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lNovidlo Gene ZUyKekpIpévn TrepIoxr) Tou DNA, n otroia KwOIKOTTOIEl hia TTpwTEIvN.
eveTikGg TéTTOQ Locus Mepioxr Tou XpWHOOWHATOG.

AANAGPOPPO Allele EVAANQKTIKEG HOPPEG EVOG YOVIDioU O€ EVa DEDOUEVO YEVETIKO TOTTO.
MoAupop@ioudg Polymorphism Ala@opeTikr) aAAnAouyia Bdong/Bacewv aTo idlo yovidio, ye uwnAi

ouxvoTtnta atov TTANBuouo. Agv odnyei o€ eu@avion aobéveiag - rsiD

MeTaAAagN Mutation ANayn Bdong/Bdaoewyv evég yovidiou, n otroia 0dnyei o€ EKPPACT un
(PUOIOAOYIKNG TTPWTEIVNG KAl a0BEVEIAG. ZTTAVIO OTOV TTANBUCO.

daivéTuttog Phenotype Maparnpouuevn ékpaon evog 1 TTOAWYV yovidiwy.

MovoTuTTog Genotype eveTikA ouoTaon evog atouou.

Baoikoi opol



Odds ratio (OR)

Relative Risk (RR)

Beta coefficient
p-value

Meta-analysis

Candidate-gene analysis
GWAS

OR = 1: Agv uttapxel dlaQopd WG TTPOG TNV TMOaAvoeTNTA ENPAVIONG TNG
vOOoOU PETALU TWV 2 OPAdwV

OR < 1: H vooog cival Aiyétepo moavo va ekdnAwbei ota dToua TTou
EKTEBNKAV 0€ OUYKPION PE QUTA TTOU OV EKTEONKAV
(MPOZTATEYTIKH EMIAPAZH)

OR > 1: H vooog cival TBavotepo va ekdnNAwbei ota GToua TTou
eKTEONKAV o€ OUYKPION e auTd TTou dev ekTéONKav (EMIBAPYNTIKH
EMIAPAZH)

RR>1: o kivduvog eu@dviong TG vooou augdaveTal HETa Tnv €KBeon oTOV
TTapAyovTta HEAETNG

Zxéon peTagu Y kal X — Baputnta
p-value<0.05: H amoppiyn ¢ HO eival ioxupn

2TATIOTIKI) aVAAUCH QTTOTEAECPATWY UEAETWV PE KOIVA UTTOBEDN, UE
OKOTTO va Byel €va KOIVO CUUTTEPOC A

‘EAEYX0G OUYKEKPINEVWYV YoVIdiwv (a priori)

Tuxaia avalritnon cuoxETIoNG — Zapwan yovidiwuaTtog (a posteriori)

Baoikoi opol
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ErtutoAalo oG

Avapeévetal
TMEPALTEPW aUvENnon
TOU TAaykKOoULlOU
ETLMOAQAOCHOU TNG
vooou.

H av aykn
ECOATOULKEUUEVNG
Bepaneiag eivat
TIAEOV ETUTAKTLKN.

(ET?) Prevalence of diabetes in adults (20—79 years) in IDF Regions, by age-adjusted comparative
diabetes prevalence

Europe
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IDF Diabetes Atlas



r
I Factors that affect insulin secretion and action

! NaBoduacioloyia
1 * Body weight * Heavv alcohol consumption * Epigenetics

1 * Level of physical activity * Genetic predisposition * Gestational diabetes

I »« Smoking * Gene-environment interaction mellitus

J1

|

Positive risk profile Negative risk profile

| l
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insulin resistance
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Normoglycaemia .
TwV yovidiwv

Insulin-mediated Insulin-mediated Insulin-mediated
glucose production T glucose uptake 1 glucose uptake 1

Adipose tissue Skeletal muscle

Hyperglycaemia

Zheng 2018



Baolkot mapayovteg Kivduvou

MeyaAUtepn nALkia

Mn Agukn KoTaywyn

OLKOYEVELAKO LOTOPLKO cakyxapwdoug dtaBrtn tumou 2
XapnAn KOWWVIKOOLKOVOLKH KATAOTOON

[eveTIKOL MaPAYOVTEC

JUOTOTIKA TOU HETABOALKOU cuvOPOUOU

YniépBapo n maxvoapko (AMZ 225 kg / m2)

Kevtplkou TUTOU ayuoapkia (aveEaptntn amnod tov AM3)
AVOLUYLELVES SLATPOPLKEG OUVNUTELEG

Kanviopa

KaBiotikn {wn

lotopkd cakxapwdouc dtafitn kunong N mapadoon veoyvwv> 4 kg og Bapog
Mepika pappaka, onwc otativeg, Belalideg kot BATA-ATTOKAELOTEC

R T R S I kTR D SRS

WUXOKOWWVLKO OTPEG Kal KataBAupn

Zheng 2018



MNapdyovteg Statpodng

Oompla &
&npol kaprol
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AmoteAéopota  pEYOAWVY
dtatpodlkwv HEAETWV
mapatTnpnong Kot
napeppaonc.

Nutritional factor assessed Relative risk (95% CI)

Nutrients
| Haeme (iron) | 1.31(1.21-1.43) extreme groups*
Clycaemic index 1.19 (1.14-1.24) extreme groups*
Glycaemic load 1.13 (1.08-1.17) extreme groups*

Docosahexaenoic acid 5HA) or
eicosapentaenoic acid (EPA)

Vegetable fibre 1.04 (0.94-1.15) extreme groups*
Fruit fibre 0.96 (0.88-1.04) extreme groups*

o-Linolenic acid

1.04 (0.97-1.10) per 250 mg per day

0.78 (0.73-0.84) extreme groups*
ereal fibre 0.67 (0.62-0.72) extreme groups*

itamin D 0.62 (0.54-0.70) extreme groups*

Food groups

rocessed red meat '1.51 (1.25-1.83) per 50 g per day
1.19 (1.04-1.37) per 100 g per day

nprocessed red meat

Sh or seafoo! . . .34) per g per day
hite rice "1.11 (1.08-1.14) per 1 serving per day
reen leafy vegetables 0.86 (0.77-0.97) extreme groups*

reen leafy vegetables 0.84 (0.74-0.94) extreme groups*

airy products 0.86 (0.79-0.92) extreme groups*

hole grains 0.68 (0.58-0.81) per 3 servings per day
ugar-sweetened beverages 1.26 (1.12-1.41) extreme groups*

ugar-sweetened beverages 1.18 (1.06-1.32) per 336 g per day
ecaffeinated coffee 0.80 (0.70-0.91) extreme groups*

otal coffee 0.70 (0.65-0.75) extreme groups*

Dietary patterns

. —
0.60 (0.43-0.85) Mediterranean diet supplemented with extra-virgin olive oil compared with control group (advicdlon

editerranean diet a low-fat diet), 0.82 (0.61-1.10) Mediterranean diet supplemented with nuts compared with control group

Iternate healthy eating index
AHEI) 2010

ietary approaches to stop
ertension (DASH

0.77 (0.67-0.88) the highest compared with the lowest quintiles

0.75 (0.65-0.85) the highest compared with the lowest quintiles

Zheng 2018



Quokn dpaoctnplotnta

Aoknon

* YPnAn vs xapnAn OA cuoxetiletal e peiwon Tou oXeTkoU Kvduvou eudaviong ZA Katd
nepirnov 30%

* BeAtiwon woouAwoegvaloBnoiag ko YAUKOLULKOU EAEYXOUL o€ UN-OtaBNTikd dtopa.

e JuumeplAapBavovtal 6AoL oL TUTIOL AoKNONG (evtog & ekToC epyaociag).

e Aev adopd povo otnv Katavaiwon Bepuidwv.

ApaotnPLOTNTEC KOOLOTLKEG

o Auénuévn dapkelo KaBLoTIKwY dpaoTnpLoTTWV =2 2mAActog kKivéuvog epdaviong XA

* 1 wpa eNMUTALOV UMPOooTa otnV tnAedpacn =2 3,4% peyaAutepo kivbuvo spdaviong ZA
HEoa o€ 3,2 £€1n

— Z0U0TOO0N VLA AVTLKOTAOTOON KOOLOTIKWY SpaoTnpLlOTATWY HE SpacTNPLOTNTEC TTOU
neplapBavouv kivnon kat aocknon.

Kolb & Martin, 2017



Quokn dpaoctnpLotnTa

Authors (date) [ref.]

LTPA '
Helmrich et al (1991) [14]
Lynch et al (1996) [13]
Haapanen et al 2!? (1997) [36
Haapanen et al (| g {‘153 9]97) [36]

James et al (1988
Folsom et al (2000) [62)
Okada et al (2000) [66)
Wannamethee et al (2000) (6]
Hu et al (2004 570]
&einsmin eta l20(2)8)05!12]3
eisinger et al —o-'—
Meisinger etal ﬁl?)((zoosz)[[:i?r]] - -
Villegas et al (2006) [47] -
Carlsson et al (2007) [41] - |
Maglianc et al (2008) [40] —
Chien et al (2009) [68) —
Fretts et al (200;3 [46! e
Krishnan et al (2009) [64]
Siegel et al (2009) [60)]
Demakakos et al (2010) [71) _— !
Grontved et al (2012) [61 .
Lee etal (2012) [67) .
Steinbrecher et al (I) (2012) [38) *
Steinbrecher et al (Il) (2012) [38) -
Groentved et al (1) (2014) [35) -
-
>
4
1
|

Grontved et al (1) 12014) [35]
Ding et al (2015) [42)
Subtotal (/*=92.7%, p<0.001)

Total PA

Burchfiel et al (1993&58] .

Nakanishi et al (2004) [57] -
.
.

Ekelund et al (1) (2012) [39]
Ekelund et al (Il) (2012) [39)
Fan et al (2014) [59]
Subtotal (/*=85.6%, p<0.001)

Overall (1%293.5%, p<0.001)
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IxeTKol kivbuvol yla
2A ava 10 MET h/wk
LTPA: Leisure-time PA

Smith A et al, 2016



Quokn dpaoctnpLotnTa

A0CO-£€QPTWEVN CUCYETLON
a-d: Sladopetikad oevapla 6cov adopa
to. MET h/wk avadopdc kat tn dtapkela

¢ KaBe ouvedpliog

a b c d
LTPA MET hweek RA 95% ClI RR 95% CI RR 95% Cl RR 25% ClI
225 0.83 (092, 0.95) 0.92  (0.80,0.84) 0.82 (090, 0.94) 0.88 (0.85,0.82)
450 087  (0.84, 0.90) 0.85 (0.82, 0.89) 0B85 (0.82, 0.89) 082 (0.77,0.87)
10.00 076 (0.71, 0.81) 0.73 (0.67,0.80) 073 (0.67,0.79) 068 (0.60,0.78)
11.25 074  (0.89, 0.80) 0.72 (0.85,0.79) 071 (085, 0.77) 0.67 (0.58,0.75)
22.50 064 (0.56, 0.73) 061 (052, 0.71) 061 (052, 0.70) 055 (0.45,067
30.00 060 (0.51, 0.70) 0.58 (0.48,0.89) 0.57 (0.47,0.68) 052 (0.41,0.65)
60.00 047  (0.34, 0.65) 0.45 (0.31, 0.68) 044  (0.31, 0.63) 0.39  (0.26,0.60)

Smith A et al, 2016



Analysis 2.8. Comparison 2 Diet plus physical activity versus comparator, Outcome 8 Incidence of type 2 diabetes.

Study or subgroup Diet + physi- Comparator Risk Ratio Weight Risk Ratio
cal activity
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

DaQing 1397 33/72 51/76 e 16.37% 0.68[0.51,0.92]
DPP 2002 155/1079 313/1082 s 4 39.03% 0.5[0.42,0.53]
DPS 2001 27/265 59/257 —— 8.6% 0.44[0.29,0.68]
EDIPS 2009 7/51 13/51 —— 2.31% 0.54[0.23,1.24]
HELP PD 2011 4/151 11/150 ——— 1.29% 036[0.12,1.11]
IDPP 2006 47/120 73/133 - 19.13% 0.71[0.54,0.94]
JOPP 2013 9/103 18/110 —— 2.82% 0.53[0.25,1.13]
Kosaka 2005 3/102 32/356 —— 1.2% 0.33[0.1,1.05]
Oldroyd 2005 7/37 8/32 ——— 2% 0.76[0.31,1.86]
PODOSA 2014 12/81 17/82 ——t— 3.52% 0.71[0.36,1.4]
SLIM 2003 11/61 19/60 —— 3.74% 0.57[0.3,1.09]
Total (95% Cl1) 2122 2389 ¢ 100% 0.57[0.5,0.64]

Total events: 315 (Diet + physical activity), 614 (Comparator]
Heterogeneity: Tau’=0; Chi*=10.65, df=10(P=0.39); I’=6.11%
Test for overall effect: Z=8.7(P<0.0001)

Quowkn dpaotnpLotnta & Atatta

Diet + physical activity 01 o2 s 2 B 5w Comparator

Hemmingsen B et al, Cochrane Database of Systematic Reviews, 2017



Analysis 2.18. Comparison 2 Diet plus physical activity versus comparator, Outcome 18 Fasting plasma glucose.

