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Baseline characteristics

Men (n=1896) Women (n=682) All (n=2578)

Age, yr | 41.5 (7.2) 40.6 (6.6) 413 (7)
SBP, mmHg 122 (13.8) 112.8 (14.8) 119.4 (14.6)
DBP, mmHg  81.9(16.7) 76.3 (10.6) 80.3 (15.4)

Glucose, mg/dL 95.5 (26.7) 89 (20.5) - 93.8 (25.4)

TG, mg/dL 143.4 (96.3) 90 (53.8) 129.3 (90.2)
HDL-c, mg/dL 48.8 (10.8) 59.5 (12.7) 51.7 (12.3)

LDL-c, mg/dL 151.4 (37.5) 139.8 (34) 148.3 (36.9)




Baseline characteristics

Men (n=1680)  Women (n=635) All (n=2315)

BMI, kg/m2 24.6 (3.5) 22.4 (3.9) 24 (3.7)

ATl 89.2 (9.2) 78.9(9.7) 1 86.3(10.4)
bie o 98765 . s T 97.8 (6.8)
PBF | 24.6 (6.1) 33 (6.9) 26.9(7.3)

SMM ) 29.4 (3.7) 19.7 (2.6) ~ 26.7 (5.6)

Visceral fat area 101.2 (34.2) - 78.5(24) 95 (33.3)



Baseline characteristics

Men | Women All
Smoker, n (%) 267 (18.8) 7 (1.2) 274 (13.8)
Drinker, n (%) 1043 (73.6) 177 (31.6) 1220 (61.7)
Overweight, -n (%) 1206 (65.4) 237 (35.2) -1443 (57.3)

Obesity, n (%) 727 (39.4) 132 (19.6) 859 (34.1)

Diabetes, n (%) 120 (63) el (28) 139 (54)

Hypertension’ n (%) | 405 (28.7) | 88 (15.7) | 493 (22..3)

MetS_NCEP, n (%) 362 (25.7) 77 (13.7) 439 (22.3)
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Changes in a 100-d over-feeding in 12
pairs of identical twins.
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Genetics of aerobic and anaerobic performances

1.0

Twin A
r=0.77

F=78(P=0.002) ¢

o o o
¥ -4 (o] (o]
i | i

Changes in VO, __ , L/min
o
n

Twin B

O
o
d

00 02 04 06 08 10
Changes in VO, __ , LUmin

onea A, BO wGenetics of aerobic and anaerobic

ev 1992:20:27-58.



% &
Changes in 3-mo.negative energy balance
protocol in 7 pairs of identical twins
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Variation in FTO contributes nature
to childhood obesity and severe genetlcs

adult ObGSItY 2900 affected individuals and 5100 control

Christian Dina!, David Meyre], Sophie Gallina!l,
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A Common Variant in the F'7T0O Gene Is Associated with Body Mass Index and
Predisposes to Childhood and Adult Obesity
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13 cohorts with 38,759 participants

homozygous for the risk allele weighed about 3 kilograms more
and had a 1.67-fold increased risk of obesity
| | | 7

Sciencexpress / www.sciencexpress.org / 12 April 2007 / Page 1/ 10.1126/science. 1141634
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Six new loci associated with body mass index highlight a
neuronal influence on body weight regulation

Common variants at only two loci, FTO and MC4R, have been reproducibly associated with body mass index (BMI) in humans.

