and Epidemiology, School of Public Health, Faculty of Medicine
Preisig, Martin; Lausanne University Hospital, Psychiatry

Borodulin, Katja; National Institute for Health and Welfare, Helsinki,
Finland ,

Kaprio, Jaakko; University of Helsinki, Public Health

Kivimaki, Mika; Finnish Institute of Occupational Health, Department of
Psychology

Smith, Blair; University of Dundee,

Hayward, Caroline

Romundstad, Paul; NTNU, Public Health

Sgrensen, Thorkild; Institute of Preventive Medicine, ; Novo Nordisk
Foundation Centre for Basic Metabolic Research, Section on Metabolic
Genetics, Faculty of Health and Medical Sciences

Munafo, Marcus; University of Bristol, Experimental Psychology

Sattar, Naveed; University of Glasgow, BHF centre

<b>Primary Subject
Heading</b>:

Smoking and tobacco

Secondary Subject Heading:

Diabetes and endocrinology

Keywords:

EPIDEMIOLOGY, GENETICS, Substance misuse < PSYCHIATRY, General
diabetes < DIABETES & ENDOCRINOLOGY

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘2T aunc uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1IsnBny TT Uo 808800-GT0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Page 2 of 43

BMJ Open

BMJ Open: first published as 10.1136/bmjopen-2015-008808 on 11 August 2015. Downloaded from http://bmjopen.bmj.com/ on June 12, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ANMITUON OO


http://bmjopen.bmj.com/

Page 3 of 43 BMJ Open

Heavier smoking may lead to relative increase in waist circumference: evidence for causal
relationship from Mendelian Randomisation meta-analysis. The CARTA consortium

Richard W. Morris %, Amy E. Taylor **, Meg E. Fluharty **, Johan H. Bjorngaard >, Bjgrn Olav Asvold

>’ Maiken Elvestad Gabrielsen &, Archie Campbell °, Riccardo Marioni ***

13-15

. Meena Kumari %, Tellervo

1718 Alana Cavadino %%,

2426 Jorien L.

, Satu Mannisto 3, Pedro Marques-Vidal *¢, Marika Kaakinen
21,22

Korhonen

©CoO~NOUITA,WNPE

, Lise Lotte N Husemoen *3, Tea Skaaby *, Tarun Veer Singh Ahluwalia
29,30

10 Iris Postmus

11 Treur ¥, Gonneke Willemsen %/, Caroline Dale *%, S. Goya Wannamethee 2, Jari Lahti

12 Palotie 3%

, Aarno

, Katri Raikkonen 2°, Alex McConnachie **, Sandosh Padmanabhan **, Andrew Wong *,
14 Christine Dalgard *’, Lavinia Paternoster 3, Yoav Ben-Shlomo ?, Jessica Tyrrell ***°, John Horwood *°,
15 David M. Fergusson *°, Martin A. Kennedy **, Ellen A. Nohr *, Lene Christiansen *, Kirsten Ohm

16 Kyvik *’, Diana Kuh ¢, Graham Watt **, Johan G. Eriksson **2%**” peter H. Whincup “®, Jacqueline

M. Vink ¥/, Dorret I. Boomsma */, George Davey Smith 2, Debbie Lawlor **, Allan Linneberg **°*°,

19 lan Ford **, J. Wouter Jukema >3, Chris Power %, Elina Hyppdnen *****, Marjo-Riitta Jarvelin *’*%>¢
20 *8 Martin Preisig *°, Katja Borodulin *°, Jaakko Kaprio *****°, Mika Kivimaki ®, Blair H. Smith ¢,
21 Caroline Hayward %, Pal R. Romundstad ®, Thorkild I. A. Sgrensen ****** Marcus R. Munafo ** *,

22 Naveed Sattar ® *

* Denotes joint senior author

29 Corresponding author: Professor Richard W Morris, School of Social and Community Medicine,
30 University of Bristol, Canynge Hall, Whatley Road, Bristol, BS8 2PS, United Kingdom. T: +44 (0) 117
31 907 8848; E: richard.morris@bristol.ac.uk

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘2T aunr uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1Isnbny TT Uo 808800-GT0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado CING

'saiIfojouyoal Jejiwis pue ‘Buiurey |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

1. School of Social and Community Medicine, University of Bristol, Bristol, UK
2. Department of Primary Care and Population Health, UCL, London, UK

3. MRC Integrative Epidemiology Unit (IEU) at the University of Bristol, University of Bristol, Bristol,
UK

4. UK Centre for Tobacco and Alcohol Studies and School of Experimental Psychology, University of
Bristol, Bristol, UK

5. Department of Public Health, Faculty of Medicine, Norwegian University of Science and
Technology, Trondheim, Norway

6. Forensic Department, Research Centre Broset, St Olav’s University Hospital Trondheim,
Trondheim, Norway

7. Department of Endocrinology, St. Olavs Hospital, Trondheim University Hospital, Trondheim,
Norway

8. Department of Laboratory Medicine, Children’s and Women’s Health, The Faculty of Medicine,
Norwegian University of Science and Technology, Trondheim, Norway

9. Medical Genetics Section, Centre for Genomic and Experimental Medicine, Institute of Genetics
and Molecular Medicine, University of Edinburgh, Edinburgh, UK

10. Centre for Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh, Edinburgh, UK
11. Queensland Brain Institute, University of Queensland, Brisbane, Australia

12. Institute for Social and Economic Research, University of Essex, Colchester, UK

13. Department of Public Health, Hjelt Institute, University of Helsinki, Helsinki, Finland

14. Institute of Public Health and Clinical Nutrition, University of Eastern Finland, Kuopio, Finland
15. National Institute for Health and Welfare, Helsinki, Finland

16. Department of Internal Medicine, Internal Medicine, Lausanne University Hospital, Lausanne,
Switzerland

17. Institute of Health Sciences, University of Oulu, Oulu, Finland
18. Biocenter Oulu, University of Oulu, Oulu, Finland

19. Centre for Environmental and Preventive Medicine, Wolfson Institute of Preventive
Medicine, Barts and the London School of Medicine and Dentistry, Queen Mary University of
London, London, UK