Study or subgroup Diet + phys- Comparator Mean Difference Weight Mean Difference
ical activity

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
DaQing 1997 T2 7.2(27) 6 76(2.6) + 1.49% -0.44[-1.3,0.42]
DPP 2002 315 5.9(0.8) 935 6.2(1.1) - 21.29% -0.3[-0.39,-0.21]
DPS 2001 231 o{o.m 203 0.1(0.7) - 18.068% -0.1[-0.23,0.03]
EDIPS 2009 28 5.6(0.7) 28 5.4 (0.8) - 5.75% 0.2[-0.19,0.59]
HELP PD 2011 127 5.7(0.6) 134 6(0.7) - 16.17% -0.3(-0.46,-0.14]
IDPP 2006 108 6.1(1.4) 124 6.5 (1L.B) —_— 5.35% -0.4[-0.81,0.01]
JOPF 2013 103 6 (0.8) 110 6(0.9) — 11.72% 0[-0.23,0.23]
Oldroyd 2005 30 0.3(0.8) 24 0.1(1) B a— 4.1% 0.13[-0.36,0.62]
PODOSA 2014 84 5.9(0.8) B3 6(1) T 9.36% -0.13[-0.41,0.15]
SLIM 2003 57 6.3(1.1) 58 6.5(0.9) I 6.71% -0.18[-0.54,0.18]
Total*** 1755 1775 < 100% -0.17[-0.27,-0.06]

Heterogeneity: Tau?=0.01; Chi*=18.7, di=3{P=0.03); I’=51.86%
Test for overall effect: 2=3.02(P=0)

Quowkn dpaotnpLotnta & Atatta

Diet = physical activity -1 05 0 0S5 1 Comparator

Hemmingsen B et al, Cochrane Database of Systematic Reviews, 2017



KamvioTikeEG ouvnBOeLeg

* Y{YnAotepocg kivbuvoc epdaviong ZA os evepyntikoU¢ & maBnTkoUg KOMVLIOTEC
o€ OUYKPLON UE UN-KOTIVLOTEG

* Meta-avaAvon npoormtikwyv peAetwyv: RR=1,6 Bapeic | RR=1,3 eAadpseic
KarvioteG | RR=1,2 mpwnv KATVIOTEC

Kolb & Martin, 2017



RESEARCH ARTICLE

Tobacco Use, Insulin Resistance, and Risk of
Type 2 Diabetes: Results from the Multi-

Ethnic Study of Atherosclerosis

Rachel J. Keith"***, Mahmoud Al Rifai’*, Christopher Carruba®, Natasha De Jarnett'?,
John W. McEvoy®, Aruni Bhatnagar'*~, Michael J. Blaha>*, Andrew P. Defilippis"*>*

5931 atopa Stadpopwv BVIKOTATWY
Ix€on karmvou — napouaiag mpodiapnitn

Ixéon kamvou — Entintwon ZA

Table 6. Odds Ratios (95%) for the association of tobacco exposure and baseline prediabetes.

Unadjusted Model 1 Model 2
Cigarette
Never 1 (reference) 1 (reference) 1 (reference)
Former 1.05 (0.90,1.22) 0.90 (0.75,1.07) 0.88 (0.72,1.08)
Current 0.91 (0.73,1.14) 0.86 (0.67,1.11) 1.02 (0.76,1.36)
Cigar
Never 1 (reference) 1 (reference) 1 (reference)
Former 1.54 (1.11,2.14) 1.51 (1.02,2.21) 1.30 (0.86,1.98)
Current 1.88 (0.88,4.00) 2.16 (0.93,5.01) 1.91 (0.76,4.77)
Pipe
Never 1 (reference) 1 (reference) 1 (reference)
Former 1.10 (0.83,1.46) 1.05 (0.76,1.46) 0.91 (0.63,1.32)
Current 1.85 (0.73,4.67) 2.05(0.71,5.91) 2.04 (0.62,6.70)
Smokeless
Never 1 (reference) 1 (reference) 1 (reference)
Former 1.47 (0.77,2.79) 1.28 (0.58,2.77) 0.92 (0.35,2.45)
Current 1.84 (0.50,6.80) 1.41 (0.31,6.47) 0.50 (0.04,5.66)

Keith RJ etal, 2016



Tobacco Use, Insulin Resistance, and Risk of
Type 2 Diabetes: Results from the Multi-
Ethnic Study of Atherosclerosis

Rachel J. Keith"***, Mahmoud Al Rifai’*, Christopher Carruba®, Natasha De Jarnett'?,
John W. McEvoy*, Aruni Bhatnagar'*?, Michael J. Blaha®*, Andrew P. Defilippis"*>*

Table 7. Hazard ratios (95% CI) for the association of tobacco exposure and incident diabetes.

Asv mapatnpnbnke KAMOLO OTATLOTIKA
onUavtikn aveédptntn oxeon.

N events Unadjusted Model 1 Model 2
Cigarette
Never 154 1 (reference) 1 (reference) 1 (reference)
Former 160 1.35 (1.08,1.68) 1.20 (0.95,1.51) 1.02 (0.77,1.37)
Current 45 1.07 (0.77,1.49) 1.04 (0.74,1.48) 0.86 (0.55,1.34)
Cigar
Never 331 1 (reference) 1 (reference) 1 (reference)
Former 24 1.74 (1.13,2.69) 1.51 (0.96,2.39) 1.58 (0.85,2.94)
Current 4 0.92 (0.23,3.68) 0.89 (0.22,3.61) 1.90(0.39,9.11)
Pipe
Never 321 1 (reference) 1 (reference) 1 (reference)
Former 36 1.46 (1.02,2.10) 1.43(0.97,2.12) 1.36 (0.83,2.25)
Current 2 0.69 (0.10,4.91) 0.63 (0.09,4.49) 1.10(0.14,8.88)
Smokeless tobacco
Never 343 1 (reference) 1 (reference) 1 (reference)
Former 12 3.38 (1.85,6.16) 3.18(1.72,5.86) 2.19(0.83,5.76)
Current 4 3.09 (0.77,12.41) 2.75 (0.68,11.10) -

Keith RJ et al, 2016



RESEARCH ARTICLE

Tobacco Use, Insulin Resistance, and Risk of
Type 2 Diabetes: Results from the Multi-
Ethnic Study of Atherosclerosis

Rachel J. Keith"***, Mahmoud Al Rifai’*, Christopher Carruba®, Natasha De Jarnett'?,
John W. McEvoy*, Aruni Bhatnagar'*?, Michael J. Blaha®*, Andrew P. Defilippis"*>*

Table 4. Beta coefficients (95% CI) for the cross-sectional association of dose and intensity of tobacco exposure and levels of insulin resistance

biomarkers.
Dose of tobacco exposure Intensity of tobacco exposure
Unadjusted Model 1 Model 2 Unadjusted Model 1 Model 2
Cigarette
Glucose, mg/dL 3.49 (1.01,5.97) 2.60 (0.10,5.11) 1.93 (-0.43,4.29) 3,52 (-0.26,7.31) 3.75(-0.11,7.61) 2.52 (-1.10,6.14)
Insulin, mUL 0.03 (-0.03,0.10) 0.08 (0.01,0.14) 0.02 (-0.03,0.07) 0.05 (-0.0,0.15) 0.12(0.02,0.22) 0.005 (-0.079,0.084)
HOMA-IR, % 0.07 (-0.04,0.14) 0.10 (0.03,0.17) 0.04 (-0.02,0.10) 0.09 (-0.02,0.20) 0.16 (0.05,0.27) 0.02 (-0.07,0.12)
Cigar
Glucose, mg/dL 2.78 (0.06,5.50) 1.25 (-1.44 3.95) 1.08 (-1.43,3.60) 99.96 56.04 34.67
(30.32,169.59) (-13.62,125.70) (-30.84,100.17)
Insulin, mU/L 0.04 (0.03,0.11)  0.06(-0.01,0.13) 0%:13% %_B) 2.43 (0.68,4.17) 3.21(1.44,4.96) 1.31 (-0.15,2.80)
HOMA-IR, % 0.07 (0.01,0.15) 0.076 0.04 (-0.03,0.10) 3.48 (1.48,5.48) 3.82(1.81,5.83) 1.69 (0.02,3.36)
(-0.002,0.153)
Pipe
Glucose, mg/dL 0.06 (-1.402.58) -0.44(-2.43,1.55) -0.41(-2.36,1.54) 3.43(-14.77,8.33) 1.08 (-48.93,51.10) -11.02 (-58.64,36.59)
Insulin, mU/L 0.03 (0.02,0.08) 0.06 (0.01,0.11) 0.04 (-0.01,0.08) 1.59 (0.36,2.82) 2.60(1.33,3.86) 1.060 (0.006,2.212)
HOMA-IR, % 0.04 (-0.02,0.10) 0.059 (0.002,0.117) 0.03 (-0.02,0.08) 1.98 (0.57,3.38) 2,66 (1.22,4.10) 0.96 (-0.25,2.18)
Smokeless
tobacco
Glucose, mg/dL 1.15 (-3.69,5.99) 1.22 (-3.54,5.97) 1.13(-3.63,5.89) 9.81(-66.5586.16) 17.33(-57.58,92.25) 14.97(-57.44,87.39)
Insulin, mW/L 0.01 0.002 -0.05 (-0.15,0.06) -0.33 (-2.24,1.58) <0.19 (-2.07,1.70) -0.26 (-1.88,1.36)
(-0.13,0.11) (-0.118,0.122)
HOMA-IR, % 0.01 (-0.13,0.15)  0.02 (-0.12,0.16) -0.03 (-0.15,0.09) -0.15 (-2.34,2.04) 0.08 (-2.08,2.22) -0.02 (-1.86,1.82)

Keith RJ et al, 2016



2uvnBeLeg Umvou

AwapkeLla Yrivou
e 7-8 wpec UTVOU NUEPNOCLWE =2 XxapnAotepoc Kivouvog ZA
e AU&non kwduvou katd 9% yla KaBe peiwon dtdpkelog uTvou Katd 1 wpa
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Figure 3. Pathways to Type 2 Diabetes Implicated by ldentified Common Variant Associations.

Type 2 diabetes results when pancreatic beta cells are unable to secrete sufficient insulin to maintain normoglycemia,
typically in the context of increasing peripheral insulin resistance. The beta-cell abnormalities fundamental to type 2
diabetes are thought to include both reduced beta-cell mass and disruptions of beta-cell function. Insulin resistance
can be the consequence of obesity or of ocbesity-independent abnormalities in the responses of muscle, fat, or liver
to insulin. Examples of susceptibility variants that, given current evidence, are likely to influence predisposition to
type 2 diabetes by means of each of these mechanisms are shown.
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> Nat Genet. 2006 Mar;38(3):320-3. doi: 10.1038/ng1732. Epub 2006 Jan 15.

Variant of transcription factor 7-like 2 (TCF7L2) gen:

confers risk of type 2 diabetes

Struan F A Grant 1, Gudmar Thorleifsson, Inga Reynisdottir, Rafn Benediktsson, Andrei

Manolescu, Jesus Sainz, Agnar Helgason, Hreinn Stefansson, Valur Emilsson, Anna

Helgadottir, Unnur Styrkarsdottir, Kristinn P Magnusson, G Bragi Walters, Ebba

Palsdottir, Thorbjorg Jonsdottir, Thorunn Gudmundsdottir, Arnaldur Gylfason, Jona

Saemundsdottir, Robert L Wilensky, Muredach P Reilly, Daniel J Rader, Yu Bagger, Claus
Christiansen, Vilmundur Gudnason, Gunnar Sigurdsson, Unnur Thorsteinsdottir, Jeffrey R

Gulcher, Augustine Kong, Kari Stefansson

Shown is the allele frequency in affected individuals and controls and the corresponding association of DG10S478 to
type 2 diabetes, together with the number () of subjects {individuals with type 2 diabetes/controls), the haplotype
relative risk (RR) and £ values.
2Allelic frequencies, rather than carrier frequencies, are presented in the table. YRR calculated assuming a multiplicative model;
95% confidence interval indicated for RR of composite allele X. “Two-sided P values calculated for each allele using a likelihood
ratio test statistic with adjustment for the relatedness of Icelandic individuals with type 2 diabetes (Supplementary Methods).
9Frequency and association for all the alleles of DG10S478 in the Icelandic, Danish and US cohorts are shown separately.
Frequency and association for the composite at-risk allele X (nonzero alleles) of DG10S478 in all three cohorts and in the
cohorts combined using a Mantel-Haenszel model*!

