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Prevalence of obesity

Fig. 7.1 Age-standardized prevalence of obesity in men aged 18 years and over (BMI =30 kg/m?), 2014
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Prevalence of obesity

Fig. 7.2 Age-standardized prevalence of obesity in women aged 18 years and over (BMI =230 kg/m?), 2014
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A Novel Homozygous Missense Mutation of
Melanocortin-4 Receptor (MC4R) in a Japanese Woman
With Severe Obesity

Hiromasa Kobayashi,' Yoshihiro Ogawa.® Mitsuyo Shiniani.* Ken Ebihara,® Makike Shimodahira,”
Toshio Iwakura! Megumu Hine,” Takashi Ishihara.! Katsoji Ikekubo,” Hiroyuki Kurahachi,! and
Kazowa Nakao®

AGE 66 65
B 27 26
GENOTYPE NM NM

o 1 2 3 4
‘ v N . |
AGE X
BMI 62
GENOTYPE MM

FlG:. 1. Pedigree of the family. The arrow indicates the proband. The
age, BMI, and WO R genotype of the family members, if available, are
shown below each symbol. M, mutant allele (GH3ER Y N, normal allele.

FIG. 2. Photographs of the proband at 2 (A) and 3 (B) years of age
(with her elder sister at 4 and 5 years of age, respectively) and 28 years
of age () (she weighed 115 kg). The photographs are reproduced with
the informed consent of the proband and her mother.



A Common Genetic Variant Is
Associated with Adult and
Childhood Obesity

Alan Herbert,™ Norman P. GEI’I’}’,I Matthew B. McQueen,? Iris M. Heid,** Arne Pfeufer,®®
Thomas Illig,“ H.-Erich Wichmannf""? Thomas I"l.-'l.e-iting|e~r,5"5 David Hunter,z’ﬂ’g Frank B. Hu,z’ﬂ’g
Graham Colditz,®? Anke Hinney,m Johannes Hebebrand,® Kerstin Koberwitz,51°

Xiaofeng Zhu,** Richard Ct:n:nr.ire-r,rl Kristin Ardlie,’ Helen L}'Uﬂ,13’14'15 Joel N. Hirschhorn 31413
Nan M. Laird,*® Marc E. Lenburg,® Christoph Lange,”** Michael F. Christman™*

Table 1. Screening and testing of SNPs for association with BMI. Genome-wide SNPs (86,604) were
screened using parental genotypes to find those likely to affect offspring BMI. The top 10 SNPs
from the screening step (ranked by power from most likely to least likely) are shown. These SNPs
were tested using offspring genotypes for association with BMI using the FBAT. The rs7566605 SNP
is highlighted in bold.

Rankin Informative P value
from scg:een SNP Chromosome Frequency families FBAT

1 rs3897510 20p12.3 0.36 30 0.2934
2 rs722385 2032.1 0.16 15 0.1520
3 rs3852352 8p12 033 34 0.7970
4 rs7566605 2q14.1 0.37 39 0.0026
5 rs4141822 13g33.3 0.29 27 0.0526
6 rs7149994 14g21.1 0.35 31 0.0695

7 rs1909459 14q21.1 0.39 38 0.2231
3 rs10520154 15q15.1 0.36 38 0.9256
9 rs440383 15g15.1 0.36 38 0.8860
10 rs9296117 6p24.1 0.40 44 0.3652
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11-29 31400 41-45 46-50 51-55 56-60
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Male ,
—h— CC
—— GGeGC
11-29 31-40 4145 46-50 51-55 56-60
Age Category (years)
Female
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—h— CC
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Age Category (years)

In all age groups, homozygous for rs7566605 CC
had 1 unit of BMI comparing with GC GG
(P<0.0001), in both sexes
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Variation in FTO contributes
to childhood obesity and severe
adult obesity
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A Common Variant in the FT0 Gene Is
Associated with Body Mass Index
and Predisposes to Childhood

and Adult Obesity
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0 An additive association of the variant with BMI was replicated in 13 cohorts
with 38,759 participants.

Q The 16% of adults who are homozygous for the risk allele weighed about 3

kilograms more and had 1.67-fold increased odds of obesity when compared
with those not inheriting a risk allele.

O This association was observed from age 7 years and reflects a specific increase in
fat mass.

Table 2. Association of BMI (corrected for sex) and birth weight (corrected for sex and gestational age) with rs9939609 genotypes in children. P values
represent the change in log BMI per A allele. BMI presented as geometric means and back-transformed 95% confidence intervals.

Males Mean trait value (95% CI) by genotype
Cohort Age (years) (%) N P
TT AT AA
Children*
ALSPAC 7 51 5969 16.00 (15.92, 16.07) 16.11 (16.04, 16.18) 16.31 (16.19, 16.43) 3% 107"
8 50 4871 14,80 (16.70, 16.90) 17.01 (16.92, 17.09) 17.29 (17.14, 17.45) 1% 1077
g9 50 5458 17.20 (17.08, 17.31) 17.53 (17.43, 17.63) 17.86 (17.69, 18.04) 5 % 107
10 50 5273 17.66 (17.54, 17.79) 18.05 (17.94, 18.17) 18.37 (18.18, 18.57) 1% 107
11 49 5010 18.46 (18.32, 18.61) 18.82 (18.70, 18.94) 19.20 (18.98, 19.42) 7% 1077
NFBC1966 (age 14) 14 47 4203 19.14 (19.02, 19.26) 19.25 (19.14, 19.34) 19.38 (19.19, 19.57) 0.04
Birtht
ALSPAL 0 51 1477 3438 (3422, 3455) 3452 (3437, 34646) 3454 (3429, 3480) 021
NFBC1966 0 47 4320 3523 (3501, 3544) 3538 (3518, 3558) 3536 (3501, 3571) 042

*ALSPAC children are offspring of the participants included in the adult study (Table 1), and data are shown at five available ages. NFBC1966 children are the same participants as those in the
adult study (Table 1), +ALSPAC birth data are for the same participants as those in the children study, NFBC1966 birth data are for the same participants as those in the children and adult
studies. Non-singleton births and individuals born at gestation =36 weeks were excleded from the birth-weight analysis,
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Meta-analysis identifies 13 new loci associated with

waist-hip ratio and reveals sexual dimorphism in the
genetic basis of fat distribution
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Table 2 Evidence of sex-differences in the WHR association at seven of the 14 associated loci