20. Population, Policy and Practice, UCL Institute of Child Health, University College London, UK

21. Department of Gerontology and Geriatrics, Leiden University Medical Center, Leiden, The
Netherlands

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 43

'saiIfojouyoal Jejiwis pue ‘Buiurey |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘2T aunr uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1Isnbny TT Uo 808800-GT0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Page 5 of 43 BMJ Open

w
<
(&
1 o)
2 @
3 22. Netherlands Consortium of Healthy Ageing, Leiden, The Netherlands i
4 7
5 23. Research Centre for Prevention and Health, the Capital Region of Denmark, Denmark iy
6 s
7 24. Novo Nordisk Foundation Centre for Basic Metabolic Research, Metabolic Genetics Section, g
g Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark g
QD
72}
12 25. Copenhagen Prospective Studies on Asthma in Childhood, Faculty of Health and Medical I b5
12 Sciences, University of Copenhagen, Copenhagen, Denmark % E
Q o
14 26. Danish Pediatric Asthma Center, Gentofte Hospital, The capital region, Copenhagen, Denmark g ;
15 S s
16 27. Netherlands Twin Register, Department of Biological Psychology, VU University, Amsterdam, The é e
17 Netherlands = §
18 (f;_;:: G
19 28. Faculty of Epidemiology and Population Health, London School of Hygiene & Tropical Medicine, =5 §
20 London, UK % ®
21 = ooo
>
22 29. Institute of Behavioural Sciences, University of Helsinki, Helsinki, Finland Q i
23 S ;
24 30. Folkhélsan Research Centre, Helsinki, Finland % mS
25 325
2]
g? 31. Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Cambridge, UK, g% N
SRt
gg 32. Institute for Molecular Medicine Finland (FIMM), University of Helsinki, Finland gg o
20
Ton<
w
32 33. The Medical and Population Genomics Program, The Broad Institute of MIT and Harvard, %g g
32 Cambridge, MA, USA z28
33 oc e
34 34. Robertson Centre for Biostatistics, University of Glasgow, Glasgow, UK %gg
35 3m
36 35. Institute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, UK gi@g
37 @ 2
38 36. MRC Unit for Lifelong Health and Ageing at UCL, London, UK > 5
39 5 S
40 37. Institute of Public Health, Department of Environmental Medicine, University of Southern g o
41 Denmark, Odense, Denmark e o
42 ® 3
[}
ji 38. European Centre for Environment and Human Health, University of Exeter Medical School, Truro, Z g
3 ~
45 UK 9? E
46 -
47 39. Genetics of Complex Traits, University of Exeter Medical School, Exeter, UK @ 5
8 S o
4
49 40. Department of Psychological Medicine, University of Otago, Christchurch, New Zealand % :
50 SR
51 41. Department of Pathology, University of Otago, Christchurch, New Zealand 2 ;’,‘
52 >
53 42. Institute for Clinical Research, University of Southern Denmark, Odense, Denmark S
>
54 3
55 43. Institute of Public Health, Department of Epidemiology, Biostatistics and Biodemography, ©
56 University of Southern Denmark, Denmark %
57 Q
58 44. University of Glasgow, Glasgow, UK 8
59 =
60 s
o
(¢}

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

45. Department of General Practice and Primary Health Care, University of Helsinki, Helsinki, Finland
46. Unit of General Practice, Helsinki University Central Hospital, Helsinki, Finland

47. Vasa Central Hospital, Vasa, Finland

48. Population Health Research Institute, St George’s University of London, London, UK

49. Department of Clinical Experimental Research, Glostrup University Hospital, Denmark

50. Department of Clinical Medicine, Faculty of Health and Medical Sciences, University of
Copenhagen, Denmark

51. Department of Cardiology, Leiden University Medical Center, Leiden, the Netherlands
52. Durrer Center for Cardiogenetic Research, Amsterdam, the Netherlands

53. Interuniversity Cardiology Institute of the Netherlands, Utrecht, the Netherlands

54. School of Population Health and Sansom Institute, University of South Australia, Adelaide,
Australia

55. South Australian Health and Medical Research Institute, Adelaide, Australia
56. Unit of Primary Care, Oulu University Hospital, Oulu, Finland

57. Department of Children and Young People and Families, National Institute for Health and
Welfare, Oulu, Finland

58. Department of Epidemiology and Biostatistics, MRC Health Protection Agency (HPA) Centre for
Environment and Health, School of Public Health, Imperial College London, London, UK

59. Department of Psychiatry, Lausanne University Hospital, Lausanne, Switzerland
60. Institute for Molecular Medicine Finland FIMM, University of Helsinki, Helsinki, Finland
61. Department of Epidemiology and Public Health, University College London, London, UK

62. Division of Population Health Sciences, University of Dundee, Ninewells Hospital and Medical
School, Dundee, UK

63. Medical Research Council Human Genetics Unit, Institute of Genetics and Molecular Medicine,
University of Edinburgh, Edinburgh, UK

64. Institute of Preventive Medicine, Bispebjerg and Frederikberg Hospitals, The Capital Region,
Copenhagen, Denmark.

65. BHF Glasgow Cardiovascular Research Centre, Faculty of Medicine, Glasgow, UK

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘2T aunc uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1Isnbny TT Uo 808800-5T0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado CING

Page 6 of 43


http://bmjopen.bmj.com/

BMJ Open

Page 7 of 43

BMJ Open: first published as 10.1136/bmjopen-2015-008808 on 11 August 2015. Downloaded from http://bmjopen.bmj.com/ on June 12, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ANMITUON OO


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Abstract

Objectives: To investigate, using a Mendelian Randomisation approach, whether heavier smoking is
associated with a range of regional adiposity phenotypes, in particular those related to abdominal
adiposity.

Design: Mendelian Randomisation meta-analyses using a genetic variant (rs16969968/rs1051730 in
the CHRNA5-CHRNA3-CHRNB4 gene region) as a proxy for smoking heaviness, of the associations of
smoking heaviness with a range of adiposity phenotypes.

Participants: 148,731 current, former and never smokers of European ancestry aged >16 years from
29 studies in the consortium for Causal Analysis Research in Tobacco and Alcohol (CARTA).

Primary outcome measures: Waist and hip circumference, and waist-hip ratio.