Affected Control |
Allele frequency? frequency? RRP Two sided P° .
Al alleles of DG10S478¢ !
Iceland (1,185/931) 4 0.636 0.724 0.67 2.1 x 1072 ¢
4 0.005 0.002 2.36 0.12 ‘
8 0.093 0.078 1.21 0.090 ¢
] 12 0.242 0.178 1.48 4.6 x 1077 ‘
3 16 0.022 0.015 1.563 0.076 ]
S 20 0.001 0.003 0.39 0.17 ¢
=
g Denmark (228/539) 4] 0.669 0.740 0.71 0.0048 ‘
§ 4 0.002 0.004 0.59 0.62 ¢
E 8 0.070 0.048 1.49 0.091 .
S 0.239 0.190 1.34 0.032 !
° 0.020 0.018 112 0.78 ¢
] ,
E USA (361/530) -4 0.001 0.000 - - ]
: 4] 0.615 0.747 0.54 3.3 x 1072 1
g 4 0.003 0.004 0.73 0.72 .
TET_ 8 0.085 0.049 1.79 0.0029 :
E 12 0.256 0.180 1.57 1.2 x 10~ R
16, 0.040 0.020 207 0012
Allele X of DG10S478°
Iceland (1,185/931) X 0.364 0.276 1.50[1.31, 1.71] 2.1 x 10-9
Denmark (228/539) X 0.331 0.260 1.4111.11, 1.79) 0.0048
o USA(361/530) X 0.385 0.253 1.85[1.51, 2.27] 3.3 x 109
= Combined X - - 1.56[1.41, 1.73) 4.7 x 10718
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Genotype relative risk (GRR)?

Cohort 00 0X [95% c.i.] XX [95% c.i.] PAR
Iceland 1 1.4111.17,1.70] 2.27 11.70, 3.04] 0.21
Denmark 1 1.37 [0.98,1.90] 1.92 [1.13, 3.26] 0.17
USA 1 1.64[1.23, 2.19] 3.29[2.13, 5.07] 0.28
Combined 1 1.4511.26, 1.67] 2.41 [1.94, 3.00] 0.21

3Risk for heterozygous carriers (OX) and homozygous carriers (XX) compared with risk for non-

cartiers (00). c.i.,

confidence interval. PAR, population attributable risk.
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Fine-mapping of an expanded set of type 2 diabetes loci to single-variant
resolution using high-density imputation and islet-specific epigenome maps
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New genetic loci implicated in fasting glucose homeostasis and

their impact on type 2 diabetes risk

13 14 15 16 17 18 19 20 21 22 223

NE€oL yeveTikol TOTOL & YEVETIKO OKOP TIOU
au&avel Tnv mbavotnta epdaviong 2A2.

54

53

52

5.1
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A Polygenic Lipodystrophy Genetic
Risk Score Characterizes Risk
Independent of BMI in the Diabetes
Prevention Program
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Shylaja Srinivasan,’ Kathleen A. Jablonski,” William C. Knowler,"

Samuel Dagogo-Jack,' Steven E. Kahn,® Edward J. Boyko," George A. Bray,”
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for the Diabetes Prevention Program Research Group
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Amnoduotpodia — avefaptnta

Table 1. Effect Sizes for Fasting Insulin Along With Frequencies of Genetic Variants in Published Reports from MAGIC and in the DPP Participants

Frequency of High-Risk Alleles in DPP (%)

Asian/ Pacific ~ American

Overall Caucasian  Black  Hispanic  Islanders Indian
B Estimates for nFI  Risk Allele Frequency ———— ——— ——— ———— ——————

Gene SNP (WU/mL) in MAGIC in MAGIC (%) N=2713 N=1508 N=554 N=458 N =120 N=18
IRSI 152943634 0027 66 67 68 45 77 92 92
COBLL1/GRB14 rs7607980 0.027 88 88 87 85 90 98 97
ARLI15 rs4865796 0.011 67 74 70 7% 82 81 94
FAMIZA 153822072 0013 48 49 49 53 42 54 40
LYPLALI rs2785980 0015 67 70 67 84 53 7 44
PEPD 15731839 0014 34 34 34 39 40 58 47
PDGFC rs4691380 0017 67 59 66 29 61 64 7
RSPO3 52745353 0011 39 35 50 63 56 60 66
PPARG 1518001282 0022 87 91 90 98 91 90 81
TET2 59884482 0012 39 35 38 1 45 58 40
ANKRDS55 15459193 0013 73 0 5 58 73 53 4

Abbreviation: FI, fasting insulin.

Table 4. Association of the GRS with Change in Traits at 1 Year

Year 1-Baseline Sample Size (n) B Estimate per Allele SE P
Weight, kg* 2568 0.1234 0.0529 0.020
BMI, kg/m* 2568 0.0461 0.0190 0.015
Waist circumference, cm* 2568 0.0754 0.0593 0.204
FI, pU/mL, In 2568 0.0130 0.0043 0.002
Fasting glucose, mg/dL, In* 2568 0.0003 0.0009 0.722
18I, In® 2506 —0.0136 0.0047 0.004
Syetolioblood=p He 2568 00874 PO i
Diastolic blood pressure, mm Hg 2568 0.0277 0.0740 0.708
HDL-cholesterol, mg/dL 2559 0.0043 0.0591 0.942 |
LDL-cholesterol, mg/dL 2559 0.0087 0.2033 0.974
Triglycerides, mg/dL, In + 2559 0.0047 0.0033 0.154
ALT, UL, In+ 1857 0.0801 0.1211 0.509
Visceral adipose tissue, cm?, L4-5 618 —0.0006 0.0017 0.721
Subcutaneous adipose tissue, cm?, L4-5 618 0.4760 1.0300 0.644

All measures adjusted for baseline value, age at randomization, sex and self-reported race/ethnicity, waist
circumference and treatment group except where indicated.

Abbreviation: FI, fasting insulin.

“Adjusted for age at randomization, sex, and race/ethnicity

®In (Year 1 measurement) - In (Baseline measurement)
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T2D susceptibility loci achieving genome-wide significance (combined meta-analysis P < 5x1078) for the first time in European descent populations

Alleles® Stage 1 meta-analysis: up to | Stage 2 met: upto| Ci i t: up to
Position Risk allele 12,171 cases and 56,862 22,669 cases and 58,119 34,840 cases and 114,981 controls
Sk C (Build 36) fmqnenq—b Nearby gene controls controls
Risk | Other OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
New loci not previously reported in any population
1s12571751 | 10 | 80,612,637 | A G 0.52 1.09 (1.06-1.13) 7A0><10_7 1.07 (1.04-1.10) l.5><10_6 1.08 (1.05-1.10) LOXIO_IO
15516946 | 8 | 41,638405 | C | T 0.76 110 (1.06-1.15) | 2.1x10 | 108 (1.05-1.12) | 1.1x10 8| 1.09(1.06-1.12) | 2.5x10° 10
10842994 | 12 | 27856417 | C | T 0.80 109 (1.04-1.13) | 3.0x10 ¥ | 110 (1.07-1.14) | 2810 8 | 1.10(1.06-1.13) | 6.1x10 0
12796441 | 9 | 83498768 | G | A 0.57 107 (1.03-1.12) | 48x10 * | 1.07(1.04-1.10) | 33x10 7 | 1.07(1.05-1.10) | 5.4x10°
15459193 5 | 55842508 | G | A 0.70 105 (1.01-1.10) | 2.7x10 2 | 1.10(1.06-1.13) | 2.0x10 2 | 1.08 (1.05-1.11) | 6.0x10 °
1510401969 | 19 | 19268718 | C | T 0.08 113 (105-121) | 92x10* | 114 (1.08-120) | 201077 | 1.13(1.09-1.18) | 7.0x107°
1512970134 | 18 | 56,035,730 | A G 0.27 1.08 (1.03-1.12) 2,3’<llf4 1.08 (1.05-1.11) 2.0><1076 1.08 (1.05-1.11) 1.2)<1078
157202877 16 | 73,804,746 | T G 0.89 1.15 (1.07-1.23) 5.0><l()_5 1.10 (1.05-1.15) l.9><10~5 1.12 (1.07-1.16) 3.5"10“8
Loci not previously reported in European descent popul
7177055 | 15 | 75619817 | A | G 0.68 HMG204 P1.08(1.04-1.12) | 12x10° % | 1.08 (1.05-1.11) | 88x107 | 1.08 (1.05-1.10) | 4.6x10 °
rs13389219 | 2 [165237,022| C | T 0.60 GrRBI4  [§1.05(1.01-1.09) | 13x10 2 | 1.09 (1.06-1.12) | 9510 7 | 1.07(1.05-1.10) | 1.0x10 8
T2D susceptibility loci with sex-differentiated evidence of association
Alleles® Male meta-analysis: up | Female met: i S meta-
to up to analysis: up to
. Position Risk allele | Nearby | 20,219 cases and 54,604 | 14,621 cases and 60,377 34,840 cases and 114,981
SN i (Build 36) fmquencyh gene controls controls controls
}‘k\w OR (95% P-value | OR (95% CI) | P-value | Association | Heterogeneity
Cn P-value P-value
New loci i thron( i it Jineta-analysis achieving genome-wide significance (P < 5x10 —8)
511063069 | 12 | 4244634\ G 021 112108 | 1.1x10 7 | 1.04(1.00- |3.6x102| 9.8x10710 1.3x10 2
\/ 1.16) 1.09)
158108269 | 19 | 50,850,353 | G T 0.31 Gr 105 02— | 37x103 | 110006~ |22%10 7| 21x108 5.7x10 2
I 1.08) 1.14)
Other loci with nominally significant evidence (P < 0.05‘){ heterogen in allelic odds ratios between sexes
;5163184 | 11 | 2,803,645 | G | T 050 B | xkevor M1z oo- [85x1075] 105@01- [7.8x103] 24x10° 10 13%10 2
1.16) 1.08)
517168486 | 7 | 14,864,807 | T | C 0.19 DGk M1.15(111- | 6.5x10 3| 106 (1.02- |52x10 3| 12¢10 13 6.8x10 >
1.19) 1.11)
153923113 2 |165,210,095| A C 0.63 GRBI4 1.05 (1.01- 4.9><1073 1.11 (1.08— 1A8><10ﬁ9 2.6X10ﬁw 8.0*10*3
1.08) 1.15)
15243088 2 | 60422249 | T A 0.45 BeLiia 110 1.06- | 65x10 19 104 (100 |2.8x1072| 47x107 10 12x10 2
1.13) 1.07)

-N£ot yevetikol tomot tou oxetilovral pe A2 og Eupwrnaikd mAnbuoud

~logsc(p-value)

~logso(p-value)

- Henidpaon tou ¢puAou
- >1 avefaptnta oRupata

DGKB CDKN2A/B
1517168486 a00 o 1510811661
10 - fa 25 ;

(qWIWP) B1e! uoneuIqWoosY
~log1o(p-value)

T - —aguo_, [ e —ogoa owpi—
—ueoxe < enaze a1 Coortza— P~
14 14, 15 15.5 215 22 225 23
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Interactions of Dietary Whole-Grain Intake
W ith Fusiin? Glucose- and Insvlin-Related

Genetic Loci in Individuals of European
Descent

A meta-analysis of 14 cohort studies

Tahble 2—Meta-analyzed asseciation berween daily whole-grain intake and fasting glucose and fasting insulin in 14 cohorts

Regression coeffiicient (B [95% C1] Fegression coethcient (B [95% CI]
mpresenting expected change in Tepresenting expected change in
fazting glucosze [mmoldl] per fazting insulin [{In}pmold] per
one-daily -serring—greater one-daily-serving—greater
n whole-grain intakee) F mi whole-grain intale) F

todel 1: age, sex energy intalke,
feld center, or population
stTcture * 48 723 — 0019 (40022 o —0.015] =Z0.0301 34201 —i0.021 §—0025 bo — 0017 =TI 0]

Plodel 2: model 1 + education
lewel, physical actvity. alcohaol
intake, and sm-:-l-ung statust 48,207 — 013 (0017 o — 00100 = 0.0001 34,108 —0.022 B—0026E e — 0017 = 00 ]

Podel 3: model 2 + red or
processed meat, fish,
vegetables, fruit, coffes, muts,

and sceds¥# 465,985 —i0012 (0016 o —O.00R] = 0.00301 33,993 —i0.016 §—0.021 bo — 00110 <0001
Podel 4 model 2 + BMIE 465,928 —i0.009 (0013 o —0.005] =2 0.0001 33 937 —i0.011 B—0315 to — 00071 Q0003
*Energy inkake was not estimnated in the Age, Gefpe/Ervironmentffusceptibality-Reylgavik Study cohort. Field -:ETFT s an'l?:led @z o covariate in the Health, Aging,
and Eody Composition Study; the Cardiovascid the Arheroscletosis Risk in Cormmunities Study, amiy Heart Study, and the Invecchaare in

Chiant (Aging 10 the Chaanti Area) Study. Principal components were used o adjpast for popularion straciture in the Framangham Heart Study and the Farmaly Heart
Study. TEducation Level amd physical acoviny were dehned uraquely by cohort. Smmoking status was chatacterized as current. bormer, ernever in 12 ochorts and as
current or not current in 3 cohorts (Framingharn Heart Study; Age, Gens/Environment Susceptibility-Beylgavik Smdy: Uppsala Lomgimdinal Study of Adolt 3Menl
Educarion level, smoking skatus, ared aloohol intake were oot adjusted 1o the Gene-Diet Attica Investigation on Childhood Obesicy cohort (Afth and sixth graders).
FMost cobores inchaded each of dhetary covanates listed in the mble as servings per day or grams per day; exceptons are noted m the online supplement. SBMI was
model=d as a conmGouous variable m all cohores (kgim™).