To identify additional loci, we conducted meta-gpe genome-wide association studies for BMI (n > 32,000) and
e strongly confirm FTO and MC4R and identify six additional

followed up top signals in 14 additional cohorts
loci (P < 5 x 107%): TMEM18, KCTD15, GNPDASSH2B#"MTCH2 and NEGR1 (where a 45-kb deletion polymorphism is a
candidate causal variant). Several of the likely causal genes are highly expressed or known to act in the central nervous system
(CNS), emphasizing, as in rare monogenic forms of obesity, the role of the CNS in predisposition to obesity.
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Association analyses of 249,796 individuals reveal ggﬁeetics
18 new loci associated with body mass index

ObeSIty is globally preva[ent and hlghly herltab]e, but its under[ymg genetic factors remam large[y eluswe To 4 y genell _
- s mSau 123, 865 mdmdua[s

GPRC5B. Some loci (at MC4R, POMC, SH2B1 and BDNF) map near key hypothalamic regulators of energy balance, and one of
these loci is near GIPR, an incretin receptor. Furthermore, genes in other newly associated loci may provide new insights into

human body weight regulation.  Received 13 May; accepted 15 September; published online 10 October 2010; doi:10.1038/ng.686
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Obesogenic environment
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Obesity, Television watching in US children
aged 8-16 yrs: NHNES 111, 1988 to 1994.
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Television viewing time independently predicts
all-cause and cardiovascular mortality:

the EPIC Norfolk Studx.
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Genetic and environmental

Influences on CVD risk factors
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Mixed study population

Low likelihood of detecting GxE




~Stratified study population

Increased likelihood of detecting GXxE
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ADIPOQ 111391G>A, adiponectin
and adiposity

ADIPOQ -11391G>A

GG GA+AA
(n=930) (n=143)

9000 _P=0.0001

8000
Waist, cm 101+1.1 97+ 1.3 0.002

Serum adiponectin, ng/mL

7000
Hip, cm 109+0.8 107+1.0 0.004
6000
o BMI, kg/m2 29.6+0.4 28.6+0.5 0.019
GG GA+AA Insulin, 13.5 12.0 0.013
uu/mL (12.6-14.3) (11.0-13.2)
- -11391G>A
3.7 3.3 0.009
HOMA-R (3.5-4.0) (3.0-3.6)

gdemwichit D. Obesity 2009;17:510-7.



M GA+AA

GG

MUFA>13%0

MUFA<13%

| T T T I |
A DL 00 =t (O S LE)
M N N N N N

/3 ‘IINg

A1s2qo 10} 4O

pdomwichit D. Obesity 2009;17:510-7.




" Low Physical Activity Accentuates the Effect of the F'T0 &
rs9939609 Polymorphism on Body Fat Accumulation
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FTO genotype, obesity and physical

activity
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- FTO genotype, obesity and
physical activity

p=0.004*
A
. i g
Active group
il y
g - p=0.062 P<0.001 P<0.001 P<0.001
e
& 27 [(]cc
3
8 26 - Kol
_éi
g 25 4
~§‘ 71T
=)
24 . :
Active Moderately = Moderately Inactive : = 0.055%*
(n=3.709) Active active  (n=6,252) Pinteraction™ U

(n=4,610) (n=5,803)
Levels of physical activity

imaleswaren KS. AJCN 2009;90:425-8
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GENETIC ANALYSIS

FTO Genotype and the Weight Loss Benefits
of Moderate Intensity Exercise
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Table 1 Selected observational studies of gene-lifestyle interactions on obesity.