Results: The data included up to 66,809 never smokers, 43,009 former smokers and 38,913 current
daily cigarette smokers. Among current smokers, for each extra minor allele, the geometric mean
was lower for waist circumference by -0.40% (95% confidence interval -0.57,-0.22), with effects on
hip circumference, waist-hip ratio and body mass index (BMI) being -0.31% (95%Cl| -0.42,-0.19), -
0.08% (-0.19,0.03) and -0.74% (-0.96,-0.51) respectively. By contrast, among never smokers, these
effects were higher by 0.23% (0.09, 0.36), 0.17% (0.08, 0.26), 0.07% (-0.01, 0.15) and 0.35% (0.18,
0.52) respectively. When adjusting the three central adiposity measures for BMI, the effects among
current smokers changed direction and were higher by 0.14% (0.05,0.22) for waist circumference,
0.02% (-0.05,0.08) for hip circumference and 0.10% (0.02,0.19) for waist-hip ratio, for each extra
minor allele.

Conclusions: For a given BMI, a gene variant associated with increased cigarette consumption was
associated with increased waist circumference. Smoking in an effort to control weight may lead to
accumulation of central adiposity.
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Strengths and limitations of this study
e Thisis avery large Mendelian randomisation study of the relationship between smoking and
several anthropometric phenotypes relating to regional adiposity.
e Dataincluded never, former and current smokers from a very wide spectrum of ages among
29 studies.
e By using a genetic variant associated with smoking heaviness as a proxy for smoking
12 heaviness, bias from confounding is minimised and findings not affected by reverse
13 causality.
14 e Data for direct measures of fat such as fat mass, and the biomarker leptin, were available for
15 only about one fifth of the participants on whom weight, height, waist and hip were
16 measured
17 e Participants were exclusively of self-reported European ancestry, and were mostly recruited
18 in European countries.
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Introduction

Tobacco is the single most important cause of preventable death globally: one in two young people
taking up lifelong cigarette smoking will die of causes related to it . Enormous efforts have gone into
developing interventions for smoking cessation. Spontaneous cessation rates are low due to the high
proportion of smokers that are dependent on nicotine, and effective treatments are still not widely
available. One barrier to smoking cessation is the fear of weight gain. In a study of almost 2000
smokers in the USA, recruited into a trial of bupropion and/or nicotine inhalers to promote
cessation, 50% of female and 26% of male smokers reported that gaining weight discouraged them
from trying to quit °, while among adults in Finland, daily smokers were found to report more weight
concerns than former smokers or occasional smokers >.

A genetic variant in the chromosome 15 CHRNA5-CHRNA3-CHRNB4 gene region (rs16969968) codes
for a functional amino acid change D398N in the nicotinic receptor alpha 5 subunit. This SNP and
rs1051730, which is in perfect LD with rs16969968 in European populations, is associated with
smoking quantity in smokers *. The minor allele of this variant is associated with an average increase
in smoking amount of one cigarette per day in smokers and increases in cotinine (a metabolite of
nicotine) levels *®. It has also been found that the variant was associated with lower mean body
mass index (BMI) ", thus adding evidence that heavier smoking quantity leads to lower BMI. The
latter study also noted lower waist and hip circumference among smokers with the variant 2.
However, prior observational evidence suggests that waist circumference and waist-hip ratio may be
higher in smokers than in non-smokers after adjusting for BMI '°. It has also been observed that
smoking in adolescence predicts abdominal obesity in adulthood **. Moreover, heavy smokers
exhibit greater central adiposity than light smokers, based on an analysis of middle aged smokers of
European ancestry *2. These studies suggest that smoking leads to a central fat accumulation at the
expense of peripheral fat loss, particularly in women 3. In addition, there are also suggestions that
smoking may lead to loss of muscle mass as indicated by lower hip circumferences in smokers. This is
of high public health relevance in view of the reported greater impact of increased central adiposity
both on mortality ***°, and on the development of diabetes especially among women **’. and that
smoking is associated with an increased risk of type 2 diabetes’®.

We previously used Mendelian Randomisation methods to investigate the effect of smoking quantity
on BMI ”°. This method exploits Mendel’s laws concerning the random assortment of alleles at the
time of gamete formation so that individuals are allocated at random to having 0, 1 or 2 alleles in the
rs1051730/rs16969968 genotype. The effect of this genotype on smoking quantity among smokers
has been demonstrated ®, and thus the inverse relationship between allele count and BMI is not
subject to effects of confounding and reverse causality. Using a substantial pool of studies in the
consortium for Causal Analysis Research in Tobacco and Alcohol (CARTA), we have extended our use
of Mendelian Randomisation methods to examine the effect of smoking quantity on a range of
adiposity phenotypes. We test the hypotheses that (i) phenotypes representing central adiposity are
affected by smoking quantity differentially from other phenotypes, and (ii) these effects are more
marked among women than among men.
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Smoking status

Smoking status was self-reported (either by questionnaire or interview) at the same time as regional
adiposity measures for all studies, with the exception of 1958 BC (see supplementary material).
Individuals were classified as current, former, ever (i.e., current and former combined) or never
cigarette smokers. 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 children and NFBC 1986), analyses were restricted
to current daily smokers who reported smoking at least one cigarette per day (current smokers) and
individuals who had never tried smoking (never smokers).

Statistical analysis

Analyses were conducted within each contributing study using Stata (Stata Corp, College Station, TX,
USA) and R (R Foundation for Statistical Computing, Vienna, Austria. www.R-project.org) software,
following the same analysis plan. Analyses were restricted to individuals with full data on smoking
status and rs1051730/rs16969968 genotype, and having data on at least one of the regional
adiposity phenotypes.

Within each study, genotype frequencies were tested for deviation from Hardy Weinberg
Equilibrium (HWE) using a chi-squared test. Mendelian randomisation analyses of the association
between rs1051730/rs16969968 and each regional adiposity phenotype were performed using
linear regression, stratified by smoking status (never, former and current) and sex, and adjusted for
age. Apart from height, natural logarithmic transforms were taken of every anthropometric
phenotype. An additive genetic model was assumed on log values, so that each effect size could be
exponentiated to represent the percentage increase per minor (risk) allele. These analyses were
presented separately for each smoking status category. All phenotypic measures were further
adjusted for log (BMI) (apart from weight, height and BMI itself), thus assessing the effect of the
particular adiposity measure after adjusting for this global weight measure. Log (weight) was
adjusted for height instead of log (BMI). Since adjustment for ratio variables in anthropometric
studies has been criticised *°, we further adjusted waist circumference for log(weight) and height.
Finally we repeated analysis of waist circumference adjusted for BMI restricted to participants with
BMI under 30 kg/m”. 95% confidence intervals have been quoted for all effect sizes.