DaseTEs CaRE, voLusE 33, nusBeer 12, DeEcEMeeR 2010



Table 3—Metag-analvred interactions between daily whoele-grain intake and genotvpe for select SWPs for fasting glucose and fasting insulin in
14 cohorts™

Regression coefhicient for

Clacose- or interaction berereen daily P (o5%
insulin-raising ErVIngGs cd' whole grains = SHF uncertainty
allelesocher Mumber of for fasting glucose {mmol/1) intervall)
SEF Mearest gene allzl= cohorts n B SE E (oG
Glacose-pelated SMP
34087 PROXN] T 13 43,527 —0.0011 U TN 071 O 0=570
rE7E054 [ T 14 48,303 LA s (] QO 0.1z Q (0-55)
TESa0EaT a2 T 13 435,488 et LT | LU T el nas QO 0=570
r=11708067 ADCYS AN 13 43,555 Q00329 Q03 E 0.28 24 {0—610
=1 1592000 SLCZAZ TrA 13 45,451 Q020G LU o .89 QO 0-570
r=2191349 DG RBE TMEMISS ThS 13 43,561 — 00044 Q0029 0.1z Q=570
r=a0T51T TR A5 14 48,323 0. 0002 (U e A nas Q (0-55)
r=11558471 SLC30AE B 1 40, 7TTE — 0 00T [AURAIRET | 0584 O (0—520
7034200 oLis3 AT 13 43,362 Q.0015 Q0029 .60 Q=570
r=10RE5122 ADRAZTA ST 13 43,391 0. 00E2 LUl o o0& QO 0-570
r=450a565 TCFTL2 TrA 1z 45,911 0. 0004 U ETR] 088 51 (6—75]
r=11&055924 CRIYZ AT 13 45,567 — 0001 Q002 S n5a O 0=-57
TETS4+4554 MADD AT 13 45,361 Q0049 [ o .14 QO 0-570
=1 74550 FADS1 TAC 14 48,162 —0.00Z27 Q.00 0.34 32 (-6
r=10B20963 MTMRIB ST 13 43,433 00028 (U e A 042 32 (0—a5]
r=1107 1657 2 OB AU 13 42,500 00035 (RN} 0zs QO 0-570
Regression coefficient for
interaction berereen daily
servings of whele grains = SHFP
Insulin-related SMF for fasting insulin [(Inipmolid]
I TE a5 [ T 14 A5, 784 00031 L3 [l 1 (0340
¥ TrET = T3 a3 L ) e T . O (0=57)

*Regression coelficient for inmtetaction between daily servings of whole grains = SMNFP for fasimg glucose (mmolA) and Basting insulm [(Inlpmold], adpsted bor age.
sex, energy intmbke {not in the Age, GeneFrvironment Susceptibilicy-Reykjavik Stady), and held center (Health, Aging, and Body Compositom Study; the
Cardicvascular Health Study; the Atherosclercsis Risk i0 Commmunities Stady; and the Invecchiare in Chaanti [Aging in the Chiamt Area] Soody) and population
structare by principal components in the Framingham Heatt Study and the Family Heatt Stady.
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Several type 2 diabetes-associated variants in genes annotated to WNT
signaling interact with dietary fiber in relation to incidence of type 2
diabetes

George HindyA,IZI Inés G. Mollet, Gull Rukh, Ulrika Ericson, and Marju Orho-Melander

HR of incident type 2 diabetes by genotype and quintiles of fiber intake

Genotype
XX XR? RR HR per R allele P trcnd'J Pinteraction

TCF7L2 157903146

Q1 1.16(0.98-139) 1.58 (1.32-1.89) 1.56 (1.14-2.15) 124 (1.09-1.40) 0.001  0.034

Q2 1.13(0.95-1.35) 1.52(1.27-1.82) 1.92(1.43-2.60) 1.26(1.11-1.42) 0.0002

Q3 1.15(0.97-137) 1.62(136-1.93) 2.10(1.60-2.77) 137(1.22-1.55) 1x10° "

Q4 102 (0.85-122) 135 (1.12-1.62) 193 (1.48-2.58) 131 (1.15-1.49) 5x107°

Qs 1 (ref) 170 (1.42-2.03) 2,00 (1.49-2.70) 147 (1.30-1.66) 2x10°°

HRper Q 0.97 (0.93-1.01) 0.9 (0.95-1.03) 1.05 (0.95-1.15)

Pirend® 0.19 0.64 037
TCF7L2 1512255372

Q! 122(1.03-1.45) 1.44(1.20-1.73) 1.27(0.90-1.78) 1.08 (0.95-1.22) 0.26 0.005

Q2 1.16 (0.98-1.38) 1.32(1.10-1.58) 1.74(1.31-2.32) 1.16(1.02-1.31) 0.02

Q3 1.07(0.90-128) 1.53(1.29-1.82) 189 (1.44-2.47) 136(1.21-1.53) 3x107

Q4 1.02 (0.86-122) 1.27(1.05-1.52) 1.68(1.25-2.26) 123 (1.08-1.40) 0.002

Qs 1 (ref) 141 (118-1.68) 1.9 (1.48-2.67) 140 (1.23-1.59) 4x107"

HR per Q 0.96 (0.92-1.00) 098 (0.94-1.02) 1.05 (0.96-1.16)
Poend 0.060 0.37 028

NOTCH2 1510923931

ZBED3 154457053

Ql
(o))
Q3

Q5
HR per Q

P trend

Ql

Q2

Q3

Q4

Q5

HR per Q
P trend

-MeAEtn 8 yovidiwv wg Tpog primary &
secondary outcomes.
-Mapatnpnbnkav oTtaTLOTLKA
ONUAVTIKEG aAAnAemibpdoelg petafl
moAupopdlopwy Twv 3 yoviSiwv Kat
™E MPOoANP NG SLALTNTIKWY LVWV.

1.00 (0.87-1.14) 1.14(092-142)
1.00 (0.88-1.14) 1.04 (0.85-1.28)
1,03 (0.91-1.18) 1.10(0.90-1.35)
097 (0.85-1.11) 0.70 (0.55-0.90)
1 (ref) 1.00 (0.80-1.25)
1,00 (0.97-1.03) 093 (0.87-0.996)

0.89 0.038

0.96 (0.81-1.13) 1

0.96 (0.81-1.12) 1.00(0.84-1.20
04 (0.89-1.21) 1.04 (0.88-1.24
(

(0.86-1.23
(
(
093 (0.79-1.09) 0.93 (0.78-1.12
(
(

) 103
) 1.00
)

) 0.93
1 (ref) 098 (0.82-1.17

1.01(0.97-1.05) 0.98 (0.94-1.03
0.69 0.40

)
)
)
)
)
)

1.66(0.86-3.23) 112(093-134) 024 0017
0.76 (0.28-2.04) 1.06 (0.88-1.28) 051

1,05 (0.47-234) 108 (0.90-1.30) 0.41

0.75 (0.28-2.00) 0.75 (0.60-0.95) 0.015

025 (0.04-1.80) 0.93 (0.75-1.15) 0.50

0.63 (0.44-0.90)

0010

151 (1.14-201) 116(1.02-131) 006 0002
04 (0.74-1.46) 1.03(0.90-1.17) 0.36

085 (0.59-1.22) 0.99 (0.87-1.12) 097

0.67(0.46-0.99) 0.95 (0.83-1.10) 055

0.72(0.50-1.04) 0.94 (0.81-1.07) 025

085 (0.76-0.95)

0.003




Higher Magnesium Intake Is Associated with
Lower Fasting Glucose and Insulin, with No
Evidence of Interaction with Select Genetic
Loci, in a Meta-Analysis of 15 CHARGE
Consortium Studies’™@
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MeTavéAuon 26 TPOOTITIKWY HEAETWV '
avédelfav oxéon 86oNG-amoKpLoNg HETOEL
e pdoAnPng kadé Kot Tou Kvéuvou

eudpaviong ZA2.

v

KaBe avénon tg mpdoAning kadé kat
decaf kadé katd 2 dA.nuépa cuoyetiotnke
He peiwon Tou kvdUvou katd 12% Ko 11%,

avtiotowya.
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JUyKpLon LeEYaAUTEPNG TTPOG UIKPOTEPNG KaThyoplag Weight
year author KatavaAwongkade (95% CI) V)
2002 van Dam[25] —- - 0.50 (0.35,0.72) 1.19
2003 Reunanen[26] | e .92 (0.73,1.16)  2.89
2003 Saremij27] : + 0.81 (0.55,1.03) 1.57
2004 Carlsson[28] — 0.65 (0.44,0.96) 1.02
2004 Rosengren[29] € - > 0.57 (0.26,1.29) 0.24
2004 van Dam[31] - > 0.69(0.31,1.51) 025
2005 Greenberg[32] < X 0.37 (0.22,0.64) 054
2006 Hu[23]) —— 0.61(0.49,0.76) 3.2
2006 Iso[33) - 0.58 (0.37,0.90) 0.78
2006 Paynter{34] T —— 0.91(0.70,1.18) 227
2006 Paynter{34] : —— 0.77 (0.61,0.99) 264
2006 Pereira[35] — 0.79 (0.61,1.02) 234
2006 Smith[36] ¢ l » 0.60 (0.26, 1.40) 0.22
2006 van Dam[37] . ' 0.53 (0.41,0.68) 2.42
2008 Hamer{38] — 0.80 (0.54,1.18) 1.01
2008 Odegaard[39] —— 0.70 (0.53,0.93) 1.96
2009 Fuhrman[40] l¢ 0.75(0.58,0.97) 234
2009 Kato[41] < -+ T 0.40 (0.20,0.78) 0.33
2009 Kato[41] : — 0.82(0.60,1.11) 1.64
2009 van Dieren[S) T —— 0.84 (0.65,1.08) 240
2010 Boggs|6] -:—-0-— 0.83 (0.69,1.01) 4.27
2010 Oba[7] - 0.70 (0.44,1.12) 0.71
2010 Oba[7] ;l 0.69(0.49,0.88) 1.29
2010 Sartorell[8] Tt 0.76 (0.59,0.98) 241
2011  Hijellvik[9) —_—— 0.63 (0.58, 0.69) 20.55
2011 Zhang[10] — » 0.78 (0.44,1.37) 048
2012 Floegel[11] ' 0.77 (0.63,0.94) 3.87
2013 Bhupathiraju[12] — 0.65(0.58,0.73) 11.71
2013 Bhupathiraju[12] - ' 0.65 (0.49, 0.85) 2.04
2013 Doo[13] | —— 0.89 (0.80,0.99) 1365
P —
LV Overall (-squared = 54.2%, p = 0.000) ¢ 0.71 (0.68, 0.74)
D+L Overall Q 0.71 (0.67, 0.76)
T T =3 T
3 4 § 8 1 12

REVIEW

Coffee and caffeine intake and incidence of type 2 diabetes
mellitus: a meta-analysis of prospective studies

Xiubo Jiang - Dongfeng Zhang - Wenjie Jiang
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Investigation of gene—diet interactions in the incretin system and risk of

type 2 diabetes: the EPIC-InterAct study

The InterAct Consortium

PMCID: PMC6518068
PMID: 27623847

Multivariable-adjusted HR (95% CI) for risk of type 2 diabetes per one serving per day increment
of each dietary factor, stratified by incretin-related SNPs, in the EPIC-InterAct study (n = 18,638)

10423928 (1 cgges/n
total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n
total)®

WFSIirs10010131 (n cgses/n

SNP HR (95% CI) P
Interaction
TCF7L2rs12255372 (n cages GG (3,216/8,171) GT (3,520/7,661) TT? (906/1,807)
/1 total)
Whey-containing dairy  1.04 (1.00, 1.08) 0.98 (0.94, 1.02) 1.06 (0.97, 1.15) 0.67
(150 g/day)
Cereal fibre (10 g/day)  0.94 (0.81, 1.09) 1.06 (0.92, 1.23) 1.35(0.97, 1.88) 0.08
Coffee (125 g/day) 0.99 (0.97, 1.02) 0.96 (0.93, 0.98) 0.93 (0.88,0.98) 0.048
Olive oil (10 g/day) (n  0.97 (0.91, 1.04) 0.98 (0.92, 1.04) 0.97 (0.88, 1.08) 0.67
cases 7 total)® (2,546/6,459) (2,919/6,475) (781/1,585)
TCF7L2 157903146 (n ca5es CC (3,197/8,196) CT (3,622/7,896) TT? (977/1,879)
/1 total)
Whey-containing dairy ~ 1.04 (1.00, 1.08) 0.99 (0.95, 1.03) 1.02 (0.94, 1.11) 0.89
(150 g/day)
Cereal fibre (10 g/day)  0.94 (0.81, 1.09) 1.06 (0.92, 1.24) 1.13 (0.83, 1.54) 0.30
Coffee (125 g/day) 0.99 (0.97, 1.01) 0.95 (0.93, 0.98) 0.95 (0.90, 1.00) 0.08
Olive oil (10 g/day) (n  0.98 (0.92, 1.04) 1.00 (0.94, 1.06) 0.90 (0.81, 0.98) 0.90
cases 7 total) (2,539/6,500) (3,002/6,659)