Sex
Men Women difference
Nearby Discovery Follow up Combined Discovery Fallow up Combined Combined
SNP genes P g P B F g P B F B P B P
rs0491696 RSPO3 1.68 x 1074 0.026 £.97 = 1077 0.036 1.05x 101! 0.031 1.62 x 1012 0.047 8.84 x 1022 0.053 1.93 x 1032 0.050 1.94 = 103
rse205288 VEGFA 0.066 0.013 2.09= 10* 0.025 7.38x 105 0.020 7.72 = 10713 0.052 3.14 = 10715 0.051 2.27 = 10=F 0,052 5.20 = 1076
rsO84222  TEXIS- 3.32 % 10% 0.041 2.43x 105 0.029 9.41 %1013 0.035 1.21 x 107 0.036 1.33 = 10 0.033 1.02 x 1014 0.034 0.951
WaRSs2
rsl 055144 NFE2L3 6.00 x 104 0.029 567 = 10-° 0.040 2.52= 10-10 0.035 2.34 x 105 0.040 7.13 = 10-12 0.046 1.41 = 10-16 0,044 0.270
rs1 0195252 GREI4 0.201 0.009 0.114 0.011 0.043 0.010 £.33 = 10-150.053 4.95 « 101 0.054 3.84 = 10-¥ 0,054 1.41 = 10-11
rsdBAe56T  LYPLALI 0,191 0.010 0982 0.000 0.358 0.005 4.84 = 10-12 0,064 8.12 « 10-17 0.055 4,95 x 10-22 0.059 1.18 = 10-12
rs1011731 DNM3- 488 x 1077 0.034 1.95x 102 0.022 7.81 = 109 0.028 2.13 x 105 0.028 7.03 = 107 0.030 £.90 x 1011 0.029 0.855
PiGC
rsf18314 TPRZ- 0.177 0.010 2.02 x 10°° 0.022 1.41 = 10° 0.017 8.29x 1010 0.047 4.21 = 109 0.038 2.41 x 10717 0.042 4.67 = 107*
S5PN
rs1294421 L¥85 4,18 x 10~ 0.020 7.00x 10° 0.020 1.63x 107 0.025 3.44 x 10° 0.038 7.32 x 10° 0.026 2.40 x 1012 0.031 0.357
rsld43512 HOXCIZ 0.184 0.011 9.74 = 10% 0.024 945 104 0.018 1.43x 109 0.048 3.09x 10° 0.035 6£.38 x 10-15 0,040 2.23 » 1073
rsb7a5735 Al 0.011 0.017 0614 0.004 0.027 0.011 7.85x 107 0.033 2,95 101! 0.042 1.92 x 1016 0.038 8.50 = 105
AMTSS
rsdB23006 ZFNRF3- 687 = 102 0.019 0.094 0.012 1.94 » 103 0.015 6.86 = 102 0.037 3.81 = 10-5 0.024 3.24 » 10-11 0.030 0.032
KRE
MEN1
rs6784615 NISCH- 1.51 x 10~ 0.045 0.033 0.032 1.68x 10% 0.039 6.23x10° 0.057 1.72 x 109 0.039 6.01 x 1077 0.047 0.574
STABI
rsGBE1681 CPEB4 1.88 x 1072 0.023 0.045 0.015 3.03x 104 0.019 2.14 = 104 0.027 1.58 = 10 0.021 1.55 = 105 0.024 0.555

O O 14 yevetikol tomot e€nyouv 1o 1,4% tn¢ Stakupavong tou WHR oTig
yuvaikeg kot PoALg to 0,46% otoug Avopeg
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Figure 3 Association of the 14 WHR loci with waist and hip circumference. [ coefficients for waist circumference (WG, x axis) and hip circumference
(HIP, yaxis} in women and men derived from the joint discowvery and follow-up analysis. P for WC and HIP are represented by color. In men, gray gene
labels refer to those SMPs that were not significant in the male-specific WHR analysis. More details can be found in Supplementary Table 3.
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Association analyses of 249,796 individuals reveal
18 new loci associated with body mass index



Table 1 Stage 1 and stage 2 results of the 32 SNPs that were associated with BMI at genome-wide significant (P< 5 x 10-8) levels