Meta analysis was also carried out of the relationship between reported daily cigarette consumption
and rs1051730/rs16969968 genotype, among current smokers.

Although analyses were carried out for males and females separately, the estimates were combined
where no evidence for separate sex effects was seen. For NHANES, which has a survey design, Taylor
series linearization was implemented to estimate variances. For studies including related family
members appropriate methods were used to adjust standard errors: in GEMINAKAR, twin pair
identity was included as a cluster variable in the model, in MIDSPAN linear mixed effects regression
models fitted using restricted maximum likelihood were used to account for related individuals,
while in NTR, only unrelated individuals were included. ALSPAC mothers and children were analysed
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as separate samples; as there are related individuals across these samples, sensitivity analyses were
performed excluding each of these studies in turn.

Results from individual studies were meta-analysed in Stata (version 13) using the “metan”
command from Stata. Where there was evidence of heterogeneity between studies (I > 50%), it was

©CoO~NOUITA,WNPE

planned that both fixed and random effects analyses would be performed: however as this never

10 occurred, results for fixed effects analysis only are shown. Meta-regression analysis, using the

11 “metareg” command from Stata, was used to examine whether SNP effects varied by smoking status
or by sex, or by a smoking by sex combination.
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Results
Descriptive statistics

The maximum sample size available, with genotype recorded, was 148,731 for weight, height and
BMI, over 29 studies. The data on individuals with weight, height, smoking status and genotype
recorded, included 66,809 never smokers, 43,009 former smokers and 38,912 current smokers.
Waist circumference was available in 28 studies (n=142,381), hip circumference and waist-hip ratio
in 25 studies (n=139,667). Measures of fat mass and fat free mass were provided by 10 studies
(n=28,231), arm circumference by nine studies (n=72,536), and the skinfolds by five studies
(n=7,758). Finally leptin and adiponectin were measured in nine studies (n=23,630 and 19,191
respectively). Overall, 47% of the combined study population was male. The median age within the
contributing studies ranged from 16-74 years. Descriptive statistics for each of the study populations
are found in the supplementary material (Table S1).

Minor allele frequency for rs1051730/rs16969968 ranged between 0.31 and 0.36. There was no
strong evidence for deviation from the Hardy-Weinberg Equilibrium in any of the studies (p-values
all 20.09, Table S2).

Mendelian Randomisation analysis

Table 1 shows the per-allele increases in each phenotype, within each smoking status category. As
previously shown °, increase in BMI was positive in never smokers: +0.35% (95%Cl 0.18, 0.52;
p=6.38*10"), non-significant in former smokers: -0.14% (95%Cl -0.34, +0.07; p=0.19) and
significantly inverse in current smokers: -0.74% (95%Cl -0.96, -0.51; p=2*10"). Full results for each
contributing study are shown in Figure S1.

Waist circumference was higher per minor allele in never smokers: +0.23% (95%Cl 0.09, 0.36;
p=0.0012), non-significantly related in former smokers -0.07% (95%Cl -0.24, 0.09; p=0.37), and lower
in current smokers -0.37% (95%Cl -0.55, -0.19; p=1.69*10"): differences among smoking groups
were highly significant (p=3.85*10"), see Figure $2. The per-allele effect on waist circumference in
current smokers was about half the magnitude of that seen for BMI. After adjustment for log(BMI),
the minor allele of rs1051730-rs16969968 was not associated with waist circumference in either
never smokers: +0.01% (95%Cl -0.06, 0.08; p=0.72) or former smokers +0.06% (95%Cl -0.02, 0.15;
p=0.15). However in current smokers, the minor allele was associated with a 0.14% (95%Cl 0.05,
0.22; p=0.003) higher waist circumference after adjustment for log(BMI). Very similar results were
seen in all three smoking status categories after waist was adjusted for log(weight) and height
instead of log(BMI). Effects of genotype on waist circumference were shown to differ between
smoking status categories before adjustment (p=3.85*10") but only weakly after adjustment for
log(BMI) (p=0.102), and after adjustment for log(weight) and height (p=0.018). Little heterogeneity
of study results was evident (1°<=25% within all smoking groups). After restricting analysis to
participants with BMI under 30 kg/m?, we found that the percentage increases in waist
circumference (after adjustment for log(BMI)) were 0.04% (95%Cl -0.03, 0.12) for never smokers,
0.03% (95%Cl -0.06, 0.13) for ex-smokers and 0.12% (95%Cl 0.02, 0.21) for current smokers:
however the test for difference in effects gave p=0.41.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 43

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublosug
| ap anbiydeibolqig sousby 1e GZoz ‘2T aunc uo jwod fwa uadolway/:diy woly pspeojumoqd 'STOZ 1Isnbny TT Uo 808800-5T0Z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Page 15 of 43

©CoO~NOUITA,WNPE

BMJ Open

Unadjusted results for hip circumference were very similar to that seen for waist, both in direction
and magnitude, in all smoking status groups (Figure S3). However after adjustment for log(BMlI),
effects were not apparent in any of the three groups, and nor was the interaction of gene and
smoking status.

Results for waist-hip ratio were similar to BMI, waist and hip circumference in direction but were
smaller in magnitude: +0.07%, 0.00% and -0.08% increases in never-smokers, former smokers and
current smokers respectively, (p=0.083 for differences between smoking categories), see Figure S4.
After adjustment for log(BMI), increases remained non-significant for never smokers and former
smokers (-0.01% and 0.04%) but increased significantly among current smokers (0.10%) (p=0.13 for
differences among smoking groups).

For several other phenotypes, per-allele decreases were observed in current smokers that exceeded
those seen either in former or never smokers (Table S4). However there was only statistical evidence
for decreases among current smokers for arm circumference (p=8.4*10°) and leptin (p=0.025), while
the difference between smoking groups was only significant for arm circumference (p=3.29*10).
Both effects became non-significant after adjustment for log(BMI). Fat mass and fat free mass, after
adjustment by height, showed differences in effects by smoking group. These effects were more
due to per-allele increases seen among never smokers than decreases among current smokers.

Meta-regression analyses showed no clear evidence for associations between genotype and each
adiposity phenotype being modified by sex: p-values exceeded 0.1 for all phenotypes, adjusted or
unadjusted, apart from hip circumference. The per-allele decreases in hip circumference among
current smokers appeared more marked among women (p=0.067), but this effect was no longer
apparent after adjusting for BMI (p=0.51).