(835/1,630)

total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n

b
sases-Liiqtal)

total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n
cases /1 total)b
KCNQI rs163184 (1 cases /1
total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n
cases /1 total)b
KCNQI 152237892 (7 cases
/n total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n

b
cases /7 total)

TT (4,925/11,548)

1.04 (1.00,1.07)

0.98 (0.87, 1.12)
0.97 (0.95, 0.99)
0.93 (0.8, 0.98)
(3,989/9,439)
GG (2,857/6,392)

1.00 (0.96, 1.04)

1.02 (0.86, 1.20)
0.97 (0.95, 1.00)

0.98 (0.92, 1.04)

(2,378/5,346)
CC (4,647/10,652)

1.03 (0.99, 1.06)

1.04 (0.92, 1.19)
0.98 (0.96, 1.00)
0.99 (0.94, 1.04)
(3,862/8,841)

TT (2,007/4,850)

1.01 (0.96, 1.07)

0.97 (0.80, 1.17)
0.97 (0.94, 1.00)
1.00 (0.93, 1.08)
(1,668/4,025)

CC? (6,148/13,869)

1.01 (0.98, 1.04)

0.99 (0.88, 1.11)
0.98 (0.96, 0.99)

0.95 (0.91, 0.99)
(5,100/11,579)

AT (2,684/6,014)

0.99 (0.95, 1.04)

118 (1.00, 1.40)
0.97 (0.94,0.99)
1.04 (0.97, 1.11)
(2,226/5,003)
AG (3,424/8,095)

1.04 (1.00, 1.08)

0.99 (0.85, 1.14)
0.98 (0.96, 1.00)

0.97 (0.91, 1.03)

(2,783/6,616)
CT (2,605/6,110)

1.01 (0.96, 1.05)

0.93 (0.79, 1.11)
0.95 (0.92, 0.98)
0.95 (0.89, 1.02)
(2,083/4,985)
GT (3,971/9,135)

1.00 (0.97, 1.04)

0.89 (0.77, 1.03)
0.97 (0.95, 0.99)
0.96 (0.91, 1.01)
(3,240/7,551)
CT (701/1,647)

1.09 (1.00, 1.19)

0.97 (0.69, 1.37)
0.97 (0.92, 1.02)

1.17 (0.98, 1.39)
(529/1,250)

AA? (345/784)
1.04 (0.90, 1.22)

0.66 (0.43, 1.01)
0.93 (0.85, 1.02)

138 (1.02, 1.85)
(283/657)

AA (1,185/2,773)
0.99 (0.92, 1.07)

0.81 (0.63, 1.04)
0.94 (0.91,0.98)

0.92 (0.84,1.01)

(935/2,215)
TT? (391/883)

1.09 (0.94, 1.25)

0.64 (0.36, 1.16)
1.03 (0.95, 1.11)

0.97 (0.78, 1.22)
(302/699)

GG? (1,977/4,367)
1.02 (0.97, 1.07)

1.17 (0.98, 1.40)
0.97 (0.93, 1.00)
0.94 (0.87, 1.01)
(1,591/3,529)
TT (20/61)

c

-€13/38)

0.51

0.55
0.92
0.050

0.95

0.72
0.49
0.27

0.77

0.18
0.75
0.56

0.59

0.69
0.22
0.97

0.56

0.81
0.27
0.07



-MapatnprBnke oTaTIOTIKA onuavtiky aAAnAenidpaon tou GRS

pe tnv mpooAnyn 125yp KadE nuepnoiwe.

Multivariable-adjusted HR (95% CI) stratified bylgenetic risk score Lnd p value for the interaction
of each dietary factor with incident type 2 diabetes in the EPIC-InterAct study (n=18,638)

Genetic risk score®

P
0-3 4 5 6 7-10 Interaction
n cases'™ total 642/1710 1188/2890  1684/3780  1509/3331 1147/2326
Whey-containing dairy 0.96 (0.86, 1.09 (1.03, 0.98 (0.93, 1.00 (0.95, 1.03 (0.96, 0.90
(150 g/day) 1.06) 1.16) 1.03) 1.06) 1.10)
Cereal fibre (10 g/day) 0.96 (0.70, 0.84 (0.65, 0.85(0.68, 0.96(0.77, 1.07(0.84, 0.79
1.30) 1.09) 1.05) 1.21) 1.36)
Coffee (125 g/day) 0.99 (0.94, 0.97(0.93, 0.97(0.94, 0.96(0.92, 0.95(0.90, 0.005
1.04) 1.02) 1.00) 0.99) 0.99)
n cases/™ total 489/1304 945/2338 1383/3131 1249/2776  972/1984
Olive oilb (10 g/day) 0.88 (0.75, 098 (0.88, 0.97 (0.88, 0.96 (0.88, 0.98 (0.89, 0.27
1.03) 1.08) 1.06) 1.05) 1.08)
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Gene-diet quality interactions on haemoglobin Alc and type 2 - 14089 Bpetavol (3733 pe Statpodikd dedouéva)
diabetes risk: The Airwave Health Monitoring Study - Anuoupyio GRS and 87 kowvolg SNPs

- EniSpaon ota enineda %HbAlc kat otov kivbuvo
Rebeca Eriksen! | Rachel Gibson®? | Maria Aresu® | Andy Heard® | Queenie Chan® | ElJ.CbC'lVLGT]C SA2

Evangelos Evangelou® | He Gao® | Paul Elliott® | Gary Frost!

TABLE 1 Genetic score association with HbA1c% in the Airwave Health Monitoring Study (n = 14 085)

Model 1° Model 2° Model 3¢
p 95% ClI P-value p 95% CI P-value p 95% Cl P-value
HbA1c (%) 0.03 0.03,0.05 <0.0001 0.03 0.03, 0.05 <0.0001 0.03 0.02,0.04 <0.0001

Abbreviations: Cl, confident interval; g, beta-coefficient.

4Adjusted for body mass index, age and sex.

bAdjusted for waist circumference, age and sex.

€Adjusted for age, sex, body mass index, smoking, physical activity, diabetes diagnosis and glucose lowering medication.

TABLE 2 Risk of prediabetes and type

a £
SoEiii 2 2l il 2 diabetes by per one point (standardized)
Prediabetes® 5253/8820 1.09 1.05,1.13 <0.0001 increase in genetic score, the Airwave
Type 2 diabetes® 516/13 569 1.14 1.04,1.24 0.006 Health Monitoring Study (n = 14 085)

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio.

?Adjusted for age, sex, BMI, smoking, physical activity.

®HbA1c > 5.7 < 6.5% and not on glucose lowering medication or previously diagnosed with
diabetes.

‘HbA1c 26.5% and/or diagnosed with diabetes and/or glucose-lowering medication.
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HbA1c (%)

Interacting variables n ' 95% Cl P\ teraction
Alcohol categories

No alcohol intake 767 Ref 0.6

Within UK allowance® 1670 -0.19 -1.57,1.18

Above UK allowance® 1296 0.34 -1.08,1.76
BMI categories

BMI (18.50-24.99 kg/m?) 1273 Ref 0.03

BMI (25-29.99 kg/m?) 1741 0.11 -0.01, 1.22

BMI (>30 kg/m?) 711 1.88 0.41,3.34

Abbreviations: Beta, beta-coefficient interaction effect; BMI, body mass index; Cl, confident inter-
val; HbA1lc, glycated haemoglobin.

2Beta-coefficient for the estimated difference in HbA1c% per unit increase in genetic risk score
interacting with alcohol or BMI category adjusted for age, gender, smoking, physical activity, (BMI),
(alcohol). Note: alcohol included in BMI model and BMI in alcohol model.

>0 unit and <2 units of alcohol/d.

€>2 units of alcohol/d.
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TABLE 3 The effect of genetic-diet interactions on HbA1c acrosq genetic risk tertiles,fthe Airwave Health Monitoring Study (n = 3733)

GRS tertile 1 GRS tertile 2 GRS tertile 3

Lowest risk Highest risk

n =1085 n = 1485 n=1161
Dietary components A 95% Cl ' 95% Cl Pitaraction
DRV score® Ref -0.01 -0.02,0.003 -0.01 -0.03,0.01 0.15
Carbohydrates (per 10 g) Ref -0.001 -0.01, 0.005 -0.04 -0.01,0.002 0.41
Fibre (per 10 g) Ref -0.02 -0.1,0.1 -0.04 -0.1, -0.004 0.71
Fruit, vegetable (per Ref -0.02 -0.04, -0.01 -0.01 -0.03,0.01 0.12

100g)
| Wholegrains (per 100 g) Ref -0.1 -0.1,0.01 -0.07 -0.1,0.01 0.04

Total fat (per 10 g) Ref 0.005 -0.01,0.02 0.01 -0.01,0.03 0.64
Saturated fat (per 10 g) Ref 0.01 -0.03,0.05 0.006 -0.03,0.05 0.86
Added sugars (per 10 g) Ref -0.002 -0.01, 0.009 -0.006 -0.02,0.01 0.55

Abbreviations: Cl, confident interval; DRV, dietary reference value score; GRS, genetic risk score; P interaction; P-value type Il error; g,
beta-coefficient.

#Estimated effect on HbA1c% per increase in nutrient variable interaction with GRS tertiles adjusted for age, gender, smoking, alcohol, energy intake,
physical activity, BMI, diabetes diagnosis and treatment.

bCoefficients represent per 1 point increase in DRV score.
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- 7098 cuppueteyovreg, 4,8 £tn follow-up
- Nopéppaon yla MedDiet
- CLOCK gene: Kipkadelog puBuog

Table 1 Demographic, clinical, lifestyle and genetic characteristics of the study partl:ipants at baseline accprding to the
CLOCK-rs4580704 genotype
CC(n=2667) CG (n=3415) GG (n=1016) P!

Age (years) 66.9 (6.2) 67.0 (6.2) 67.0 (6.3) 0.961
Weight (Kg) 769 (120) 771 (12.1) 754 (11.5) <0.001
BMI (Kg/m?) 300 (3.8) 300 (39 297 (3.8) 0.030
Waist circumference (cm) 100.5 (10.3) 100.6 (109) 993 (10.3) 0.002
Female sexn, % 1551 (58.2) 1932 (56.6) 587 (57.8) 0444
Current smokers n, % 365 (13.7) 494 (14.5) 143 (14.1) 0.399
T2D prevalence n, % 1314 (49.3) 1616 (47.3) 497 (489) 0.291
CLOCK-rs4580704 n, % 0.570

MedDiet with EVOO 901 (33.8 1208 (35.4) 339 (334)

MedDiet with nuts 927 (34.8) 1078 (31.6) 328 (32.3)

Control 839 (31.9) 1129 (33.1) 349 (344)
SBP (mm Hg) 149.1 (20.8) 149.6 (20.7) 149.5 (21.0) 0676
DBP (mm Hg) 835 (11.1) 835 (10.9) 83.0 (11.0) 0389
Heart rate (bpm) 715 (11.1) 714 (11.3) 70.7 (10.8) 0.117
Total cholesterol (mg/dL) 2099 (37.8) 211.2 (39.0) 2100 (36.2) 0417
LDL-C (mg/dL) 129.2 (33.7) 130.0 (34.0) 1296 (32.7) 0635
HDL-C (mg/dL) 538 (13.7) 536 (13.9) 54.5 (14.3) 0224
Triglycerides (mg/dL) 1375 (75.5) 1376 (75.1) 1326 (68.6) 0.109
Fasting glucose (mg/dL) 1229 (41.8) 1218 (41.8) 1204 (39.1) 0.268
Energy intake (kcal/d) 2275 (603) 2281 (605) 2272 (605) 0.887
Total fat (g/d) 98.8 (30.3) 99.1 (30.6) 97.8 (29.9) 0.510
Saturated fat (g/d) 252 (92 255 (9.3) 250 (8.9) 0313
MUFA (g/d) 489 (16.0) 49.0 (16.0) 486 (16.0) 0832
PUFA (g/d) 158 6.9) 159 (7.2 156 6.6) 0.380
Proteins (g/d) 923 (228) 926 (23.2) 932 (23.5) 0.558
a2y LI,J + {s/,«l\ 220 4 Im(\ 220 ¢ Bi 1) 2200 B1 2) 0
Adherence to the MedDiet (points)?® 86 20) 8.7 20) 87 2.0) 0.037 I
Alcohol consumption (g/d) 83 (14.4) 86 (14.) 84 (14.6) 0718
Physical activity (METs-min/day) 232 (238) 227 (237) 243 (253) 0218

Total indicates the maximum number of participants included with genotype data and demographic, anthropometric, adherence to MedDiet, physical activity and
clinical variables. For dietary intake obtained by food-frequency questionnaires n = 7040 subjects were analyzed after exclusion of n = 58 subjects with invalid data.
Biochemical data were available for fasting glucose (n = 6716 participants) total cholesterol (n = 6834 participants), HDL cholesterol (n = 6753 participants), LDL

cholesterol (n = 6698 participants), and triglycerides (n = 6795 participants)