d OLemubpaoelc twv

Per allele
Other Frequency :I:hange Explained ’ ’
Nearest nearby Position? Allelesb effect inBMI ariance Stage 142 AA A
SNP g=ne genes?  Chr. (bp) Effect Other allele  f (s.e.m.)t (%) Stage 1 P Stage 2 P n P szv a rl Ouop wv
Previously identified BMI loci ’ 7
rs1558902 FTO 16 52361075 A T 042 039(0.02) 0.34% 205x10-% 1.01x100 102,344 4.8 10120 ELVOL uLKpOTEpeq KOLL n
2867125 TMEMI8 2 612,827 ¢ T 0.83 0.31(0.03) 0.15% 242x10-22 4.42x 1030 197,806 2.77 x 10-4
1s571312  MC4R (B) 18 55900745 A C 024 0.23(0.03) 0.10% 1.82x1022 3.19x102! 203,600 £.43x 10742 2 {
rs10938397 GNFDA2 4 A4BTTORA G A 0.43 0.18(0.02) 0.08% 4.35x10°7 1.45x10-1% 197,008 3.78 x 10731 O-UXVOTrT[a Enlcr]q
rs10767664 BDNF (B,M) 11 27682562 A T 078 0.19(0.03) 0.07% 553x10-13 1.17x10-!4 204,158 4.69x 10°%6
12815752 NEGRI 1 72585028 A G 061 0.13(0.02) 0.04% 1.17x10-14 229x10% 198380 1.61 x 10-22 D K 32 !
©.Q) alL ol YEVETLKOL
157350307 SH2B1  APOB48R 16 28793,160 T C  0.40 015(0.02) 0.05% 175x10°10 7.89x 1012 204,300 1.88x 1020 ’ , ’
@QBM (@M, A
T TOTIOL EE€NYOUV HOALG
(Q,m, ’
AC138894.2 (y 6
O, 4menst 1,5% tn¢ oLakuppavong
(M), TUFM (@)
rsOB16226 ETVS 3 187,317,193 T A 0.82 0.14(0.03) 0.03% 7.61x101% 1.15%x10% 196221 1.603x 10718 TOU BMI
153817334 MTCHZ  NDUFS3(@, 11 47607569 T C  0.41 006(0.02) 0.01% 479x10°1! 1.10x 10 191,943 1.50x 10-12
,m CUGEFI (@)
129941  KCTDIS 19 39,001,372 G A 067 006(0.02) 0.00% 131x10% 240x10-? 192,872 301 x 1079
Previously identified waist and weight loci
1543874  SEC16B 1 176,156,103 G A 0.1 0.22(0.03) 0.07% 166x10-13 241x10-11 179,414 3.56 x 10-23
1087237  TFAP2B & 50,911,009 G A 0.8 0.13(0.03) 0.03% 5.97x10-16 240x106 195776 2.90 x 10-20
17138803 FAIMZ 12 48533735 A G 038 0.12(0.02) 0.04% 3.96x10-1! 7.82x10% 200,064 1.82x10°7
rs10150332 NRXN3 14 79008717 C T 021 0.13(0.03) 0.02% 2.03x107 286x10F 183,022 2.75x 101
Newly identified BMI loci
1713586  REBJ ADCYZ(O,M), 2 25011512 ¢ T 047 0.14(0.02) 0.06% 1.80x107 1.44x 1016 230,748 &.17 x 1022
POMC (Q,B)
rs12444979 GPRCSB  1QCK(Q) 16 19,841,101 C T 087 0.17(0.03) 0.04% 4.20x10"1! 813x10°12 239,715 2.91 x 10-21
(c,Q)
rs2041423 MAPZKS  LBXCORI(M)15 65873892 G A 078 0.13(0.02) 0.03% 1.15x10-10 1.59x 10 227,950 1.19x 10-18
12287019 QPCTL GIPR(BM) 19 50894012 C T 080 0.15(0.03) 0.04% 3.18x107 1.40x10-1° 194564 1.88 x 10-16
151514175  TNNIZK 1 74764232 A G 043 007(0.02) 0.02% 1.36x10° 7.04x10% 227900 B8.16x10-1
rs13107325 SLC3948 4 103407732 T C 007 0.19(0.04) 0.03% 137x107 1.93x107 245378 1.50x 10°13
QM)
2112347 FLI35779 HMGCR(E) 5 75050998 T G 0.63 0.10(0.02) 0.02% 476x108 8.29x107 231,729 2.17 x 10-13
M)
rs10968576 LRRNGC 9 28404339 G A 031 0.11(0.02) 0.02% 188x10® 319x10% 216916 2.65x 1012
153810291 TMEMIGO ZC3IHA(Q) 19 52260843 A G 0.67 0.09(0.02) 0.02% 1.04x107 1.59x10% 233512 1.64x10°12
Q)
rsB87912  FANCL 2 59158381 T C 029 0.10(0.02) 0.03% 2.69x10% 1.72x107 242,807 179x10°12
rs13078807 CADMZ 3 85966810 G A 020 0.10(0.02) 0.02% 9.81x10% 532x105 237404 3.94 x 101
rs11847697 PRKDI 14 2958483 T C 004 0.17(0.05 0.01% 1.11x10% 225x10" 241,667 5.76x 10711
128090652 LRPIB 2 142676401 C T  0.18 0.09(0.03) 0.02% 238x107 0.47x10% 209,068 1.35x 10°10
151555543  PTBP2 1 96,717,385 C A 059 006(0.02) 0.01% 7.65x107 448x10F 243013 3.68x10°10
4771122 MTIF3 GTF3A(@ 13 26918180 G A 024 009(0.03) 0.02% 120x107 824x10* 198577 9.48x 10710
rs4836133  ZNFGOS 5 124360002 A C 048 007(0.02) 0.01% 7.04x107 1.88x10* 241,999 1.97 x 1079
14929949 RPLO7A  TUB(B) 11 &561,168 C T 052 006(0.02) 0.01% 7.57x10% 1.00x10-% 249,791 2.80 x 109
1206936 NUDT3  HMGAI(B) 6 34410847 G A 021 006(0.02) 0.01% 2.81x10% 739x10% 249777 3.02x 108

Chr., chremosome; G, association and eQTL data converge to affect gene expression; B, biological candidate; M, BMI-associated variant is in strong LD (r2 = 0.75) with a missansa
variant in tha indicatad gene; C, CNV.
3Genes within + 500 kb of the lead SNP. BFositions according to Build 36 and allele coding based on the positive strand. “Effect sizss in hg."m! obtained from stage 2 cohorts only.
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Figure 2. Genomic Locations of Proven Signals of Body-Mass Index (BMI), Obesity, and Related Phenotypes.

Signals are shown according to their location on each chromosome. Genes causing monogenic and selected syndromic forms of obesity
(red triangles) are shown to the left. Common variants that have significant genomewide associations with BMI or multifactorial obesity
are shown to the right: loci implicated in BMI or weight variation at the population level (solid blue triangles), additional loci identified
in case—control analyses of extreme obesity (open blue triangles), and variants identified primarily because of their association with waist
circumference or waist-to-hip ratio (solid green triangles). For the variants shown to the right, the genes named within the triangles are
indicative of signal position, but in most instances, formal proof that these are the specific genes responsible for the association is lacking.
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Figure 1 Prevalence (%) of overweight & obesity talla et al. 2013
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AnULoOUpYROAUE EVA YEVETIKO oKop aBpoilovtac T aAANAETILOPACELC TWV
aAAnAopopdwv (GRS-34) yia kaBe dtopo.

EriBeBowoape TG EMIOPACELS TWV YEVETIKWV TOTIWV FTO, TMEM18,
FAIM2, RBJ, ZNF608 and QPCTL oto BMI kot otov kivbuvo yla urtépBapo
(p<0.05).

AvaAuon otpwpatonoltnuevn He to dUAo £6¢tée yia ta TFAP2B and NEGR1

YEVETLKOUC TOTIOUC cuoXeton pe BMI kat urtépBapo (p<0.05) otouc
AvOpPEC KOl OTLC YUVALLKEC avTioToLyal.