Reference Subjects* Gene Lifestyle Major findings
(variants) factors
Meirhaeghe etal. 1152 ADRB2 Physical Men carrying GIn27GIn genotype had increased risk
(1999)% (GIn27Glu) activity of adiposity only with no physical activity. No
interaction was observed in women
Luan et al. 592 PPARG Total fat, BMI was higher among Ala allele carriers only when
(2001)% (Pro12Ala) P:S ratio the P:S ratio was low, and the opposite was seen
when P:S ratio was high (p-interaction = 0.0039)
Corbalan et al. 252F ADRB2 Physical In women who were more active, Glu-allele carriers
(2002)% (GIn27Glu) activity had higher BMI than non-carriers.
Marti et al. 313 PPARG CHO Pro12Ala was associated with increased risk of
(2002)% (Pro12Ala) obesity only in those with higher CHO intake
(p-interaction = 0.02)
Martinez et al. 313 ADRB2 CHO Women with high CHO intake had greater risk of
(2003)% (GIn27Glu) obesity than those with low CHO intake only in
GIn27Glu heterozygotes (p-interaction = 0.058)
Nieters et al. 306 11 genes n-6 PUFA Substantial interaction between variants in PPARG2,
(2002)% (15 SNPs) TNFA, leptin (possibly APM1, HSL) and dietary n-6
FA intake in relation to obesity risk
Robitaille et al. 313 M/407 F  PPARG Total fat, SFA  In women, Pro12Pro homozygotes were positively
(2003)% (Pro12Ala) associated with total fat and SFA intake in relation
to WC and BMI, but not in Ala-allele carriers
Memisoglu etal.  2142F PPARG Total fat, fatty ~ BMI was positively related to total fat only in
(2003)% (Pro12Ala) acids, P:S Pro12Pro homozygotes (p-interaction = 0.0003);
ratio BMI was negatively related to MUFA only in
Ala-allele carriers (p-interaction = 0.003)
Robitaille et al. 632 M PPARA Total fat, SFA  Total fat and saturated fat intake were positively
(2004)% (Leu162Val) related to WC only in Leu162Leu homozygotes

(p-interaction=0.01 and 0.008, respectively)

* Nutr Rev. Dec 2008:66(12):684-694.
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Table 1 Selected observational studies of gene-lifestyle interactions on obesity.

Reference Subjects* Gene Lifestyle Major findings
(variants) factors
Alonso et al. 300 UCP3 Physical Carrying T-allele was associated with lower risk of
(2005) (-55C>T) activity obesity only in those with higher physical activity
Berentzen et al. 1285 UCP2 (ID), Physical No interaction in relation to 10-year weight change
(2005)” UCP3 activity
(-55C>T)
Miyaki et al. 295 M ADRB3 Total energy  Arg64-allele carriers were associated with greater
(2005)* (Trp64Arg) obesity risk than Trp64Trp homozygotes, but only
in the highest energy intake quartile
Moran et al. 1016 ACE (I/D) Physical Carrying D-allele was associated with increased fat
(2005)7 activity thickness; this association was strongest in
women with no extra exercise
Ridderstrale etal. 902M/899F PPARGCTA Physical Elderly men carrying Ser-allele had increased risk of
(2006)"! (GLy482Ser) activity obesity
Song et al. 285 M IL6R Total energy  Energy intake was significantly associated with WC
(2007)%° (Asp358Ala) in T-allele carriers, but not in GG homozygotes
(p-interaction=0.03)
Andeasen et al. 17,162 FTO Physical Physically inactive AA homozygotes had an increase
(2008)* (rs9939609) activity in BMI compared with TT homozygotes

(p-interaction= 0.007)

* Nutr Rev. Dec 2008:66(12):684-694.
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Table 2 Selected intervention studies of gene-lifestyle interactions on weight change.

Reference Subjects*  Gene (Variants) Intervention Major findings
Yoshida et al. 88F ADRB3 (Trp64Arg)  LCD + exercise, Arg64-allele carriers lost less weight than
(1995)"* 3mo Trp64Trp homozygotes (P < 0.05)
Fumeronetal. 163 UCPT (BcdlA=G LCD, 2.5 mo UCP1 G-allele carriers lost less weight (P < 0.05)
(1996) [3826]), ADRB3 than AA homozygotes
(Trp64Arg)
Sakane et al. 61F ADRB3 LCD + exercise, Arg64-allele carriers had smaller decreases in
(1997) (Trp64Arg) 3mo weight and WHR than Trp64Trp
homozygotes
Kogure et al. 113F UCPT (-3826 LCD + exercise, UCP1 GG homozygotes lost less weight than
(1998)% A > G), ADRB3 3 mo A-allele carriers (P < 0.05); ADRB3
(Trp64Arg) Arg64-allele carriers lost less weight than

Trp64Trp homozygotes; Those carrying both
variants had less weight loss than those
carrying either genotype alone.