MUFA Monounsaturated fatty acids, MedDiet Mediterranean diet, EVOO extra virgin olive oil

2 Based on a 14-point screener of adherence
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Table 2 Incidence rate and hazard ratios (HR) for type-2 diabetes (T2D) depending on the CLOCK-rs4580704 in non-T2D
subjects

CLOCK genotypes Non-T2D subjects at baseline (n = 3671)

Cases Person-y Incidence rate® Model 1 Model 2
HR 95% Cl P value HR 95% Cl P value
Dominant model
cC 130 6088.5 214 1.00 (Reference) 1.00 (Reference)
CG+ GG 156 10727.7 14.5 068 (0.54-0.86) 0.001 069 (0.54-0.87) 0.002

Model 1: adjusted for sex, age, center and dietary intervention group

Model 2: adjusted for variables in model 1 plus BMI, drinking, smoking, physical activity, medication (hypertension, dyslipemia and glucose), adherence to the
Mediterranean Diet and total energy intake at baseline

? Crude incidence rates were expressed per 1000 person-years of follow-up

100

Fasting glucose (mg/dL)
8

&

P, =0.014
P, =0.009
€C (n=1284) CG (n*1686) GG (n=481)
CLOCK-rs4580704 SNP

Fig. 1 Association between the CLOCK-rs4580704 SNP and fast-

ing glucose in non-T2D subjects at baseline. Means values and SE
of means (error bars) are represented depending on the CLOCK
genotypes. The P-values for the polymorphism were obtained in the
dominant model for G-carriers vs CC subjects. P, Unadjusted model.
P, Model adjusted for sex, age, field center and BMI
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Genetic predisposition, Western dietary pattern, and the risk of
type 2 diabetes in men’2

. . . s TABLE 3
Lu Qi, Marilyn C Comnelis, Cuilin Zhang, Rob M van Dam, and Frank B Hu Interactions between dietary patterns and the genetic risk score in relation to diabetes risk”

Am J Clin Nutr 2009;89:1453-8. Printed in USA. ® 2009 American Society for Nutrition Dietary pallcmS"

Western dietary pattern

<10 (n = S03) 0.79 (0.46, 1.38) 0.81 (0.48, 1.37) 1.07 (0.65, 1.76)
10-11 (n = 504) 0.98 (0.67, 1.44) 1.02 (0.69, 1.49) 1.40 (0.97, 2.01) 0.06
=12 (n = 1126) 1 1.23 (0.88, 1.73) 1.49 (1.06, 2.09) 2.06 (1.48, 2.88) 0.01
<10 (n = 503) 1 0.85 (0.50, 1.44) 1.07 (0.65, 1.76) 1.29 (0.79, 2.11) 0.24 NS
10-11 (n = 504) 1 0.75 (0.52, 1.07) 0.81 (0.56, 1.18) 0.77 (0.53, 1.11) 0.21 —
=12 (n = 1126) 1 0.81 (0.58, 1.14) 0.71 (051, 0.99) 0.81 (0.59, 1.13) 0.16 —
"The analyses were adjusted for age, BMI, smoking, alcohol consumption, physical activity, family history of diabetes, and total energy intakes. Q,
quartile.
_ - . ? Defined by counting the number of risk alleles of 10 single nucleotide polymorphisms from 2 genomewide association study, including HHEX
1196 AcBevwv- 1337 paptopwy (rs1111875), CDKALI (rs7756992), IGF2BP2 (rs4402960), SLC30AS (rs13266634), WES! (s10010131), CDKN2A/B (rs564398, rs10811661), TCF7L2
- A posteriori dieta ry patterns (rs12255372), PPARG (rs1801282), and KCNJI1 (rs5219).
, * Values are odds ratios (95% Cls) calculated by using an unconditional logistic regression model.
- GRS armod 10 SNPs

Qdds ratio
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Previously Associated Type 2 Diabetes Variants May

Interact With Physical Activity to Modify the Risk of * 17 5SNPs
Impaired Glucose Regulation and Type 2 Diabetes * 16003 Mn-6itaBntikod,
A Study of 16,003 Swedish Adults KOTOLY WYHC

Ema C. Brito,! Valeriya Lyssenko,” Frida Renstrom,' Géran Berglund,” Peter M. Nilsson,*
Leif Groop,” and Paul W. Franks'?

Participant characteristics stratified by level of physical activity

(n = 16,003)

Physically Physically
Variable inactive active P
n 3,456 12,648 —
Sex (M/F) 2,287/1,168  8,115/4,433 0.097
Baseline age (years) 47+ 73 457+ 6.8 <0.0001

Baseline BMI (kg/m?) 246 + 3.7 242 + 3.1 <0.0001
Baseline fasting glucose

(mmol/1) 487+048 481 +049 <0.0001
Baseline 2-h glucose
(mmol/1)* 567+ 1564 564+ 144 0.480

Baseline glucose

regulation (NGR/AIGR)  2,585/870 9,601/2,947 0.038
Developed diabetes
(no/yes) 2,958/497 10,982/1,566 0.003

JoundLkng



Previously Associated Type 2 Diabetes Variants May
Interact With Physical Activity to Modify the Risk of
Impaired Glucose Regulation and Type 2 Diabetes

A Study of 16,003 Swedish Adults

Ema C. Brito,! Valeriya Lyssenko,” Frida Renstrom,' Géran Berglund,” Peter M. Nilsson,*
Leif Groop,” and Paul W. Franks'*

TABLE 2

Tests of association and gene X physical activity interaction for 17 polymorphisms on IGR risk (vs. NGR) and 2-h glucose levels (mmol/l)

Main effects (OR or B-coefficient) and P values (for main effects and interactions)

Overall _ Poicraction Physically inactive Physically active
IGR risk 2-h glucose IGR 2-h IGR risk (OR, 2-h glucose IGR risk 2-h glucose
K. LV B-CocHICIent, I va ‘ oSt P value) (B-coefficient, P value) (OR, P value) (B-coefficient, P value)

CDKNZ2A/B (rs10811661)*  1.08, 0.084 0.02, 0.432 0.015 0.013 0.91, 0.197 ~0.12, 0.064 1.12, 0.0075 0.06, 0.070
HNF1B (rs4430796) 1.02, 0.361+ 0.02, 0.651% 0.026  0.0009 0.92, 0.126 ~0.13, 0.005 1.06, 0.066 0.04, 0.056
PPARG (rs1801282) 1.01, 0.744 0.01, 0.790 0.041  0.776 0.88, 0.097 -0.01, 0.877 1.05, 0.221 0.01,0.717
T z T0%, 0. 160 Tz, 000 osE s 0.96, 0.540 0.01, 0.798 1.06, 0.055 0.05, 0.047
WFS1 (rs10010131) 1.03, 0.231 -0.01, 0.651 0.140  0.082 0.96, 0.456 ~0.08, 0.087 1.05, 0.082 0.01,0.748
TCF7L2 (rs7903146) 1.10, 0.001 0.06, 0.012 0.141  0.600 1.01, 0.858 0.03, 0.538 1.13, 0.0005 0.06, 0.012
ADAMTS9 (rs4607103) 1.03, 0.351 ~0.02, 0.420 0.155  0.784 0.94, 0.420 ~0.01, 0.886 1.05, 0.138 ~0.02, 0.405
CDKALI (rs7754840) 1.06, 0.024 0.04, 0.049 0222 0715 1.14, 0.033 0.02, 0.659 1.04, 0.1656 0.05, 0.051
CAMKI1D (rs12779790) 1.03, 0.306 0.01, 0.633 0238  0.753 0.96, 0.5656 ~0.00, 0.978 1.05, 0.143 0.02, 0.565
NOTCHZ2 (rs10923931) 1.11,0.013 0.04, 0.190 0313 0.281 1.20, 0.042 0.12,0.129 1.09, 0.092 0.03, 0.471
KCNJ11 (rsb219) 1.04, 0.144 0.04, 0.047 0391 0974 1.09, 0.148 0.04, 0.391 1.03, 0.388 0.04, 0.072
THADA (xrs7578597)* 1.04, 0.357 ~0.03, 0.511 0472 0484 0.98, 0.858 0.02,0.774 1.06, 0.249 ~-0.03, 0.358
IGFBP2 (rs4402960) 1.10, 0.002 0.02, 0.012 0.627 0871 1.12, 0.067 0.06, 0.289 1.09, 0.014 0.06, 0.025
JAZF1 (rs864745)* 1.04, 0.154 0.05, 0.008 0.830 0435 1.05, 0.384 0.08, 0.078 1.04, 0.253 0.04, 0.034
HHEX (rs1111875) 1.08, 0.005 0.05, 0.024 0.862  0.802 1.08, 0.220 0.03, 0.485 1.09, 0.010 0.05, 0.031
MTNRIB (rs10830963) 1.18, <0.0001 0.06, 0.009 0912 0300 1.20, 0.004 0.10, 0.067 1.18, <0.0001 0.05, 0.048
TSPANS (rs7961581) 1.04, 0.141 0.02, 0.053 0989 0857 1.04, 0.502 0.06, 0.286 1.04, 0.210 0.04, 0.091

P values are unadjusted for multiple statistical comparisons. Effect estimates are expressed as ORs (IGR vs. NGR) or B-coefficient (mmol/l of 2-h glucose) per copy of the risk allele at
each locus. Data are adjusted for age, sex, and BMI and are ranked by P value for the test of gene X physical activity interaction on IGR risk. *The major allele is shown as the risk allele.
In all other cases the minor allele is the risk allele. TThis result has previously been reported (14). Fasting glucose and type 2 diabetes data also have previously been reported in this
cohort for MTNRIB (15). Associations with type 2 diabetes have been reported for all other SNPs (10).
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FIG. 1. Interaction between the HNFIB rs4430796 variant and physical
activity on 2-h glucose levels in 8,600 Swedish middle-aged men and
women. M, physically inactive; [], physically active. Data are means
adjusted for age and sex. Error bars are 95% CIs. P,,...uction = 0.0009,
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Genetic variants near the IRS7 gene, physical activity and type 2
diabetes in US men and women

M. A. He,

Table 1 Associations between SNPs rs1522813 and rs2943641 and type 2 diabetes in NHS and HPFS

SNP Genotype NHS (women) HPFS (men) Mecta-analysis
Cases Controls Crude OR p value  Adjusted p value Cascs Controls  Crude OR p value Adjusted p value OR (95% CI) p value
(n=1,467) (n=1754) (95% CI) OR (95% CI)" (n=1,124) (r=1298) (95% CI) OR (95% CI)*

784 (53.4) 1,003 (57.2)
581 (39.6) 630 (35.9)

102 /7 Ny 121 (£ Oy

1.00 -
1.18 (1.02-1.37) 0.03

1.10 (0.99-1.23) 0.09

1.00 -
1.25 (1.03-1.51) 0.02

1.17 (1.01-1.35) 0.03

550 (48.9) 691 (33.2)
470 (41.8) 510 (39.3)

e e e e

631 (43.7) 122 (412)
636 (43.4) 798 (45.5)
190 (13.0) 234 (13.3)

1.00 _
0.90 (0.77-1.04) 0.16
0.91 (0.74-1.14) 0.42

1.00 -
091 (0.75-1.11) 036
0.83 (0.62-1.11) 0.21

1.00 -
1.16 (0.98-1.37) 0.09

1.16 (1.02-1.31) 0.02

1.00
1.21 (1.00-1.46)

1.19 (1.03-1.37)

1.23 (1.07-1.41)

0.003

510(45.4) 539 (415) 1.00 -

489 (43.5) 570 (43.9) 091 (0.76-1.08) 026
189 (14.6) 0.70 (0.54-0.90) 0.006

125 (11.1)

1.00
0.92 (0.76-1.12)
0.67 (0.50-0.90)

rs1522813 GG
GA
AL
Additive
model
52943641 CC
CT
TT
Additive
model

0.94 (0.85-1.04) 023

0.91 (0.80-1.04) 0.18

0.86 (0.76-0.96) 0.009

0.85 (0.74-0.97)

0.06

0.019 118 (1.06-1.30) 0.002
0.41 0.92 (0.80-1.05) 0218
0.008  0.75 (0.61-0.92) 0.006
0.016 0.88 (0.80-0.97) 0.008

® Adjusted for age, BMI (five categories), family history of diabetes (yes, no), smoking (never, past or current), alcohol (five categories), menopausal status (pre- or post-menopausal [never, past or current
hormone use]; women only), quintiles of physical activity (MET h/weck for men in HPFS, h'week for women in NHS) and quintiles of energy-adjusted polyunsaturated fatty acid:saturated fatty acid ratio, and
mtakes of trans fat and cercal fibre
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Interaction of single nucleotide polymorphisms in ADRB2, ADRB3, TNF,
IL6, IGFIR, LIPC, LEPR, and GHRL with physical activity on the risk
of type 2 diabetes mellitus and changes in characteristics of the
metabolic syndrome: The Finnish Diabetes Prevention Study