To okop GRS-34 cuoyetiotnke pe to BMI (beta=0.17kg/m?/allele; p<0.001)
Kall pLe Tov Kivouvo yia uttépPBapo (OR=1.09/allele; 95%Cl: 1.04-1.16;
p=0.001).
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Table 1. Baseline Characteristics of the Participants in the Three Cohorts, According to Intake of Sugar-Sweetened Beverages.*
Characteristic Servings of Sugar-Sweetened Beverages P Valuef
<1 per Month 1-4 per Month 2-6 per Week =1 per Day
NHS cohort
Participants — no. 2843 1776 1496 819
I L4
Age —yr 48.726.5 48.0=6.7 46.926.9 45.826.8 <0.001 Tr'] Oekaetia touv 80 Tmou gywvav ot
BMIi 24.5+4.6 24547 249+48 25.2+5.7 <0.001 ! ! ! !
Alcohol consumption — g/day 7.7£11.1 5.8£9.9 5.5+8.9 5.3£9.7 <0.001 T[pwrsq uetpncs lq’ 868[&(1\’ otL r]
I I I

Current smoking — no. (%) 722 (25.4) 361 (20.3) 316 (21.1) 248 (30.3) 058 K(IT(IV(I}\U)OF] TWV avaLl) UKTLKWV NTov
Physical activity — MET-hrfwk{ 15.5+18.3 13.4217.3 13.1+16.2 12.6+17.0 <0.001 I /] ]
Time spent watching television — hr/wk 13.4:£12.0 13.4£11.5 13.5£11.2 13.6£12.0 0.67 Kata HEGO Opo’ 0'33

i ’ ’ ’
Total energy intake — kcal/day 1460457 1580479 1690475 1840524 <0.001 avatpUKtha/n HEPOQL. ﬂapatnpnen KE
Alternative Healthy Eating Index score 30.7+£9.1 28.6:8.7 28.2+8.4 27.5+8.0 <0.001 0 0 }\'

Artificially sweetened beverages — servings/day 0.61:0.99 0.32£0.71 0.2620.55 0.350.74 <0.001 GUOXETLGH Tr]q Katava wonq
. . . 1 1
Genetic-predisposition score 29.3+4.0 29.1+4.0 29.0+4.0 29.1+4.0 0.15 aVCU.IJ UKTLKWV ue '[r]v T[(IXU Gap KLQL.

HPFS cohort , , , ,
Participants — no. 1627 1058 1338 400 ET[LO—nq CI)CXVI’]KE OoTL ueva}\UTEpn
I I I
AgE‘ —¥r 56.4£8.3 55.4+£8.6 53.0£8.6 51.4+89 <0.001 Katavaxwon avan U KTLK(L)V r]-[av
BMIE 25.7£3.4 25.7£3.3 25.9:3.3 26.0£3.3 0.07 , ,
Alcohol consumption — g/day 13.0:16.2 1142147 113:14.9 10.7:18.3 0.02 XOAPAKTNPLOTIKN Yl VEWTEPOUC OE
Current smoking — no. (% 132 (8.1 97 (9.2 124 (9.3 51 (12.8 0.02 4 A !
g—ro- () (&) 62 ©3) 128) NALKIL  KOTAVOAWTEG, oL  omoiol

Physical activity — MET-hrfwk{ 20.6+28.6 19.2+23.8 18.8+27.0 19.7+27.7 0.62 , , ,
Time spent watching television — hr/wk 12.0:9.0 11.4=8.5 11.3:8.4 13.0:9.0 0.03 KoTavaAwvayv AlVOTEpO (I)\KOOA, KoL
Total energy intake — kcal/da 1853£566 1967+570 2172600 2458633 <0.001 g g g

e i duoLkn dpaotnploTnTa Kol LEYOAUTEPN
Alternative Healthy Eating Index score§ 46.2£11.7 449:10.7 43.4:10.1 41.2£10.6 <0.001

14 14

Artificially sweetened beverages — servings/day 0.67£1.11 0.40:0.78 0.3520.67 0.3020.71 <0.001 EVE pVE l_aKr] T[pOO')\r] llJ r]
Genetic-predisposition score 29.3:4.0 29.0+4.0 29.2+4.0 29.0+4.0 0.57
WGHS cohort
Participants — no. 9759 4780 5531 1670
Age —yr 54.9+7.0 55.1+7.4 54.3+7.1 52.916.2 <0.001
BMIE 25.8+4.8 25.7+4.7 25.7+4.9 26.1£5.4 0.03
Alcohol consumption — g/day 5.1£9.5 4.0=7.8 3.6£7.1 3.2£75 <0.001
Current smoking — no. (%) 985 (10.1) 508 (10.6) 678 (12.3) 326 (19.5) <0.001
Physical activity — MET-hr/wk{ 16.2+19.4 14.4+17.5 13.5+17.3 12.1+17.1 <0.001
Total energy intake — kcal/day 1613:488 1737£505 1847+527 2050+559 <0.001
Artificially sweetened beverages — servings/day 0.97:1.28 0.68=1.02 0.55+0.99 0.41+1.03 <0.001
Genetic-predisposition score| 29.3+3.8 29.0+3.7 28.9+3.7 28.6+3.8 0.001

M ENGL ) MED 3'5?',15 MEJM.ORG OCTOBER 11, 2072



P Value for

Cohort Relative Risk Interaction
MHS and HPFS 0.02
<1 serving/mo o
1-4 servings/mo -
2-6 servings/wk .
=1 servings/day ( = )
WGHS 0.007
<1 serving/mo .
1-4 servings/mo ——
2-6 servings/wk Ce
=1 servings/day e
Pooled <0.001
<1 serving/mo -
1-4 servings/mo —e—
2-6 servings/wk ——
=1 servings/day ——
D.II 1.0 lE:'.EI IOIICI.D

Figure 1. Relative Risk of the Development of Obesity per Increment
of 10 Risk Alleles, According to Intake of Sugar-Sweetened Beverages.

For the discovery phase, with data from the Nurses' Health Study (NHS)
and Health Professionals Follow-up Study (HPFS) cohorts, the analyses
were based on 18 years of follow-up for 6402 initially nonobese women
(1980 to 1998, 1107 incident cases of obesity) and 12 years of follow-up for
3889 initially nonobese men (1986 to 1998, 297 incident cases of obesity).
Shown are the pooled relative risks of incident obesity, with adjustment for
age, source of genotyping data, level of physical activity, status with respect
to current smoking, alcohol intake, time spent watching television, Alterna-
tive Healthy Eating Index score, and total energy intake. For the replication
phase, with data from the Women's Genome Health Study (WGHS) cohort,
the analyses were based on a median of 6 years of follow-up for 18,127 ini-
tially nonobese women (1992 to 1998, 2280 incident cases of obesity).
Shown are the relative risks of incident obesity, with adjustment for age,
geographic region, eigenvectors, level of physical activity, status with re-
spect to current smoking, alcohol intake, and total energy intake. Horizon-
tal bars indicate 95% confidence intervals.

