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ls with P < 1 x 107 and minor allele frequency > 0.01 in stage 1 by genotyping the

[

NI %gf 4,491 participants in a cross-sectional study within a cohort (replication phase [stage
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conég%%hpﬁon might have adverse effects on human health in terms of obesity and the

Ahc syndrome (1,2). Genetic as well as environmental factors have recently been

ted as correlates in the consumption of sweet foods. For example, a genetic variation
1R2, a sweet taste-receptor subunit, was reported to affect habitual consumption of
ugars in overweight and obese individuals (3), whereas a functional polymorphism of the
opamine transporter SLC6A43 was related to the intake of high-calorie sweet foods among
with high depressive symptoms (4). Furthermore, polymorphisms of the leptin gene

’)’and the leptin receptor gene (LEPR) were associated with sweet preference (35).

|

Identification of genetic polymorphisms associated with a preference for sweet foods might

e

otentially related to various phenotypes without prior hypotheses. GWASs have been used to

2

nt GWASs. The present study therefore used a GWAS to screen genetic factors associated

with the intake frequency of confectionery throughout the human genome, followed by a

—4—
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SNPs in 4,491 participants aged 35-69 years in a cross-sectional study within the Japan

i-Institutional Collaborative Cohort (J-MICC) Study (replication phase [stage 2]). We

usly reported the detailed design of this cross-sectional study (15) and the J-MICC

dy as a whole (16). In brief, participants in the current study completed a questionnaire

about fifestyle and medical factors, and donated a blood sample at the time of the J-MICC

-5
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aseline survey. J-MICC Study participants were recruited from 10 areas throughout
Japan between 2004 and 2008, and included community citizens, first-visit patients to a

ancer hospital, and health check-up examinees. The response rates for the baseline survey by
. fea varied according to the source population, and were recorded as 7.0-24.0% in the
unity (recruitment by mailing invitation letters or distributing leaflets), 58.4% in

fi%sit patients to a cancer hospital, and 14.0-65.5% in health check-up examinees. The

. spondents for the cross-sectional study comprised 400600 participants who were enrolled

and Aichi Cancer Center approved the protocol for the stage 1 GWAS. The committee

i Cancer Center also approved the protocols of the HERPACC-II, and the committees

age 2 studies were asked to report their usual frequency of consumption of 43 food

£§

a self-administered questionnaire with the following eight possible responses: 1 =
,%%@st never; 2 = 1-3 times per month; 3 = 1-2 times per week; 4 = 3—4 times per week; 5 =

ot

5-6 times per week; 6 = once per day; 7 = twice per day; and 8 = > 3 times per day (17-20).

—6—
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spondents were requested to circle one of the numbers to provide an answer.

ern-style and Japanese-style confectionery were included as two separate food items in
he questionnaire. The responses were then converted into intake scores of 0, 0.1, 0.2, 0.5, 0.8,
3, respectively, and the sum of the two intake scores was used for association

sis. Generic or grouped questions about the consumption of confectionery (not those on
ual items such as cookies and sponge cakes) are generally used in studies in Japan and

ave been validated through comparisons with diet records (21,22).

|
@%%ge 1, the DNA of each participant was extracted from the buffy-coat fraction using a

DNA Blood Mini kit (Qiagen Group, Tokyo, Japan). All 977 samples were genotyped on an

lue > 1 x 107 [excluded SNPs: 7 = 277]; SNP call rate > 0.95 [n = 2,921]; and minor

allele frequency [MAF] > 0.01 [n = 82,414]), 491,738 markers were used for the analysis

iy AN
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Association analysis

¥ 3

-used to test the association between SNP genotypes and the confectionery-intake score.

2,

Y
é;%ized standard additive models for assessing associations, and adjusted for gender and

=

Pl %ﬁ;o

re%ms/medical—and—population— genetics/haploview/haploview) (25). The Q-Q plot was

é&%
drawn from the PLINK output using Stata version 11.1 (Stata Corporation, College Station,

—8—
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ke scores for Western- and Japanese-style confectionery, and therefore did not run the
&

analys%s separately. However, for SNPs with P < 0.05 in the stage 2 study, we did conduct

—9_
ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901

151



Page 11 of 27 Obesity

analyses for Western- and Japanese-style confectionery because the correlation was

ate between the intakes of the two types (correlation coefficient, 0.33 for stage 1+2

l %&%;%d deviation (SD) was 0.30 + 0.32 for stage 1 and 0.28 & 0.27 for stage 2. The
distrib{ltion of the score was skewed towards lower values compared with the normal
ution: the median was 0.2 (interquartile range, 0.1-0.4) for stage 1 and 0.2 (0.1-0.3)
3 ge 2.

age 1, we found 22 SNPs with P values for the additive model < 1 x 107, The

,fgagmuﬁ%d as they were not within or near to a gene (< 50 kb) and their MAF was < 0.05.