Tuomas O. Kilpeldinen™*, Timo A. Lakka™®, David E. Laaksonen®°, Ursula Mager®,
Titta Salopuro?, Agata Kubaszek®, Boryana Todorova®, Olli Laukkanen®, Jaana Lindstrém®,
Johan G. Eriksson®f, Helena Himildinen®, Sirkka Aunola®, Pirjo Ilanne-Parikka',
Sirkka Keininen-Kiukaanniemi*"!, Jaako Tuomilehto®"™, Markku Laakso®, Matti Uusitupa®
for the Finnish Diabetes Prevention Study Group

. Finnish DPS
. Maxvoapkot pe IGT
. MapakoAouBnon yia 4,1 £€tn

Table 2

Baseline characteristics of participants in the Finnish DPS
Characteristic Level at baseline
n 487

Sex (male/female) 162/325
Age (y) 55470
Weight (kg) 86.3 + 143
BMI (kg/m’) 31345
Waist circumference (cm) 101.2 £ 11.0
Fasting plasma glucose (mmol/L) 6.1 0.7
2-h plasma glucose (mmol/L) 89x15
Fasting serum insulin (mU/L) 14773
2-h serum insulin (mU/L) 95.4 £ 65.5
Energy intake (kcal) 1767 + 527
Total fat intake, energy adjusted (g) 722+ 127
Saturated fat intake, energy adjusted (g) 328+ 8.2
Fiber intake, energy adjusted (g) 199 + 6.6
Total PA (h/wk)* 5.7 (3.19.3)
Moderate-to-vigorous PA (h/wk) 1.7 (0.5-4.0)
Low-intensity PA (h/wk) 3.0(1.2-5.9)

Body weight (kg)

Waist circumference (cm)

GHRL - change in moderate-to-vigorous PA

Leu72Leu (n = 355

780

m PA 1st tertile (-1.6 hiwk)
8 PA 2nd tertile (0.3 h/wk)
OPA 3rd tertile (2.6 hiwk)

Met allele (n = 105)

P < .001

P for interaction* = 0.001
Leu72Leu (n = 353

P= 390

m PA 1st tertile (=1.6 hiwk)
| PA 2nd tertile (0.3 hiwk)
0 PA 3rd tertile (2.6 hiwk)

Met allele (n = 104)

P < .001

P for interaction* = 0.006
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Interaction of single nucleotide polymorphisms in ADRB2, ADRB3, TNF,
IL6, IGFIR, LIPC, LEPR, and GHRL with physical activity on the risk
of type 2 diabetes mellitus and changes in characteristics of the
metabolic syndrome: The Finnish Diabetes Prevention Study

Tuomas O. Kilpeldinen™*, Timo A. Lakka™®, David E. Laaksonen®°, Ursula Mager®,
Titta Salopuro?, Agata Kubaszek®, Boryana Todorova®, Olli Laukkanen®, Jaana Lindstrém®,
Johan G. Eriksson®f, Helena Himildinen®, Sirkka Aunola®, Pirjo Ilanne-Parikka',
Sirkka Keininen-Kiukaanniemi*"!, Jaako Tuomilehto®"™, Markku Laakso®, Matti Uusitupa®

for the Finnish Diabetes Prevention Study Group

Systolic blood pressure (mmHg)

'
-
o

Lys109Lys (n = 183)

Arg allele (n = 276)

B PA 1st tertile (3.2 hiwk)
® PA 2nd tertile (0.3 hiwk)
O PA 3d tertile (3.4 hiwk)

P for interaction* = 0.017

LEPR — change in total PA

> HDL-concentration (mmol/l)

HDL-concentration (mmol'l)

vy}

01 AA (n = 253) C allele (n = 207)
0,08 1
0,06 1
0,04 4 r
0,02 4

N i

0021 P=.001 P =.160
0,04 4
0,06 1| mPA 1st tertile (-3 2 hiwk)
0,08 - @ PA 2nd tertile (0.3 hiwk)

i DPA 3rd tertile (3 4 h'wk)

0.1

P for interaction* = 0.005

" AA (n = 253) C allele (n = 207)
0,08 4
0,06 1
0.04 4 -
0,02 4

0 8

S P= 005 P = 567
0,04 4
0,06 1| mPA 1st tertile (-1.6 hiwk)
008 - 8 PA 2nd tentile (0.3 hiwk)

' 0 PA 3rd tertile (2.6 hiwk)

01

P for interaction* = 0.024

GHRL
A. Change in
total PA

B. Change in
moderate to
vigorous PA
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Physical activity modifies the effect of SNPs in the SLC2A2 (GLUT2)
and ABCC8 (SURI) genes on the risk of developing type 2 diabetes

T. O. Kilpeliiinen,' T. A. Lakka,? D. E. Laaksonen,'” O. Laukkanen,’ J. Lindstrom,* J. G. Eriksson,*
T. T. Valle,* H. Héimiildinen,® S. Aunola,” P. Ilanne-Parikka,®® S. Keiniinen-Kiukaanniemi,!%!!
J. Tuomilehto,*>'? M. Uusitupa,'* M. Laakso,’ for the Finnish Diabetes Prevention Study Group

Table 3. Association of SNP:E' SLC2A2 with the risk of develoeing npe 2 diabetes Ilccording to thirds of the change
in moderate-to-vigorous physical activity

Change in Moderate-to-Vigorous Physical Activity.* hiwk

~L5 (-135t0 ~0.1) 05 (=01 to 1.3) 26 (13 10 144) P for Difference P for Interactiont
Relative risk of conversion to type 2 diabetes (95% CI)
SLC2A2 155393 (AIC)
AA (n = 374) 267 (1.25-5.70) 2.23 (1.13-437) 1 0.010
C allele (n = 105) 026 (0.05-1.27) 0.43 (0.12-1.53) 1 0.082 0,027
Conversions (%), AA vs. C allele 36 (30) vs. 7 (19) 35 (29) vs. 8 (22) 12 (9) vs. 6 (19)
Relative risk of conversion to type 2 diabetes (95% CI)
SLC2A2 55394 (CIT)
CC (n = 387) 267 (1.25-5.72) 225 (1.14-441) 1 0,010
T allele (n = 92) 021 (0.04-1.19) 037 (0.10-1.42) 1 0.064 0,022
Conversions (%), CC vs. T allele 37 (29) vs. 6 (20) 36 (28) vs. 7 (21) 12 (9) vs. 6 21)
Relative risk of conversion to type 2 diabetes (95% ClI)
SLC2A2 155400 (C/T) (T1101)
CC (n = 356) 242 (1.11-5.29) 237 (1.17-478) 1 0.023
T allele (n = 123) 0.67 (0.18-2.58) 051 (0.17-1.53) 1 0473 0,057
Conversions (%), CC vs. T allele 33 (29) vs. 10 (23) 34 (29) vs. 9 21) 119) vs. 7 (19)
Relative risk of conversion 1o type 2 diabetes (95% CI)
SLC2A2 155404 (G/A) (T198T)
GG (n = 387) 262 (1.23-5.60) 227 (1.15-445) 1 0011
Aallele (n = 92) 022 (0.04-1.23) 037 (0.10-1.40) 1 0.068 0,022
Conversions (%), GG vs. A allele
Table 6. Association of SNPs iy ABCC8 and KCNJ11 with changes in 2-h glucosd concentration according to thirds of the
change in mod to-vig Jorelealonrinl
Change in Moderate-to-Vigorous Physical Activity,* hiwk
—15(-1351w —0.1) 05 (0.1t 1.3) 26(13 to 14.4) P for Trend P for Interaction?
Change in plasma 2-h glucose, mean * SE, mmoll
ABCCS 153758947 (G-2886A)
GG (n ~ 270) 0.15£0.23 =0.50+0.18 ~0.58+0.18 0.020
A allele (n = 207) ~0.64+0.20 ~0.36+0.20 ~028+0.19 0224 0,015
Change in plasma 2-h glucose, mean * SE, mmol/l
ABCCS 153758953 (A-1273G)
AA (n ~ 123) 0.20+0.38 ~0.53+0.28 ~098+0.26 0.021
G allele (n = 354) 0.42x0.16 0.34x0.15 0.21%0.15 0.369 0.001
Change in plasma 2-h glucose, mean * SE, mmoll
ABCCS8 151799859 (A/G) (RI273R)
A allele (n = 146) 0.83+0.33 ~0.18+0.23 ~0490.26 0.004
GG (n = 331) ~0.74+0.17 ~0.46x0.16 ~041x0.15 0.158 0.002
Change in plasma 2-h glucose, mean * SE, mmoll
KCNJ11rs5219 (T/C) (E23K)
(n = 126) =0.15+0.35 =0.10£0.25 ~0.33+0.26 0.702
C allele (n = 351) ~0.28+0.18 ~0.61+0.16 ~045+0.15 0.502 0435

Table 4. Association of SNPs in|
change in moderate-to-vigorous physical activity

CNJ11 with the risk of developing type 2 diabetes ‘ccording to thirds of the

I/_t’gCCéi and K

Change in Moderate-to-Vigorous Physical Activity,* hiwk

—=1.5(-1351tw0 —0.1) 05(-011w13) 26(131w0 144) P for Difference P for Interaction?
Relative risk of conversion to type 2 diabetes (95% CI)
ABCCS 153758947 (G/A)
GG (n = 272) 3.65 (1.60-8.33) 1.42 (0.71-2.84) 1 0.003
A allele (n = 207) 1.04 (0.31-3.46) 2.25 (0.76-6.68) 1 0972 0.007
Conversions (%), GG vs. A allele 32 (38) vs. 11 (15) 25 (27) vs. 18 (27) 13 (14) vs. 5 (8)
Relative risk of conversion to type 2 diabetes (95% CI)
ABCCS rs3758953 (A/G)
AA (n = 123) 5.16 (1.51-17.6) 1.80 (0.67-4.85) 1 0.012
G allele (n = 356) 1.32 (0.59-2.99) 1.72 (0.83-3.57) 1 0.548 0.128
Conversions (%), AA vs. G allele 18 (47) vs. 25 (21) 13 (30) vs. 30 (26) TAT) vs. 11 (9)
Relative risk of conversion to type 2 diabetes (95% CI)
ABCCS 151799859 (A/G) (R1273R)
GG (n = 332) 5.60 (1.72-18.2) 2.40 (0.84-6.91) 1 <0.001
A allele (n = 147) 0.85 (0.39-1.87) 1.61 (0.80-3.25) 1 0.814 0111
Conversions (%), GG vs. A allele 20 (48) vs. 23 (20) 18 (32) vs. 25 (24) 5(10) vs. 13 (12)
Relative risk of conversion to type 2 diabetes (95% CI)
KCNIJI1T rs5219 (T/C) (E23K)
TT (n = 127) 9.81 (1.53-63.1) 5.99 (1.46-24.7) 1 0.006
C allele (n = 352) 1.28 (0.64-2.57) 1.26 (0.65-2.46) 0.498 0.203

Conversions (%), TT vs. C allele

Table 5. Association of SNPs
change in moderate-to-vigoroi

11 (30) vs. 32 (26)

14 (30) vs. 29 (26)

1
3(7)vs. 15(13)

:j SLC2A2 with changes in pl

2-h glucose

ation acc}rding to thirds of the

Change in Moderate-to-Vigorous Physical Activity,* hiwk

—15(—135tw —0.1) 0.5 (—0.1 w0 1.3) 26 (13w 14.4) P for Trend P for Interaction?
Change in plasma 2-h glucose, mean * SE, mmol/l
SLC2A2 rs5393 (A/C)
AA (n = 373) =0.17+0.17 ~0.22%0.15 ~0.46%0.15 0.222
C allele (n = 104) ~0.80+0.29 ~1.24%0.23 =0.0120.27 0.077 0013
Change in plasma 2-h glucose, mean * SE, mmol/l
SLC2A2 rs5394 (C/T)
CC (n = 385) ~0.18+0.17 ~0.24*0.15 ~0.46*0.15 0.233
T allele (n = 92) ~0.87%0.31 ~1.1920.24 ~0.03x0.28 0.070 0.023
Change in plasma 2-h glucose, mean * SE, mmol/l
SLC2A2 rs5400 (C/T) (T1101)
CC (n = 355) ~0.26:0.17 ~0.18%0.16 ~0.46%0.15 0414
T allele (n = 122) ~0.42+0.27 ~1.22x0.21 ~0.05£0.25 0375 0.016
Change in plasma 2-h glucose, mean * SE, mmol/l
SLC2A2 rs5404 (G/A) (T198T)
GG (n = 385) ~0.18:0.17 ~0.23*0.15 ~0.46%0.14 0.231
A allele (n = 92) ~0.93%0.31 ~L17£0.24 0.01:0.28 0.048 0.016
Change in plasma 2-h glucose, mean * SE, mmol/l
SLC2A2 CTTA haplotypet
Noncarriers (n = 386) =0.15+0.17 ~0.26*0.15 ~0.45%0.15 0.207
CTTA carriers (n = 91) =0.95%0.31 ~1.14%0.25 0.01+0.28 0.043 0.022
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Associations between chronotype, MTNR1B genotype and
risk of type 2 diabetes in UK Biobank

® X. Tan' (@, D.-M. Ciuculete’, H.B. Schidth'? & C. Benedict'
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Bpetavol
. MTNR1B: pelatovivn

. Rs10830963: TOpATETAWEVN ATEKKPLON
peAatovivng & HELWMEVN OmEKKPLON
Wooulivng = umepyAukatpia

Table 3. Odds ratios and 95% Cls for type 2 diabetes, separated by rs10830963 genotype and chronotype

Model 1 Model 2 Meodel 3 Model 4
Exposure OR (95% CI) P+ R? OR (95% Cl) P+ R’ OR (95% CI) P* r OR (95%CI) P+ s
rs genotype
CC 1 0.056 1 0.059 1 0.063 1 0.184
CG 1.10 4,0051E-8 1.10 3.8816E-8 1.10 (1.08,  4.1039E-8 1.10 1.1282E-7
(1.07, 1.14) (1.07, 1.14) 1.12) (1.07, 1.15)
GG 1.19 3.3262E-8 1.19 2.5537E-8 1.19 (1.16, 2.7255E-8 1.21 5.6032E-9
(1.12, 1.27) (1.12, 1.27) 1.23) (1.14, 1.29)
| Chronotype |
Definitely 1 0.058 1 0.059 1 065 1 0.184
moming
More morning  0.84 2.3055E-10 0.84 2.8277E-10 0.84 (0.80, 9.9992E-11 0.96 0.088
than evening (0.80, 0.89) (0.80, 0.89) 0.88) (0.91, 1.01)
More evening  1.01 0.791 1.01 0.769 1.00 {0.95, 0.833 1.06 0.012
than morming (0.96, 1.05) (0.96, 1.05) 1.04) (1.01, 1.12)
Definitely 1.38 0.0E0 1.37 0.0E0 1.34 (1.26, 0.0E0 1.25 7.0805E-11
evening (1.29, 1.46) (1.29, 1.46) 1.43) (1.17, 1.33)
Model 1: adjusted for age and sex.