2TLG TPELC TIPOOTITIKEC LEAETEC, ATOMAL
TIOU TtapakoAouOnonkav yla pHepPLKA
XpOvLa Kol SEv ATav mayVoapKa Kot
NV mpwtn eniokePn, n avénuevn
KAToVAAwWoN avalUKTLKwY cuvdEBNKe
HE avarmtuén mayvoapkiag yo kabe
avénon 10 aAAnAopodpdwv Kivduvou.
Elvol XopoKTnPLOTIKO OTL ATOLLOL TTOU
KOTOLVOAWVAVE OAQ QUTA TAL XPOVLAL
TOUAAXLOTOV 1 avaPuKTIKO TRV NHEPQ,
glyav mevranAdolo Kivéuvo va yivouv
TIaXUoaPKOL OTAV Y0V TAUTOXPOVA KOl
auv&nuevn yevetikn mpodlabeon.
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Table 2. Increase in BMI per Increment of 10 Risk Alleles, According to Intake of Sugar-Sweetened and Artificially

Sweetened Beverages in the NHS and HPFS Cohorts.*

Analysis

Sugar-sweetened beverages
NHS cohort
Model 17
Model 23
HPFS cohort
Model 1+
Model 23
Pooled cohortsf
Model 17
Model 23
Artificially sweetened beverages
NHS cohort
Model 17
Model 23
HPFS cohort
Model 17
Model 23
Pooled cohorts
Model 17
Model 23

<1 Serving
per Month

1.17+0.18

1.18+0.17

0.80+0.20
0.77+0.19

1.00+0.13
1.00+0.13
1.43+0.20

1.42+0.18

0.94+0.13
0.95+0.13

1.16+0.13
1.19+0.13

Increase in BMI

1-4 Servings
per Month

1.66+0.16

1.56+0.16

0.42+0.21
0.43+0.20

1.20+0.13
1.12+0.12
1.37+0.21

1.25+0.21

0.78+0.24
0.76+0.23

1.11+0.16
1.03=0.16

2-6 Servings
per Week

1.84+0.23

1.78+0.22

1.05+0.19
1.08+0.19

1.37+0.15
1.38+0.14
1.43+0.20

1.39+0.20

0.40=0.20
0.45+0.20

0.92+0.14
0.92:0.14

=1 Serving
per Day

2.12+0.39

2.03+0.38

1.59+0.37
1.54+0.37

1.85+0.27

1.78+0.27

1.42+0.29

1.36x0.27

1.04:0.31
0.92+0.29

1.24+0.21
1.16+0.20

P Value
for Interaction

0.004
0.008

0.06
0.02

<0.001

<0.001

0.88

0.91

0.63
0.46

0.83
0.64

* Plus—minus values are 8 coefficients +SE. Data were derived from repeated-measures analysis for women in the NHS

{five measures during the period from 1980 to 1998) and for men in the HPFS (three measures during the period from
1986 to 1998). Data on beverage intake were assessed 4 years before the assessment of BMI.
1 Data were adjusted for age and source of genotyping data.
i Data were further adjusted for level of physical activity, time spent watching television, status with respect to current

smoking, alcohol intake, Alternative Healthy Eating Index score, and total energy intake.

[ Results for the two cohorts were pooled by means of inverse-variance—weighted, fixed-effects meta-analyses.
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Genetic-Predisposition Score Quartile

L2 mQl mQz Q3 mQ4

P<0.001

1.0+

0.8+

P<=0.001

0.6

0.4+

Difference in BMI

0.2

0.0----

-0.2+

NHS HPFS WGHS Pooled

Figure 2. Difference in BMI Associated with One Serving of a Sugar-Sweet-
ened Beverage per Day, According to the Quartile of the Genetic-Predispo-
sition Score.

Data are effect sizes (B coefficients [£SE]) of sugar-sweetened beverage
intake (one serving per day) on body-mass index (BMI; the weight in kilo-
grams divided by the square of the height in meters), stratified according
to the quartile of the genetic-predisposition score. In the NHS cohort, the
median scores across the quartiles were 24.5 (range, 13.1 to 26.3), 27.8
(range, 26.4 to 29.0), 30.3 (range, 29.1 to 31.7), and 33.6 (range, 31.8 to
43.4); in the HPFS cohort, 24.9 (range, 16.0 to 26.5), 27.9 (range, 26.6 to
29.1), 30.4 (range, 29.2 to 31.7), and 33.6 (range, 31.8 to 41.9); and in the
WGHS cohort, 24.7 (range, 15.3 to 26.5), 27.8 (range, 26.6 to 29.1), 30.3
(range, 29.2 to 31.6), and 33.4 (range, 31.7 to 43.4). In the NHS and HPFS
cohorts, the analyses were based on data from the first 4 years in women
(1980 to 1984) and men (1986 to 1990), respectively, with adjustment for
age, source of genotyping data, level of physical activity, time spent watch-
ing television, status with respect to current smoking, alcohol intake, and
Alternative Healthy Eating Index score. In the WGHS cohort, the analyses
were based on data from the first 3 years, with adjustment for age, geo-
graphic region, eigenvectors, level of physical activity, status with respect
to current smoking, and alcohol intake. P values are for interaction. I bars
indicate standard errors.
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Fried food consumption, genetic risk, and body mass
index: gene-diet interaction analysis in three US cohort
studies
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FTO genotype and weight loss in diet and lifestyle interventions:
a systematic review and meta-analysis'*

Lingwei Xiang,” Hongyu Wu,” An Pan,” Bhakti Patel,” Guangda Xiang,® Lu Qi,*” Robert C Kaplan,” Frank Hu,*”
Judith W_\-‘He—Rosen,j and Qibin er'j’:<

Study TAvs TT WMD (95% Cl) Weight % AA Vs TT WMD (95% CI) Weight %
Grau 2009 (18) —45-— -0.21 (-0.81, 0.39) 19.77 —if-— -0.40 (-1.23, 0.43) 17.86
Lappalainen 2009 (28) —F— -0.01(-1.14, 1.12) 5.58 —:b— -0.31 (-1.83, 1.21) 5.39

| !
Mitchell 2010 (20) -—-i-.—- 0.10 (-1.41,1.81) 3.15 —O—i—— -1.10 (-3.17, 0.97) 2.90
Razquin 2010 (19) —o—i- -0.62 (-1.24, -0.00) 18.86 -o-i- -1.00 (-1.74, -0.26) 22.86
Matsuo 2012 (31) —~:-0— 0.20 (-0.60, 1.00) 11.24 —5—4— 0.30 (-1.84, 2.44) 2.7
Zhang 2012 (21) —o—i-— -0.78 (-2.64, 1.08) 2.08 —o—i— -1.19 (-3.37, 0.99) 2.60