The mean difference in daily cigarette consumption was 0.77 among current smokers (95%Cl 0.67 to
0.88, 1°=17%).
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Discussion

This meta-analysis of 29 studies comprising almost 150,000 participants with key adiposity
phenotypes, has demonstrated firstly, that a variant associated with increased cigarette
consumption was associated not only with lower BMI among current smokers, consistent with
earlier findings ’ %, but also with lower waist and hip circumference. Secondly, the inverse association
of the variant with lower waist circumference among current smokers changed direction after
adjusting for BMI. The variant was positively associated with waist circumference but associated
neither with hip circumference after BMI adjustment, nor waist-hip ratio. Our results suggest that
for every copy of the minor allele associated with cigarette consumption (i.e. increasing cigarette per
day consumption by approximately one cigarette), waist circumference will be increased by 0.14% if
BMI were to remain constant. This suggests a preferential re-distribution towards central adiposity
associated with higher cigarette consumption: this important finding is in keeping with our
hypothesis and extends current observational data.

We also observed that none of the effects were modified by sex, contrary to our second hypothesis.
Finally we have already noted among never-smokers an unexpected positive association of the gene
variant with BMI ° : the current analysis demonstrates this same association with waist and hip
circumference. This occurred in the opposite direction to the inverse association of various adiposity
measures with the gene variant seen in current smokers (before adjustment for BMI).

The analysis consisted of never, former and current smokers from a very wide spectrum of ages
among the 29 studies. The sample size was very large for the primary phenotypes considered here.
Participants were exclusively of self-reported European ancestry, and were mostly recruited in
European countries. The data available for direct measures of fat such as fat mass, and the
biomarker leptin, were available for only about one fifth of the participants on whom weight, height,
waist and hip were measured. Effects according to genotype for these phenotypes showed broadly
similar results for the three smoking categories to those seen for BMI.

Mendelian randomisation has proved a powerful tool for eliciting causal associations between
phenotypic measures®. In the present analysis, Mendel’s laws concerning random assignment of
genotype should produce an unconfounded comparison between the genotype influencing smoking
consumption and the outcomes of interest, namely anthropometric phenotypes. Furthermore,
because this random assignment occurs at the very outset of life, the associations between
genotype and anthropometric measures cannot be due to reverse causality. If the genotype only
influences smoking consumption, and not the initiation of smoking, then the relationship between
genotype and anthropometric outcomes would only be expected among smokers.

In fact, while the variant was associated with lower waist and hip circumference among current
smokers, it was associated with greater waist and hip circumference among never-smokers. This
suggests that the true effect among current smokers may be even greater than estimated. When we
adjusted waist circumference for BMI, there was no association with the gene variant among never
smokers. The relative proportions of ever-smokers and never-smokers was not clearly associated
with genotype in the CARTA consortium, as reported elsewhere’.
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The reversal of the association between waist circumference and allele count from negative to
positive among current smokers after adjustment for BMI may be consistent with alternative
explanations. Firstly, heavy smokers may have less muscle mass; however no association between
allele count and fat free mass could be detected in our analysis among smokers. Secondly, the test
for interaction for smoking status and allele count on waist circumference after adjustment was of
weak statistical significance. Thirdly, the adjustment of one measure of adiposity with another with
which it is highly correlated may have caused a spurious association. We repeated our analysis for
participants with BMI under 30 only, where the correlation was more modest, and obtained similar
results albeit with reduced evidence for an effect.

Stratification of our analyses by smoking status, could in theory introduce bias by conditioning on a
collider (rs1051730/rs16969968) **. This variant shows some evidence for association with smoking
cessation (current vs former smoking) >2. Whilst this is a possibility, no effect modifications of this
variant with potential confounders by smoking status, were demonstrated among 56,625
participants in the HUNT studly ®.

Cross sectional observational data from Switzerland has demonstrated that waist and hip
circumference were more strongly related to number of cigarettes smoked per day than was BMI*?,
while in Scotland being a smoker was associated with greater central adiposity among women™? . In a
Finnish longitudinal twin cohort study, smoking in adolescence predicted abdominal obesity in
adulthood **. Observational data are however prone to confounding and reverse causality, and the
present study adds some evidence that the associations reported are likely to be causal.

Some observational studies have noted that low fat free mass > and bone mineral density 2*, were
more common among smokers. The present analysis has not substantiated the association with fat
free mass although our sample size was much more limited for this phenotype.

Our findings resonate with observational studies which have shown associations between smoking

and risk of diabetes >’ *8

, especially as analysis of the British Women’s Heart and Health Study
showed that abdominal adiposity was a stronger predictor of diabetes than was BMI *°. Waist
circumference, and waist-to-hip ratio were strongly associated, independently of BMI, with the risk
of death among 359,387 participants from nine countries in the European Prospective Investigation
into Cancer and Nutrition *. Therefore the health hazards of smoking could well be enhanced, or
partly mediated through increasing abdominal adiposity. In addition, the desire of many smokers to
use smoking as a means of weight control > might be counterproductive, if a loss of weight is
accompanied by a relative increase in waist circumference: this possibility could be used in

counselling people seeking to quit smoking.

People who quit smoking appear to be at increased risk of acquiring diabetes in the short term and
this was not explained by weight gain in a Japanese population %*. The present study took place
almost exclusively of white European participants, and replication of the findings among other
ethnic populations would be of great value. This is especially urgent on a global scale since smoking
levels are increasing among several non-white ethnic groups, and this is seen to be partly
responsible for increases in coronary heart disease mortality in Beijing, China *°, in Syria %, and in
Tunisia among women *%. In addition, increases in average waist circumferences have been observed
even when average BMI levels have remained constant %°, and metabolic disorders especially
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diabetes have increased in prevalence®. It is thus possible increased CHD mortality will be partly
fuelled by increasing smoking levels.

Mendelian Randomisation studies have more potential than traditional observational
epidemiological studies to establish causality for specific exposures 2°, and they should now be used
to investigate other impacts of smoking, in particular on pathways leading to Type 2 diabetes, as well
as on Type 2 diabetes itself. The findings of the current study could now be further tested by
assembling data from randomised trials of smoking cessation, where post intervention data on
measures of central adiposity are available. If confirmed, a tendency for smokers to acquire an
“apple shape” due to increasing central adiposity might provide a novel health promotion message
to encourage smoking cessation, and appropriate new interventions should then be designed and
evaluated as part of overall tobacco control policies in society.
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Table 1. Per allele percentage increases in measures of regional adiposity (BMI, weigh, waist circumference, hip circumference, waist-hip ratio) among

never, ex and current smokers, before and after adjustment for body mass index

BMI (kg/m?)