Model 2: adjusted for confounders in Model 1 + self-reported chronotype (or rs10830963 genotype when investigating the association between self-

reported chronotype and T2D)

Model 3: adjusted for confounders in Model 1 + self-reported sleep duration + insomnia.
Model 4: adjusted for confounders in Model 2 + self-reported sleep duration + insomnia + BMI + systolic blood pressure + smoking + alcohol intake
frequency + test centre + principal components of ancestry + Townsend index.



Associations between chronotype, MTNR1B genotype and
risk of type 2 diabetes in UK Biobank

® X. Tan' (@, D.-M. Ciuculete’, H.B. Schioth'? & C. Benedict' (:
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Table 4. (aj Odds ratios and 95% Cls for the association between MTNR1B rs10830963 genotype and type 2 diabetes,
separated by chronotype. (bj Odds ratios and 95% Cls for the association between chronotype and type 2 diabetes,
separated by the MTNR1B rs10830963 genotype

Chronotype

More evening Definitely
Definitely morning More morning than evening than morning evening
1510830963 genotype OR (95% CI) OR (95% CI) OR (95% Cl) OR (95% CI)
(@)
CC (reference group) 1 1 1 1
CG 1.17 (1.08, 1.25) 1.11 (1.04, 1.18) 1.05 (0.98, 1.12) 1.11 (0.97, 1.27)
GG 1.25 (1.10, 1.42) 1.24 (1.10, 1.39) 1.20 (1.06, 1.35) 1.10 (0.87, 1.39)
rs10830963 genotype
cc CG GG
Chronotype OR (95% CI) OR (95% CI) OR (95% CI)
(b)

Definitely morning (reference group)
More morning than evening

More evening than morning
Definitely evening

1
0.98 (0.92, 1.05)

1.11 (1.03, 1.19)
1.27 (1.16, 1.40)

1
0.93 (0.86, 1.00)
1.01 {0.93, 1.08)

| 1.23 (1.10, 1.38) I

1

0.99 (0.84, 1.17)
1.10 (0.93, 1.29)
1.16 (0.90, 1.49)

Logistic regression analysis adjusted for age, sex, self-reported sleep duration, insomnia, BMI, systolic blood pressure,

smoking, alcohol intake frequency, test centre, principal components of ancestry and Townsend index.



Assessment of MTNR1B Type 2 Diabetes Genetic Risk
Modification by Shift Work and Morningness-Eveningness
Preference in the UK Biobank

Hassan S. Dashti,1.23 Céline Vetter,24 Jacqueline M. Lane,.23 Matt C. Smith,> Andrew R. Wood,*
Michael N. Weedon,> Martin K. Rutter,5:7 Marta Garaulet,®? Frank A.J.L. Scheer,1%11 and Richa Saxenal-2.3
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Table 3—Adjusted ORs of type 2 diabetes and adjusted Bs of HbA,. wi“h each additional copy of the MTNR1B G risk allelelacross

categories of current work schedule
Type 2 diabetes

HbA. (mmol/mol)

Type 2 diabetes case/control subjects, n/n OR (95% CI) | P N B (95% CI) Pint
Overall (n = 189,488) 5,042/184,446 1.10 (1.05-1.15)| 0.15 [175,156  0.26 (0.23-0.28) | 0.25
Day workers 4,047/154,792 1.09 (1.03-1.14) 146,993 0.25 (0.22-0.28)
Shift work without nights 475/14,863 1.24 (1.07-1.43) 14,110  0.32 (0.22-0.41)
Sometimes night shift work 284/8,434 0.99 (0.82-1.20) 8,005  0.36 (0.24-0.48)
Usual night shift work 80/2,171 0.85 (0.58-1.25) 2,069 0.20 (—0.04 to 0.45)
Always night shift work 156/4,186 1.28 (0.99-1.65) 3,979  0.19 (0.02-0.37)

Association results are adjusted ORs (95% ClI) of type 2 diabetes per each additional copy of the MTNR1B G risk allele or adjusted Bs
(95% ClI) describing differences in HbA1c in mmol/mol per each additional copy of the MTNR1B G risk allele across categories of current
work schedule. Association analyses are adjusted for age, sex, BMI, genotyping array, and 10 principal components of ancestry. P is log
likelihood ratio test comparing models with and without cross-product interaction terms (MTNR1B and current work schedule) including

main effect terms in logistic or linear regression models adjusted for the aforementioned covariates.




Assessment of MTNR1B Type 2 Diabetes Genetic Risk
Modification by Shift Work and Morningness-Eveningness
Preference in the UK Biobank

Hassan S. Dashti,1.23 Céline Vetter,24 Jacqueline M. Lane,.23 Matt C. Smith,> Andrew R. Wood,* * KCITCIVOL)\(,UGF] PWLVOU;
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Table 4—Adjusted ORs of type 2 diabetes and adjusted Bs of HbA4. v*ith each additional copy of the MTNR1B G risk allelelacross
categories of morningness-eveningness preference

Type 2 diabetes HbA1; (mmol/mol)

Type 2 diabetes case/control subjects, n/n OR (95% CI) Pint N B (95% CI) Pint

Overall (n = 169,926) 4,519/165,407 1.10 (1.04-1.15) |0.044| 157,256 0.26 (0.23-0.29) |0.87
Definite morning 1,272/42,097 1.17 (1.07-1.28) 39,976 0.30 (0.25-0.36)
More morning than evening 1,482/60,064 1.09 (1.00-1.18) 57,127 0.23 (0.19-0.28)
More evening than morning 1,268/48,593 1.06 (0.97-1.16) 46,267 0.23 (0.18-0.28)
Definite evening 497/14,653 1.02 (0.88-1.18) 13,886 0.36 (0.27-0.45)

Association results are adjusted ORs (95% ClI) of type 2 diabetes per each additional copy of the MTNR1B G risk allele or adjusted Bs
(95% CI) describing differences in HbA,. in mmol/mol per each additional copy of the MTNR1B G risk allele across categories of
momingness-eveningness preference. Association analyses are adjusted for age, sex, BMI, genotyping array, and 10 principal
components of ancestry. P, is log likelihood ratio test comparing models with and without cross-product interaction terms (MTNR1B and
momingness-eveningness preference) including main effect terms in logistic or linear regression models adjusted for the aforementioned
covariates.
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Gene-Lifestyle Interaction and Type 2 Diabetes: The EPIC

InterAct Case-Cohort Study

Claudia Langenberg’®*, Stephen J. Sharp'”, Paul W. Franks**”, Robert A. Scott’, Panos Deloukas®,
Nita G. Forouhi’, Philippe Froguel®, Leif C. Groop®’, Torben Hansen®, Luigi Palla’, Oluf Pedersen®'%"",
Matthias B. Schulze'?, Maria-Jose Tormo'>'*'%, Eleanor thclll', Claudia Agnoli'®,

Larraitz Arriola’*'7"'%, Aurelio Barricarte'*'®, Heiner Boeing'?,

M. Clarke®, ise Clavel-

Chapelon®'??, Eric J. Duell®®, Guy Fagherazzi®""*?, Rudolf Kaaks>*, Nicola D. Kerrison', ﬂmolhyJ Kcy A

Kay Tee Khaw?®, Janine Kréger'?, Martin Lajous®'?”2%, Andrew P. Morrls"'. Carmen N

Peter M. Nilsson?, Kim Overvad®**", Domenico Palli*?, Salvatore Panico®, J. Ramén Qulros ,
Olov %, Carlotta

hez'***, Nadia Slimani*®,

35,3637 a0

Annemieke M. W. Spijkerman®’, Rosario Tumino®'*2, Daphne L. van der A*’, Yvonne T. van der
Schouw*?, Inés Barroso®**, Mark I. McCarthy®®*>*%, Elio Riboli*’, Nicholas J. Wareham'*

Country Cases/Subcohort HR (95% CI)
France 159/334 —_—  1.57(1.29, 1.90)
Spain 1134/1536 —_— 1.51 (1.39, 1.64)
Italy 1820/2595 —— 1.35(1.26, 1.44)
UK 856/1115 —_— 1.41(1.29, 1.56)
Netherlands 644/1211 —_— 1.58 (1.41,1.77)
Germany  1400/1806 —_— 1.36 (1.26, 1.47)
Sweden  2232/2536 —_— 1.32 (1.24, 1.40)
Overall <> 1.41 (1.34, 1.49)

T T T T T

8 1.2 14 16 18 2

Figure 1. Hazard ratios for type 2
score by country and overall: the InterAct sludy

(4.4 alleles) i in the

genetic risk
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. GRS — 49 yeveTikol tomot
Characteristic  Stratum Cases/Subcohort HR (86% Cl) p_interaction
Overall
824511133 —- 1.41(1.34, 1.49)
Sex
Women 3665/3973 ——— 1.42(1.31, 1.53)
Men 429017160 —— 1.39(1.33, 1.46)
084
Farnily history
No 23954268 —— 1.39(132 1.47)
Yes 1463/10583 —— 1.37 (1.18, 1.50)
079
BMI
<25 1008/5040 —_—— 1.62 (150, 1.74)
25-<30 3539/4243 —— 1.468 (1.37, 1.56)
>=30 8231786 —— 1.27(1.17,1.39)
0.0015
Waist
«B4(M), <BNF) 11254962 —_—— 160148 172)
94-<10NM) 20-<E3(F) 1B05/2857 —— 1.53(1.36, 1.88)
>=102{M) >=B8(F) 245512497 ——— 1,28 (118, 1.40)
7.49 x 107
Age al entry
<50 218514776 — 1.49 (141, 158)
50 - <80 3503/3952 ——— 1.41(1.31, 1.51)
>=60 25552405 —— 1.34(126 142)
1.20 x 104
20x10° |
Physical activity
Active 11311966 —— 155(141,1.71)
Moderately active  1808/2479 —— 1.39(1.30, 1.48)
Modarately nactive 26653733 —— 1.40(132 148)
Inactive 2695/2768 —— 1.38(1.26, 1.47)
010
Med. det score
11-18 214173287 R S— 1.49(126,1.71)
710 340414823 —— 1.39(133,1.46)
06 243372776 —— 1.38(1.27, 1.50)
047
I 1 I I

d.

Figure 2. Hazard ratios for type 2 diab

per P
score within strata defined by sex, diabetes family history, body mass index, waist circumference, age, pllyskal actlvlty, and

(4.4

in the

risk

Mediterranean diet score: the InterAct study. Prentice-weighted Cox regression medels are adjusted for age, sex, and centre. F, female; M,

male; Med, Mediterranean.
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Group HR (95% CI) AR, %
Low genetic risk
Ideal lifestyle 1 [Reference] 0.27

Intermediate lifestyle

Poor lifestyle

Intermediate genetic risk

Ideal lifestyle

Intermediate lifestyle

Poor lifestyle
High genetic risk

Ideal lifestyle

Intermediate lifestyle

Poor lifestyle

3.09 (2.22-4.30) 1.00
10.82 (7.54-15.54) 3.87

1.33 (0.93-1.90) 0.35
4.40 (3.19-6.07) 1.41
12.33(8.84-17.22) 4.50

1.94 (1.30-2.90) 0.52
6.27 (4.53-8.68) 1.99
15.46 (10.82-22.08) 5.54
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