I I
Woehning 2013 (18) + : -1.20 (-6.11, 3.71) 0.30 : 1.60 (-3.07, 6.27) 0.57
Rauhio 2013 (24) i 0.00 (-3.20, 3.20) 0.70 i g 2.20 (-1.70, 6.10) 0.81

I |
McCaffery 2013 (14) -':4-- -0.04 (-0.51, 0.43) 32.50 -:‘-1'— -0.08 (-0.65, 0.48) 38.08
Verhoef 2014 (17) —J-— -0.20 (-1.31, 0.91) 5.83 —0-5-- -1.00 (-2.41, 0.41) 6.20

1 I
Overalll c -0.18 (-0.45, 0.09) 100.00 O -0.44 (-0.79, -0.09) 100.00

i (I-squared = 0.0%, p = 0.913) . (I-squared = 0.0%, p = 0.517)

: |

T T i T T T T ' T T
-5.0 25 0.0 25 50 -5.0 =25 0.0 25 5.0
More Weight Loss Less Weight Loss Mare Weight Loss Less Weight Loss

This meta-analysis of 14 studies (comprising 7700 participants)

present the results of dominant genetic models indicated a 0.20-kg

greater weight loss in the TA/AA genotype than in the TT genotype Am J Clin Nutr doi: 10.3945/ajcn.115.123448




FTO genotype and weight loss: systematic review and
meta-analysis of 9563 individual participant data from
eight randomised controlled trials

Katherine M Livingstone,"2 Carlos Celis-Morales,'> George D Papandonatos,* Bahar Erar,*
Jose C Florez,>¢ Kathleen A Jablonski,” Cristina Razquin,®® Amelia Marti,>'° Yoriko Heianza,"
Tao Huang,'"'2 Frank M Sacks,® Mathilde Svendstrup,''> Xuemei Sui,'® Timothy S Church,”
Tiina Jaaskeldinen,'®? Jaana Lindstrom,?® Jaakko Tuomilehto,?"?? Matti Uusitupa,'® Tuomo Rankinen,?
Wim H M Saris,?* Torben Hansen,'# Oluf Pedersen,'* Arne Astrup,? Thorkild | A Sgrensen,'426 Lu Qi3
George A Bray,"” Miguel A Martinez-Gonzalez,?'° | Alfredo Martinez,?'927 Paul W Franks,'>28
Jeanne M McCaffery,? Jose Lara,'*° John C Mathers!

Table 1| Characteristics of studies included in qualitative synthesis (n=10 000) and meta-analysis (n=9563)

No of participants Intervention Mean (SD)

Study All Men Women SNP MAF Type Length Region Ethnicity Age (years) BmI
Dpp=0 2835 962 1873 rs9939609 40.9 Drug and lifestyle 1 year North America Mixed 51.0 (10.6) 34.0 (6.7)
DREW 278 — 278 rs8050136* .0 Exercise & months North America Mixed 57.3 (6.7) 31.58(3.8)
Finnish DPS¥ 264 97 167 rs2939609 1.5 Diet and exercise Jyears Europe White 54.8 (7.2) 311 (4.6)
FoodaMe 3% 671 313 358 rs9939609 443 Diet and exercise 6 manths Europe White 43.3 (12.5) 7B (47)
Look AHEAD™ 3637 1601 2036 rs2939609 445 Diet and exercise 1 year North America Mixed 591 (6.9) 36.2 (6.0)
POUNDS LOST'® 600 240 360 rs9939609 451 Diet 2 years North America White 51.6 (9.1) 32.6 (3.9)
PREDIMED'™ 735 335 400 rs2939609 41.6 Diet 3 years Europe White 67.6 (6.0) 29.2 (3.3)
NUGENOBY 543 136 407 rs9939609 1.5 Diet 10 weeks Europe White 36.8(7.9) 35.7 (5.0)
Ramos et al¥ 26 - 86 rs2939609 ME Drug 6 months SouthAmerica  White 51 (3.0) 26.6 (2.8)
De Luis et al3® 305 80 225 rs9939609 A4 Diet 3 months Europe ME 43.5 (15.3) 36.6 (6.6)
MOVE!® 46 33 13 rs3939609 ME Diet Bweeks North America Mixed NE NE

SNP=single nucleotide polymaorphism; MAF=minor allele fraquency for all randomised participantswho provided genetic consent and whose DNA data passed quality control procedures;
BM|=body mass index; NE=not estimable based on data in published manuscript.
*SNP rs8050136 was in high linkage disequilibrium with rs9939609 (HapMap US residents of European ancestry: 2>=0.84).

thebmj | BMJ 2016;354:14707 | doi: 10.1136/bmj.i4707



Treatment Control
Study Mean SD Total Mean SD  Total
Body mass index
DPP20 -0.03 2.83 1970 010 2.53 B8&5
DREW* 012 1.85 218 006 2.61 60
Finnish DPS*  -0.09 2.89 134 -0.14 3.44 130
Food4Me™ 016 214 399 -0.01 1.67 272
look AHEAD'  0.04 3.64 1831 -0.11 2.59 1806
NUGENOBY 0.01 1.7 278  0.01 177 265
POUNDS LOST'® -0.17 3.67 303 -0.03 3.59 297
PREDIMED!? 016 216 552 -0.16 2.07 183
Total (95% CI) 5685 3878

Test for heterogeneity: -:2=D.OD, :,;2=é;. a0, df=7, P=0.67, I*=0%
Test for overall effect: z=0.40, P=0.69

Body weight
Dpp2? -0.09
DREW -0.42
Finnish DPS*!  -0.10
Food4Me® -0.29
Look AHEAD®*  0.14
NUGENOBY -0.06
POUNDS LOST*  -0.46
PREDIMED!? -0.41

Total (95% CI)

7.93
4,82
7.90
6.01
10.36
4,89
10.83
5.63

1970
218
134
399

1831
278
303
552

B&685

6.88
674
9.35
4.49
7.31
5.05
10.36
5.26

0.23
-0.03
-0.41
0.03
-0.27
0.02
-0.10
-0.46

865
&0
130
272
1806
265
297
183
3878

Test for heterogeneity: -:2=D.OD, ;{2=é.11, df=7, P=0.77, 1*=0%
Test for overall effect: z=0.280, P=0.78

Waist circumference

DPP20 -0.01
DREW4 0.16
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Fig 2 | Forest plot of change in body mass index, body weight, and waist circumference after weight loss intervention for
each copy of the FTO minor allele (rs9939609 genotype or a proxy) in treatment versus control arm in random effects

This systematic review and
meta-analysis of individual
participant data reveals that
carriage of the FTO minor
allele, associated with risk of
obesity in the general
population as well as baseline
adiposity in the present study,
was not associated with
changes in body mass index,
body weight, or waist

circumference in response to

%ight loss intervention.