Waist
circumference
(em)

Hip circumference
(cm)

Never

smokers
%
increase 0.35
95%CI (0.18,0.52)
p 6.38x10°
N 66,809
r 14%
%
increase 0.23
95%CI (0.09,0.36)
p 0.0012
N 64,265
P 14%
%
increase 0.17
95%CI (0.08,0.26)
p 2.95x10™
N 62,323
r 7%

ADJUSTED FOR AGE

Former
smokers

-0.14
(-0.34,0.07)
0.19
43,009

0%

-0.07
(-0.24,0.09)
0.37
40,756

0%

-0.07
(-0.17,0.04)
0.23
40,512

0%

Current
smokers

p for
interaction*

-0.74

(-0.96,-0.51)

2.00x10™°
38,912

0%

4.95x10"

-0.40
(-0.57,-0.22)
1.69x10°
37,360

10%

3.85x 107

-0.31
(-0.42,-0.19)
2.55x107
36,833

0%

1.79x10°

Never
smokers

0.01
(-0.06,0.08)
0.72

0%

0.02
(-0.03,0.07)
0.38

16%

ADJUSTED FOR AGE AND

BMI

Former

smokers Current smokers

0.06
(-0.02,0.15)
0.15

0%

0.02
(-0.04,0.08)
0.54

0%

p for
interaction*

0.14
(0.05,0.22)

0.003 0.087

13%

0.02
(-0.05,0.08)

0.59 0.99

0%
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%
Waist-hip ratio increase
95%CI

p
N

IZ

0.07
(-0.01,0.15)
0.087
62,322

21%

BMJ Open
0 -0.08
(-0.10,0.10)  (-0.19,0.03)
0.97 0.14 0.083
40,512 36,833
9% 15%

-0.01
(-0.08,0.06)
0.78

0%

0.04
(-0.04,0.13)
0.30

0%

Page 28 of 43

0.1
(0.02,0.19)
0.02 0.13

13%

*Interaction assessed by assessing heterogeneity between effect estimates according to smoking status, with fixed effects model
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1

2

3

4

g Table S1. Distribution of smoking status, sex and age, and availability of regional adiposity phenotypes, in each of the 29 studies

7 Study Total N Never  Ex Current % male Median =3 T s = Z @ A o o o z
9 smoker smoker smokers age ‘TEQ: = 4 g ED" 5 S

10 s s 5 3 a

1; 2 5
1

13 1958 BC 5,022 2,353 1,449 1,220 50 42 * * * * *

14

15 ALSPAC 1,664 1,336 0 328 48 17.8 * * * *

16 children

17

18 ALSPAC 1,530 1,004 395 131 0 48 * * * * *

19 mothers

20

g; BRHS 3,576 1,040 2,072 464 100 68 * * * * * * * * * * *
22 BWHHS 3,615 2,043 1,180 392 0 68 * * * * * * *
gg Caerphilly 1,155 226 592 337 100 62 * * * *

% CHDS 614 313 136 165 50 30 * * * *

ég Colaus 4,305 1,817 1,393 1,095 43 53 * * * kK * * * *
g; Dan- 2,245 642 575 1,028 51 54 * * * * * * *

33 MONICA

34

35 EFSOCH 1,214 749 228 238 44 32 * * * * * * *

36

37 ELSA 4,978 1,726 2,551 701 46 65 * * * *

38

39 Finrisk 20,368 9,755 5,493 5,120 46 51 * * * *

40

41

42

43

44

45
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GEMINAKA 1,120
R

Generatio 7,294

n Scotland

GOYA 765
males

GOYA 1,015
females

HBCS 1,626
Health 3,211
2006

Health 624
2008

HUNT 55,476

Inter 99 5,399
Midspan 2,099
NFBC 1966 3,729
NFBC 1986 1,171
NHANES 2,045

NSHD 1,751

556 185
3,893 2,421
759 108
172 213
703 551
1,382 1,078
280 221

24,302 14,144
1,986 1,427
994 574
1,763 577
752 0

987 616
776 639
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379

980

148

380

372

751

123

17,030
1,986
531
1,389
419
442

336

48

41

100

43

44

44

48
49
45
50
48
38

48

BMJ Open
38 * * *
57 * * *
45 * * *
38 * * *
61 * * *
50 * * *
47 * * *
47 * * *
45 * * *
45 * * *
31 * * *
16 * * *
431 * * *
53 * * *

* (s3gv) Inauladns juswaublasug

Page 30 of 43

| 9p anbiydeliBoljqig 9ousby 1e GZoz ‘2T aunr uo /wod fwq uadolway/:diy woly pepeojumoq 'STOZ 1shBNy TT Uo 808800-5T0Z-Uadolwa/9eTT 0T Se paysiignd isiiy :uado CNg


http://bmjopen.bmj.com/

Page 31 of 43 BMJ Open

NTR 3,718 1,822 1,081 815 36 39 * * * *

PROSPER 5,145 1,761 2,022 1,362 48 74 * * * *
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Whitehall 2,836 1,383 1,088 365 75 48 * * * *
Il (phase 3)

15 Whitehall 2,921 1,426 1,278 217 77 59 * *
16 Il (phase 7)

20 1. Weighted values from survey data

46 ‘sa1bojouyo9) fefl uPELEie SFIRNRN Y ‘6 Gl BEH PRE IS0 Po1e(51653R AL} B s ey BN Kdds Aq perdeloid
47 * (s3gv) Inauladns juswaublasug
48 19p anbiydeiBoljqig 8ousby Je Gz0z ‘2T sunc uo /wod[wg-uadolway/:d1y Woly papeojumod ‘STOZ 1ShBNY TT UO 808800-5T0Z-Uadolwa/9eTT 0T Se paysignd isuiy :uado cNg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 32 of 43