égﬂ

up based on predefined criteria. The genotype distributions of these 12 SNPs were in
“:Hardy—-Weinberg equilibrium (P > 0.05) in both studies, with the exceptions of rs12351510 in

i

stage 1 (P =0.014) and rs2839519 in stage 2 (P = 0.020). The deviation from the expected

~10—
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e distribution, however, was relatively small, at less than 1% in both cases.

Among the 12 selected SNPs, the association of 1s822396 with the confectionery-intake
score, was replicated in stage 2 of the J-MICC population (P = 0.049; Table 2). In the pooled
s of stage 1 and 2 data, the smallest P was found for rs822396 (P =4.2 x 10™),

d by rs17042603, 1513356198, and rs1147522. The polymorphism rs822396 was

n'to be an SNP in intron 1 of the ADIPOQ gene (IVS1-3971A>G). Further adjustment

f%%;for BMI did not substantially alter the results. The P values for rs822396 in stage 1, 2, and

T 1+2 were 4.2 x 1077, 0.049, and 4.3 x 107, respectively. The P values for other selected SNPs

also similar to those without BMI adjustment (data not shown), although those in stage
%ﬁ‘%‘@%@ 10810211 and rs6039211 were 1.1 x 107,
The association of the 1s822396 polymorphism with the confectionery-intake score was

ominant for Japanese-style than Western-style confectionery: the respective P values

ently observed across the strata of gender, age, smoking and drinking habits, and BMI.

S articularly large (0.083, P =5.1 x 107®) in younger participants aged < 55 years.

coggectlonery intake in a GWAS. Among them, the association was replicated in an

Sl

1ndependent population for one SNP (1822396 or IVS1-3971A>G) in intron 1 of the

~11—
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2

1-coenzyme A/carnitine palmitoyltransferase-1/fatty-acid oxidation and mammalian

f rapamycin signaling (31). However, it remains to be investigated whether

ectin specifically affects consumption of energy-dense foods such as confectionery.
atively broad screening approach with a cutoff of P <1 x 107 in stage 1 might have

esulted in the observed low replication rate of only one of the 12 candidate SNPs identified

in stage 1. Nevertheless, this replicated SNP appears to be biologically plausible as an
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“indicator of a gene involved in eating behaviors.

e ADIPOQ gene spans 17 kb, contains three exons, and its translation starts at exon 2

ulating levels of adiponectin in GWASs (34-36) or in studies genotyping tag SNPs

. SNPs representing the most significant associations, however, vary considerably

%ﬁ%@%ﬁe another, so that researchers cannot easily focus on the genetic polymorphisms that

are responsible for the adiponectin levels.

e 18822396 polymorphism associated with the confectionery-intake score in the

nt study was also in LD, albeit weak-to-moderate, with some of the previously

mned polymorphisms, including rs864265, rs822387, 1s3774261, 1s6773957, and

40 in a Japanese population within the International Haplotype Map (HapMap)
(http://hapmap.ncbi.nlm.nih.gov/). Therefore, even if the rs822396 polymorphism is
ot directly linked with circulating adiponectin levels, genetic polymorphisms of ADIPOQ
nd thv‘r5822396 SNP might control blood adiponectin levels, and could be associated

th a propensity to favor foods of high-energy density such as confectionery. Additionally,

k Ilgterestingly, the Québec Family Study by Choquette et al. involving genome-wide
o
linkage analysis found linkage on chromosome 3q27.3 with intakes of energy, lipid, and

~13—
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drate (38). As the 3q27 region harbors the ADIPOQ gene, the current study might
orate these earlier findings, suggesting that a variation of this gene is associated with
e of high-calorie foods.

e association with the confectionery-intake score showed genome-wide significance
152839525 in the stage 1 study (Table 2, P=5.5 x 107). This was, however, not

ated in stage 2. Although we could not identify the precise reason for this discrepancy,

n stage 1 alone or in the pooled analysis of stages 1 and 2, and the association was

comparatively weaker in stage 2. This might have been partly due to the relatively small

um 5% of participants (» = 939) in stage 1, or the simplistic self-reporting method used to

1,772; B for additive model = 0.0487; P = 0.008) than in the older one (n =2,717; B = 0.0090;
.56). The older age distribution of the population in stage 2 might therefore have

ated the SNP association compared with that in stage 1; the association might have

%bg}n more replicable if the stage 2 population had been more similar in age distribution to
that in stage 1.

.
Y
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