It is shown that weight loss in
those carrying the FTO minor
allele is similar to the rest of
the population after dietary,
exercise, or drug based
interventions.
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Physical activity and FTO genotype by
physical activity interactive influences on
obesity

Joon Young Kim', Jacob T. DeMenna®, Sobha Pu_ppalag, Geetha Chittoor”, Jennifer Schneideﬁ,
Ravindranath Duggirala®, Lawrence J. Mandarino®®, Gabriel Q. Shaibi'®” and Dawn K. Coletta®®

Measurements, physical activity questionnaire

Table 1 Descriptive characteristics of participants by groups ("yes" responders vs. “no” responders at regular PA questionaire)®

PA-Yes (n=389) PA-No (n=271) Total (n=660) P-value
Age (years) 311 £136 331+£130 31.7+134 0.053
Sex (maleffernale), n (36) 186 (48)/203 (52) 71 (26)/186 (74) 260 (39)/407 (B1) <0001
BMI (kg/m™)" 279 +6 301+73 288+66 <0001
Fat mass I:kg]b 204+103 254+121 224+113 <0001
Hip circumference (cm)® 1046+124 10B5+ 146 1061+ 135 <00
Waist circumference (cm)® 933+ 152 OR5+ 168 953+ 161 <0.001

Data are mean =50 unless otherwise indicated. A total of 667 participants participated in the study. Of the 667 participants, data for PA questionnaire, body mass
index (BMI), fat mass, hip circumference and waist circumference were not available for 7, 3, 8, 7, and 7, respectively
*Not accounted for the relatedness of study participants; "Adjusted for age and sex effects

Kim et al. BMC Genetics (2016) 17:47
DOl 10.1186/512863-016-0357-6



Table 2 Interaction between PA and FTO SNPs on adiposity-related phenotype

S5NP s no. Phenotype Major/major Major/minor Minor/minor p*
PA_Yes PA_Mo PA_Yes PA_Mo PA_ Yes PA_MNo

53751812 (GT) BMI 278+61 289 +64 282+57 31.2+71 309 +48 373+83 0.08
Fat mass 2024109 243+116 21.1+97 275+128 263+85 384+165 012
HC 10424127 1065+133 1055+115 1109+13.7 1M112+98 12271161 013
WC 027+153 G65+163 942+ 147 1004+ 161 1025+133 1115+194 046

rs8050136 (C/A) BMI 280+6.1 2B9+65 279+57 309+£70 307 £49 34.7+90 0.14
Fat mass 205+110 244+118 206+97 271+126 254+ 86 3324174 0.10
HC 1Me+125 1066+134 1048+120 1104+£137 10959+ 100 1183+ 168 0.14
WC 029+152 968 + 166 938+ 1489 1000+159 1007 +143 1058+208 061

rs9939609 (T/A) BMI 279+62 288 +64 28057 309+£70 306+48 34.7+90 0.60
Fat mass 204+111 43+118 208+96 2Z71+118 253+384 3324174 017
HC 1044+128 1064 +132 1050+117 1103+136 1099+97 1183+ 168 0.21
WC Q27+155 066+ 166 041+ 146 1000+£158 1002 £ 141 1058+208 0.78

Data are mean =50 unless otherwise indicated. SNP rs no (Major allele/Minor allele) and bold allele indicates risk allele; BMI, body mass index; HC, hip

circumference; WC, waist circumference. rs3751812 (major allele [G]; minor allele [T]); rs8050136 (major allele [C]; minor allele [A]); rs9939609 (major allele [T];

minor allele [A])

“P-values from the genetic analyses regarding the significance of the intercation terms

Kim et al. BMC Genetics (2016) 17:47

DOl 10.1186/512863-016-0357-6
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Fig. 1 Interaction between PA and FTO SNP rs3751812 on adiposity-related phenatypes. Major allele (G)/minor allele (T); minor allele T considered
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To our knowledge, the majority of interaction studies

have focused on European populations [9, 26] and a lack
of data exist in the Latino population, even though it is

well established that Latinos are at increased risk for

obesity and type 2 diabetes [10]. Therefore, our data are

relevant as we exclusively focused on Latino children

Kim et al. BMC Genetics (2016) 17:47
DOI 10.1186/512863-016-0357-6



Physical Activity Attenuates the Effect of the FTO
Genotype on Obesity Traits in European Adults:
The Food4Me Study

Carlos Celis-Morales”, C vril F.M. Marsaux”, Katherine M. Livingsmne‘?, Santiago Navas-C arretero™”?,
Rodrigo San-C ristobal’*, Clare B. O’donovan’, Hannah Forster’, Clara Woolhead®, Rosalind Fallaize®,
Anna L. Macready®, Silvia Kolossa”, Jacqueline Hallmann’, Lydia Tsirigoti®, Christina P. Lambrinou®,
George Moschonis®, Magdalena Godlewska®, Agnieszka Surwitto”, Keith Grimaldi'’, Jildau Bouwman'',
Yannis Manios®, Iwona Traczyk®, Christian A. Drevon'”, Laurence D. Parnell’”, Hannelore Daniel’,
Eileen R. Gibneyj, Lorraine Brennan’, Marianne C. Walsh®, Mike Gibneyj, Julie A. Lovegrm’e'j,

J. Alfredo Martine=>*, Wim H.M. Saris’, and John C. Mathers’, on behalf of the Food4Me Study

Obesity (2016) 24, 962-969. doi:10.1002/cby.21422



PA measures and analysis

PA levels (PAL) and time spent in sedentary behaviors were meas-
ured objectively using triaxial accelerometers (TracmorD, Philips
Consumer Lifestyle, The Netherlands) (24). All participants were
instructed to wear the accelerometer every day during waking hours,
except when taking a shower, for the whole duration of the study.
For the analyses reported in this article, data collected over 2 weeks
at baseline were used. Participants were instructed to upload their

PA data into the study server via the Internet.