‘sa1bojouyo9) fefl uPELEie SFIRNRN Y ‘6 Gl BEH PRE IS0 Po1e(51653R AL} B s ey BN Kdds Aq perdeloid
* (s3gv) Inauladns juswaublasug
| ap anbiydeibol|qig ausby 1e Gz0z ‘2T aung uo /wod fwg uadolway/:diy wWolj papeojumod STz 1SNBNY TT Uo 808800-GTOZ-UadolWa/9ETT 0T Se paysiignd isiy :uado cINg


http://bmjopen.bmj.com/

Page 33 of 43 BMJ Open

1

2

3

4

g Table S2. Distribution of genotypes for SNP rs1051730/rs16969968, minor allele frequency and p-value from test for Hardy-Weinberg equilibrium (HWE)
7 Study Major Heterozygotes Minor MAF HWE p-

8 homozygotes homozygotes value

30 1958 BC 2,178 2,230 614 0.34 0.4
11 ALSPAC children 740 752 172 0.33 0.37
12 ALSPAC mothers 711 664 155 0.32 1
13 BRHS 1,631 1,540 405 0.33 0.15
14 BWHHS 1,591 1,625 399 0.34 0.59
ig Caerphilly 523 512 120 0.33 0.75
17 CHDS 286 273 55 0.31 0.37
18 Colaus 1,778 1,980 547 0.36 0.91
19 Dan-MONICA 993 1,000 252 0.33 0.83
20 EFSOCH 568 523 124 0.32 0.82
g;’ ELSA 2,265 2,169 544 0.33 0.47
23 Finrisk 9,251 8,979 2,138 0.32 0.59
24 GEMINAKAR 530 477 113 0.32 0.43
25 Generation 3,261 3,251 782 0.33 0.52
26 Scotland

27 GOYA males 443 473 99 0.34 0.2
;g GOYA females 338 329 98 0.33 0.09
30 HBCS 699 746 181 0.34 0.39
31 Health 2006 1,436 1,429 346 0.33 0.77
32 Health 2008 291 269 64 0.32 0.87
33 HUNT 24,621 24,579 6,276 0.33 0.23
gg Inter 99 2,364 2,423 612 0.34 0.63
36 Midspan 953 931 215 0.33 0.87
37 NFBC 1966 1,711 1,612 406 0.33 0.38
38 NFBC 1986 554 521 9% 0.3 0.08
zg NHANES 864 928 253 0.35 0.88
41

42

43

44

45
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NSHD 827
NTR 1,727
PROSPER 2,403
Whitehall Il (phase 1,276
3)

Whitehall Il (phase 1,285
7)
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760
1,607
2,244
1,261

1,317

BMJ Open

164
384
498
299

319

0.32
0.32
0.31
0.33

0.33
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1

2

3

4

5 Table S3. Per allele percentage increases in measures of regional adiposity measures (fat mass, fat free mass, leptin, adiponectin, arm circumference,
? triceps skinfold, subscapular skinfold) among never, former and current smokers, before and after adjustment for body mass index
g ADJUSTED FOR AGE ADJUSTED FOR AGE AND BMI *
10 Never Former Current Never Former Current

11 smokers smokers smokers smokers smokers smokers

12 p for p for
13 interaction interaction +
14 +

15 Fat mass % 0.42 -0.33 -0.43 0.85 -0.31 -0.43

16 increase

17 95%Cl  (-0.09, (-0.93, (-1.13, (0.25, (-0.97, (-1.13,

18 0.94) 0.27) 0.28) 1.45) 0.36) 0.28)

leg p 0.11 0.28 0.24 0.08 0.005 0.37 0.42 0.015
21 N 15,249 11,381 6,914

22 I 45% 20% 6% 21% 19% 5%

23

gg Fat free mass % 0.36 -0.03 0.03 0.44 -0.08 -0.08

26 increase

57 95%Cl  (0.09,0.63) (-0.33, (-0.35, (0.22, (-0.34, (-0.40,

o8 0.28) 0.41) 0.67) 0.19) 0.25)

29 p 0.008 0.86 0.89 0.13 1.19x10* 0.57 0.64 3.95x103
30 N 15,543 11,511 7,011

31 ? 19% 0% 36% 13% 0% 24%

32

33

34 Leptin % -0.97 0.03 -3.48 -0.66 -0.38 -1.36

35 increase

36 95%Cl  (-3.34, (-2.32, (-6.42, - (-2.53, (-2.24, (-3.64,

37 1.45) 2.43) 0.44) 1.26) 1.52) 0.98)

38 p 0.43 0.98 0.025 0.2 0.5 0.69 0.25 0.81
39 N 8,840 8,472 6,073

40

41

42

43

44

45
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Adiponectin

Arm
circumference

Triceps skinfold

Subscapular
skinfold

%
increase
95%Cl

p
N
/2

%
increase
95%Cl

p
N
IZ
%

increase
95%Cl

p
N
IZ
%
increase

95%ClI

p

15%

-0.04

(-2.17,
2.13)
0.97

8,840
16%

0.11

(-0.05,
0.27)
0.17

32,413
0%

0.86

(-1.05,
2.81)
0.38

3,234
71%

-0.16

(-2.14,
1.87)
0.88

0%

-2.96

(-5.35, -
0.51)
0.18

8,472
18%

-0.17

(-0.36,
0.02)
0.08

20,063
0%

1.98

(-0.18,
4.18)
0.072

3,064
0%

-0.93

(-2.83,
1.01)
0.34

BMJ Open

5%

-0.31

(-3.07,
2.54)
0.83 0.18

6,073
2%

-0.4

(-0.60, -
0.20)
8.40x 10°

20,061
0%

3.29x 10"

-2.14

(-5.31,
1.13)
0.2 0.12

1,460
0%

-2.29

(-5.54,
1.06)
0.18 0.55

0%

-0.23
(-2.30,

1.89)
0.83

18%

-0.08
(-0.17,

0.01)
0.09

0%

-0.64
(-2.17,

0.90)
0.41

42%

0.14

(-1.01,
1.31)
0.81

23%

-2.88
(-5.22, -

0.48)
0.019

21%

-0.03
(-0.14,

0.08)
0.6

46%

1.98
(0.12,

3.87)
0.037

0%

-0.41

(-1.89,
1.10)
0.59

0%

-1.14
(-3.81,

1.60)
0.41

18%

0.06
(-0.05,

0.17)
0.25

0%

1.6
(-3.92,

0.79)
0.19

0%

-1.23

(-3.29,
0.87)
0.25
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0.26

0.14

0.034

0.55
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3,234 3,064 1,460
P 56% 0% 8% 0% 0% 3%
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=2