Mammes etal. 38M/79F  LEP (8 SNPs) LCD, 2.5 mo In women, the SNP -2549C allele was
(1998)% associated with lower BMI loss (P = 0.05)
after intervention
Mammes etal.  114F/65M LEPR (T343C) LCD, 2.5 mo Women carrying C- allele lost more weight
(2001)% than TT homozygotes (P= 0.006)
Xinli et al. 31M/16 F  ADRB3 Low cholesterol Increases in weight and BMI were lower in
(2001)% (Trp64Arg) and SFA based children with Trp64Trp homozygotes than in
on NCEPA step1 the Arg64-carriers and the control group
diet, 3 mo (P <0.05)
Rawson et al. 34 F ADRB3 AHA step2 diet No interaction in relation to body composition
(2002)" (Trp64Arg) (1200 kcal/d), and total daily energy expenditure
135 £ 2.6 mo
Shiwaku et al. 76 F ADRB3 LCD + exercise, Arg64-allele carriers lost less weight than
(2003)™ (Trp64Arg) 3mo Trp64Trp homozygotes (P=0.035)

ity. Nutr Rev. Dec 2008;66(12):684-694.
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Table 2 Selected intervention studies of gene-lifestyle interactions on weight change.

Reference Subjects*  Gene (Variants) Intervention Major findings

Aberle et al. 606 M APOAS Low fat, 3 mo C-allele carriers lost more weight than TT
(2005)% (-1131T> Q) homozygotes (P=0.002)

Corella et al. 9M/39F PLIN LCD, 1y GG homozygotes lost more weight than
(2005)¥ (11482G > A) A-allele carriers (P=0.02)

Shin etal. 296 F UCP1 (A3826G, VLCD, 1 mo The common haplotype [GAG] was associated
(2005)" A1766G, with less reduction of WHR (P= 0.006) and

Ala64Thr) body fat mass (P = 0.05) than in non-carriers

Cha et al. 214F UCP3 (6 SNPs) VLCD, 1 mo The common haplotype [CGTACC] was

(2006)™ associated with an increased reduction in

body weight (P=0.016) and BMI (P = 0.039);
Int3-47G > A G-carriers lost more weight
than AA homozygotes (P=0.02)

De Luis et al. 14M/55F  FABP2 LCD + exercise, Thr-allele carriers had greater decrease in fat
(2006)% (Ala54Thr) 3mo mass than Ala54Ala homozygotes (P < 0.05)

Goyenechea 22M/55F L6 (-174G > (), LCD, 2.5 mo IL6 C-allele carriers had less weight regain after
etal. (2006)* PPARG 1-y weight-loss program (P = 0.049); carriers

(Pro12Ala) of both variants maintained the weight loss
better (P= 0.043) than non-carriers

Santoro et al. 107 M/77 F MC3R (C17A, LCD + exercise, Wild-type homozygotes lost more weight than
(2007)* G241A) 2mo rare-allele carriers (P =0.03) after 12 mo

Yoon et al. 301F UCP2 (4 SNPs), VLCD, 1 mo UCP2 -866G > A and the major haplotype
(2007)% UCP3 (10 SNPs) [GGCdelCGTACC] had a significant reduction

in fat mass (P= 0.002 and 0.004)

ty. Nutr Rev. Dec 2008;66(12):684-694.
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Ongoing project in EGAT 3/1

o Interested o_utcorhes: Obesity, 'Metab_olic sy'ndrom_e

¢ Genetic association study: based on candidate SNPs
in previous studies (both Thais and GWA)

0 Environmental factors:

~ 0 Physical activity: questionnaire
¢ Diet: (focus on lipid) serum fatty acid composition

¢ Replication in intervention study