TABLE 1 Characteristics of Food4Me study participants

Variable Qverall Men Women
N 1,280 537 743
Age (years) 39.9 (13.0) 416 (13.4) 38.7 (12.5)
Anthropometric

Height (m) 1.71 (0.09) 1.79 (0.07) 1.65 (0.06)
Body weight (kg) 74.7 (15.8) 83.4 (13.5) 68.5 (14.3)
BMI (kg m~2) 255 (4.8) 26.1 (4.1) 24.9 (5.2)
Underweight (<18.5 kg m~? %) 2.6 0.8 3.8
Normal weight (>18.5 to <25.0 kg m~?; %) 51.3 447 56.0
Overweight (>25.0 to <30.0 kg m~ % %) 303 38.4 246
Obesity (>30.0 kg m~?; %) 15.8 16.1 15.6
WC (cm) 85.7 (13.8) 92.7 (12.1) 80.7 (12.8)
Central obesity (%)* 243 22.8 256
Physical activity (PA)

PAL 1.73(0.18) 1.74 (0.2) 1.72 (0.2)
Sedentary time (min day ") 7448 (76.6) 738.9 (82.3) 749.1 (71.5)
Light PA (min day™") 73.9 (30.9) 74.0 (29.8) 73.9 (30.9)
Moderate PA (min day™') 33.3 (20.4) 37.3 (21.1) 30.3 (19.4)
Vigorous PA (min day™") 11.8 (16.1) 16.7 (18.1) 8.17 (13.1)
Moderate-equivalent PA (min day ") 56.9 (45.0) 70.9 (49.7) 46.7 (38.4)
Moderate-equivalent PA in 10-min bouts (min day ") 29.2 (32.3) 36.5 (35.9) 23.8 (28.1)
Active individuals (=150 min week ' 47.0 56.5 400

moderate-equivalent PA in bouts; %)

Obesity (2016) 24, 962-969. doi:10.1002/0by.21422
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Figure 1 Assodiation batween FTO rs3G30800 ganctype and adiposity measumes.
Least-squares means of genotypes were calculated by wsing Robust Linear
Ragression, with adjustmant for ags, sax, and country.

TABLE 2 Association of FTO rs9939609 genotype with obesity-
related traits

Beta or OR
Variable (95% CI) P
Anthropometric
Body weight (ka) 1.09 (0.14 to 2.04) 0.024
BMI (kg m 2] 0.54 [0.23 to 0.83) = 0.0001
WC (cm) 1.07 (0.24 to 1.90) 0.011
Overweight or obesity® 1.32 (112 to 1.54) 0.00
Central obesity” 1.13 (095 to 1.36) 0.158

Data presanted as beta coeffident or odds mtio [OF) with their comesponding 86%
confidance intarval {C).

Modals wam adjustad for age, sex, and country. Physical activity varables weam
additionally adjusted for monitor wear time and season. Allels frequencies weane TT
{n =468), TA [n=T738), and AA (n= 264).

Wovarweight or obesity was defined as BMI = 25.0 kg m ™ Hnormeal weight was used
as rafarance group). Central obesity was daefined as WC =88 cm for women and
»>102 cm for men jindhviduals with no central obesity wam used as mierence
group).




TABLE 3 Association between the FTO rs9939609 genotype and obesity measures by category of moderate-equivalent
physical activity (PA)

Low PA (n =288), Middle PA (n = 306), High PA {0 =686),

Beta or Beta or Beta or
Variables OR (95% CI) P OR (95% CI) P OR (95% Cl) P Pieroreay
Body weight (kg) 353 (093 o 6.11) 0.008 1.42 (—0.84 to 3.67) 017 —0.28 (—1.48 to 0.91) 0.644 0.003
BMI (kg m™ 3 1.06 (0.14 to 1.99) 0.024 068 (—0.08 to 0.15) 0.082 016 (—0.21 to 0.52) 0.388 0.020
WC (cm) 272 (043 to 5.01) 0.019 1.81 (—0.22 to 2.84) 0.081 —0.49 (—1.6 2t 0. 64  0.393 0.005
BMI = 25.0 (kg m™3)? 5 (110 to 2.45) 0.014 1.30 (094 o 1.79 0112 1.22 (0.93 to 1.56) 0.102 0173
Central obesity® 1.04 [0.71 to 151} 0.824 1.22 (0.84 o 1.76) 0.285 1.02 (0.73 to 1.39) 0.923 0.902

Data presentad as adjsted bata cosffident or odds ratio (OR) with their comasponding 85% confidanca interval (CI).
All models are adjusted for age, sax, country, season and monitor waar time. Bata or OR ks the increasa in trait par each copy of the rick alldle; P-valua for FTO and PA
categary interaction is the difiarence in trait par minor allele of 9939069 comparing individuals with lowear (<150 min waek ~"), middle (150-300 min waeak™") and higher
(=300 min weak™ ") bvals of modamate-equivalant PA
2(Ovarwaight or obesity was defined as BMI=25.0 kg m™ jnomal weight was used as reference group). Central obasity was defined as WC =88 em for wamen and
=12 cm for man findividuals with no central dbesity weare used as raferance group).

traits. We found that the mfluence of the FTO nsk allele on BMI
wis 36% and 4% lower m individuals achieving between 150 and
300 min week ' or above 300 min week ' of moderate-equivalent
PA, respectively, than in inactive individuals (<150 min week ).
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Screen time behaviors may interact with obesity genes,

independent of physical activity, to influence adolescent BMI in
an ethnically-diverse cohort

M Graff!2, KE North'3, AS Richardson?, KM Young'2, KL Mohlke34, LA Lange34 EM
Lange34, KM Harris2:3:5, and P Gordon-Larsen2:5

Pediatr Obes. 2013 December ; 8(6): . do1:10.1111/1.2047-6310.2013.00195 x.
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tHomo sapiens hypothetical protein FLJ35779 (FLJ35779), mRNA




The protein encoded by this gene is an allosteric enzyme that catalyzes the
reversible reaction converting D-glucosamine-6-phosphate into D-fructose-
6-phosphate and ammonium. Variations of this gene have been reported to
be associated with influencing body mass index and susceptibility to
obesity. A pseudogene of this gene is located on chromosome 9. Alternative

splicing results in multiple transcript variants that encode different protein
isoforms.
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Although we find suggestive evidence that ST may exacerbate the influence of FLJ/35779 in
EA and GNPDAZin AA on BMI Z-score. strong evidence for interaction between the
majority of established obesity loci and ST on BMI is lacking. However. our study was
powered to detect fairly large interactions, which we did not observe. These estimates are an
important resource that should pooled with other samples for meta-analyses. Indeed. our
findings are relevant to the larger discussion of obesity susceptibility and modifiable

behaviors influencing BMI.
Pediatr Obes. 2013 December : 8(6): . do1:10.1111/5.2047-6310.2013.00195 x.



