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I Factors that affect insulin secretion and action

: * Body weight * Heavy alcohol consumption e Epigenetics

I * Level of physical activity :l * Genetic predisposition ': ¢ Gestational diabetes
I « Smoking . *» Gene-environment interaction | mellitus
' . }
Positive risk profile Negative risk profile
B-cell dysfunction and

Normoglycaemia insulin resistance

L

Insulin-mediated
glucose uptake

Insulin-mediated
glucose uptake

Insulin-mediated
glucose production

Adipose tissue

}

Hyperglycaemia

NaBoducioloyia

**INUAVTIKOC 0 pOAOG
TwV yovidiwv

Zheng 2018
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AmnoteAéopata
Statpodikwv
mapotenong
napéufoaong.

HEYAAWV
HEAETWV
KOLL

Nutritional factor assessed

Relative risk (95% CI)

Nutrients

Haeme (iron)
Clycaemic index

Glycaemic load

1.31(1.21-1.43) extreme groups*®
1.19(1.14-1.24) extreme groups™
1.13 (1.08-1.17) extreme groups™

-
Docosahexaenoic acid (DHA) or

eicosapentaenoic acid (EPA)
Vegetable fibre
Fruit fibre

o-Linolenic acid

1.04 (0.97-1.10) per 250 mg per day

1.04 (0.94-1.15) extreme groups®
0.96 (0.88-1.04) extreme groups™

0.78 (0.73-0.84) extreme groups*

0.67 (0.62-0.72) extreme groups™

0.62 (0.54-0.70) extreme groups™

Food groups

Processed red meat

Unprocessed red meat

1.51(1.25-1.83) per 50 g per day
1.19 (1.04-1.37) per 100 g per day

1Ish or seatood

- per g per aay

hite rice
Green leafy vegetables
Creen leafy vegetables
Dairy products

hole grains
Sugar-sweetened beverages
Sugar-sweetened beverages
Decaffeinated coffee

otal coffee

1.11(1.08-1.14) per 1 serving per day
0.86 (0.77-0.97) extreme groups™

0.84 (0.74-0.94) extreme groups*

0.86 (0.79-0.92) extreme groups™
0.68 (0.58-0.81) per 3 servings per day
1.26 (1.12-1.41) extreme groups*

1.18 (1.06-1.32) per 336 g per day
0.80 (0.70-0.91) extreme groups*
0.70 (0.65-0.75) extreme groups®

Dietary patterns

Mediterranean diet

Iternate healthy eating index
(AHEI) 2010

Dietary approaches to stop
h

ertension (DASH

E—
0.60 (0.43-0.85) Mediterranean diet supplemented with extra-virgin olive oil compared with control group (advicdon
a low-fat diet), 0.82 (0.61-1.10) Mediterranean diet supplemented with nuts compared with control group

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 dpaotnplotta

Aoknon

*  YUnAn vs xapunAn QA cuoyetiletal He Peiwon Tou OxXETLKOU KivOUvou gpdaviong ZA kotd
nepinov 30%

* BeAtiwon voouAlvogvatoBnoiog kot YAUKALULKOU EAEYXOL o€ pN-6LafnTikd dtopa.

o JuuneplAapBavovtal 0AoL oL TUTIOL AoKNoNng (evtocg & ekTOC epyaoiag).

* Aev adopd povo otnv katavalwon Beppuidwv.

ApaoTNPLOTNTEC KOOLOTIKEC

e Auénpuevn dLapkela KABLOTIKWVY SpaoTnNPLOTNTWY =2 2IMAACLo¢ Kivduvoc spdaviong ZA

* 1 wpa ENUTAEOV UMPOOTA OTNV TNAgOpaon =2 3,4% peyoAutepo Kivduvo gudaviong ZA
HEoa o€ 3,2 €1n

= 200TaoN YO AVTLKATAOTAoN KABLOTIKWY SpactnploTATWY LE SpacTtnpLlOTNTEC IOV
nepltAaufavouv Kivnon kot aoknon.