10 *adjustment only made for age and height for fat mass and fat free mass

12 +Interaction assessed by assessing heterogeneity between effect estimates according to smoking status, with fixed effects model
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or the abstract
[Within the title page 1 and design section of the abstract page 6]

(b) Provide in the abstract an informative and balanced summary of what was done

and what was found [See results section of abstract page 6]

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being reported
[Introduction on page 8]

Objectives 3

State specific objectives, including any prespecified hypotheses [See page 8]

Methods

Study design 4

Present key elements of study design early in the paper [Abstract page 6, end of
introduction page 8, methods pages 9-10]

Setting 5

Describe the setting, locations, and relevant dates, including periods of recruitment,

exposure, follow-up, and data collection [See Supplementary material]

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up

Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants [Top of methods section page 9, but mainly in

supplementary material]

(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed

Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable [See pages 9-10]

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods of
assessment (measurement). Describe comparability of assessment methods if there is

more than one group [See Supplementary material]

Bias 9

Describe any efforts to address potential sources of bias [last paragraph on page
10, page 11, penultimate paragraph page 14]

Study size 10

Explain how the study size was arrived at [N/A]

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why [page 10 under “Statistical
Analysis”]

Statistical methods 12

(a) Describe all statistical methods, including those used to control for confounding
[See pages 10-11]

(b) Describe any methods used to examine subgroups and interactions
[See pages 10-11]

(c) Explain how missing data were addressed [N/A]

(d) Cohort study—If applicable, explain how loss to follow-up was addressed

Case-control study—If applicable, explain how matching of cases and controls was
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addressed
Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses [bottom of page 10, page 11, penultimate para
on page 14]

Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed [Supp Table S1]

(b) Give reasons for non-participation at each stage [N/A]

(c) Consider use of a flow diagram [N/A]

Descriptive 14*
data

(a) Give characteristics of study participants (eg demographic, clinical, social) and information
on exposures and potential confounders [Supp Table S1]

(b) Indicate number of participants with missing data for each variable of interest [Supp Table
S1, S2]

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) [N/A]

Outcome data 15*

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures

[See Supplementary material]

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included [See pages 12-13, Table 1, Table S3, Figures S1-S4]

(b) Report category boundaries when continuous variables were categorized

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period [N/A]

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses [See page 13, last para]

Discussion

Key results 18  Summarise key results with reference to study objectives [see page 14, first two paras]

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias [see page 14, last three paras.]

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity

of analyses, results from similar studies, and other relevant evidence [see pages 14-15]

Generalisability 21

Discuss the generalisability (external validity) of the study results [see page 15]

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based [acknowledgements for each
primary study, pages 16-20]

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
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available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Supplementary Figure S1-S4. Associations of rs1051730/rs16969968 with adiposity phenotypes (fixed effects meta-analysis) in never-smokers, ex-
smokers and current smokers. Results for male participants in upper panels, and for females in lower panels. Horizontal axis indicates difference in
mean log(phenotype) per allele
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12 S2. Waist cirumference
14 S3. Hip circumference
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Male, never smokers Male, former smokers Male, current smokers
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GOYA(M) —f 0.27 o : GOYA(M) — 1.11
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NHANES —— 1.60 MIDSPAN — 1.16 NHANES o - 0.80
MIDSPAN — 1.39 Dan-Monica10 — 1.42 MIDSPAN 0.79
Dan-Monica10 —— 0.77 Whitehall Il —— 4.20 Dan-Monica10 —o4 3.17
Whitehall Il o 4.83 Health2006 —t 1.91 Whitehall Il —— 1.73
Health2006 —— 2.00 BR - 9.56 Health2006 —er— 1.50
BRHS — 4.28 NTR — 175 BRHS 1 2.32
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Colaus - 2.61 ELSA —o 4.56 Colaus - 3.17
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Inter99 -+ 3.06 nte 3 - Inter99 — 4.97
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Finrisk - 11.82 Finrisk - 147 Finrisk 13.27
HUNT > 43.22 HUNT 19 39.02 HUNT + 45.41
Overall (Fsquared =5.6%, p =0.382) 100.00 Overall (I-squared =22.9%, p = 0.15§) 100.00 Overall (I-squared = 0.0%, p = 0.898) ¢ 100.00
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Female, never smokers Female, former smokers Female, current smokers

Study % Study % Study %
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Male, former smokers
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Health2008 +—— 0.32 Health2008 —— 0.19
GEMINIKAR —_— 0.50 GEMINIKAR e 1.15
ALSPAC Mums —r 2.27 NFBC 1986 - 1.44
e ALSPAC Mums —— 0.51

HBCS 0.95 |
NSHD —r 1.42 HBCS — 0.69
NHANES —— 0.78 NSHD = 0.81
MIDSPAN -+ 1.44 NANES 1= 9.8
Dan-Monica10 —— 1.17 'I\D/“D ,\’/TAN 10 i 2'857;
Whitehall II —— 0.86 Wit —— 0.36
Health2006 - 3.39 R :

Health2006 — 1.83
BWHHS + 5.98 BWHHS T 185
NTR - 3.02 I .

NTR — 1.89
NFBC 1966 —— 1.47 .

NFBC 1966 2.10
Colaus - 4.26 Colaus + 2.86
ELSA + 7.63 ELSA - 2.19
1958 BC T 4.42 1958 BC - 3.70
Inter99 - 4.02 Inter99 - 6.06
GenScotland - 4.64 GenScotland - 2.50
Finrisk > 12.74 Finrisk + 10.03
HUNT 38.71 HUNT 54.65
Overall (I-squared = 0.0%, p = 0A419) 100.00 Overall (I-squared = 0.0%, p = 0.5$2) 100.00
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Miscellaneous

Correction

Morris RW, Taylor AE, Fluharty ME, et al. Heavier smoking may lead to a relative
increase in waist circumference: evidence for a causal relationship from a Mendelian
randomisation meta-analysis. The CARTA consortium. BMJ Open 2015;5:¢008808. The
author name Tarun Veer Singh Ahluwalia should be spelt Tarunveer Singh
Ahluwalia, and the abbreviation is Ahluwalia TS. Also, the surname of Maiken
Elvestad Gabrielsen is ‘Gabrielsen’ only so should be abbreviated to Gabrielsen ME as
opposed to Elvestad Gabrielsen M.

BMJ Open 2015;5:e008808. doi:10.1136/bmjopen-2015-008808corr1
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