Kolb & Martin, 2017



Quowkn dpaoctnpLotnta

Authors (date) [ref.] ES (95% CI)
LTPA

Helmrich at al (1991 [14] - 0. EI:I.E-‘I. 1.02
Lyrich et al (1996) [13] - 0.96 (0.82, 1.01
Haapanen et aIE tIErEI?]- [36 0.87 ED.T&. 1.04
Haapanen et al (| }{199?] 3 —— D68 (052, 0.84
James et al (19948) [6 - 0,83 (0.31, 2.23)
Folsom et al (2000) [62] - 0.85 (0.78, 0.92
Okada et al (2000) [66] —— 0.66 El:l. 50, 0.87
Wa narmmaﬂ el al (2000} (69 —_— 0.67 (0.51, 0.88
Hu at al (20 P’ %‘i ) [63] ! 0.34 EI:I.'IE.D.ﬁ-t I
w'emsieln E:tt al ?Eﬂgj]z[]a? - ggz Egﬂ-ﬁ D.g:‘:l ® ZXETLKOL Kivbuvol yw
eisinger et a B85 (0,55, 1.31 ,

Meisinger et al EI?} (2003) [3 + ] 0.35 (0.13, 0.95) 2A avd 10 MET h/wk
Villegas et al (2006) [47) * 0.96 (0.91, 1.04 . .
Carlsson et al (2007) [41] - 0.76 El:l.aa. 0.84 * LTPA: Leisure-time PA
Magliano et al (2008) [40] —— 0.71 (0.58, 0.85
Chien et al (2008) [68) — 0.80 ED.E»E. 0.95
Fretts et al (200 za) mﬂ . 0.95 (0.92, 0.99)
Krishnan et al (2009) [64] * 0.72 (088, 0.77
Siegel ot al (2009) [B0] . 0.76 Eu.m, 0.79
Demakakos et al (2010) [71] _— 042 EI:I.EE. 067
Grantved at al (2012) [61 * (.83 (0.80, 0.85
Lee at al (2012) [67] L 0.96 (0.85, 0.97)
Steinbrecher at al (1) (2012) [38] * 0.88 (085, 0.93
Steinbrecher et al (II) (2012) [38] - 0.84 EI:I.TE.D.QI:I
Grontved at al ([} (2014) [35] - 0.76 (0.70, 0.83
Grontved et al {11} (2014) [35] - 080 ECI.T#. 0.87
Ding et al (2015) [42] - 0.89 (0.82, 0.98)
Subtotal (1'=82_7%, p<0.001) d 0.83 (0.79, 0.87)

1
Total PA !
Burchfiel et al (1595) [58] - 0.98 (0.97, 0.01)
Makanishi et al (2004) [57] - 0.98 (0,96, 1.01)
Ekelurd et al (1) (2012) [33] - .89 (0.BE, 0.93
Ekelund et al {11} (2012) [39] L 0493 EI:I.EHJ, 0.4a7
Fan et al (2012} [59] - 0.97 (0.86, 0.985
Subtotal (/°285.6%, p<0.001) . 0.96 Eu.m, 0.98

i
Overall (1293 5%, p<0.001) ] 0.87 (0.84, 0.89)

i

T | = | T
2 4 1 2 4
AR

Smith Aetal, 2016



Quowkn dpaoctnpLotnta

*  Aooco-£€apTWHEVN CUCXETION
* a-d: Stagpopetika oevapla 6cov adopd
ta MET h/wk avadopac kot tn dtapketa

NG KABe cuvedplag

a b [ d
LTPA MET hiweaak HH 953 Cl AR b | HH g5%% R 5 Ol
225 0.B3 (.92, 0.95) 0.8z D ED, 054 OB (0.90, D.94) 0.33 |DUBS, 0.B2)
450 0BT (084, 0.90) 0.85 [DLEZ, 0.853) OLES (0.82, D.39) 0.82 0.7 T, 0.B7)
10.00 0.7 (071, 0.81) 0.73 |CUET, 0.80) o3 (067, D.79) 0.63 |{D.B0, 0UTg)
11.25 0.4 (0.68, 0.30) 072 |DUES, 0.79) o [0.65, 0.77) 0.67 [0.56, 0.75)
22.50 064 (0.56, 0.73) 0.61 [DL32, 0.7 1) 0B (0.32, 0.70) 0.55 D45, 0.67)
S0.00 DED (051, 0.70) 0.58 D48, 0.65) 057 (0.47, D.68) 0.52 {041, 0.B5)
B0.00 04T (034, 0.65) 0.45 {0,231, 0.68) O (0.31, 0.63) 0.339 {D.2B, 0.B0)

Smith Aetal, 2016



Quokn dpaotnpLotnta & Alata

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

Study or subgroup Diet + phoysi- Comparator Risk Ratio Weight Risk Ratic
cal activity
ni'H niN M-H, Random, 95% Cl M-H, Randam, 95% CI
Da Qing 1537 i3/7z 51/TE e 16.3T% 0.68[0.51,0.5932)
DEP 2002 155/1079 313/1082 . 35.03% 0.5[0.42,0.5%]
DFE5 2001 IT/265 59,257 —p— B.6% 344[0.29,0.68]
EMPS 2005 T/51 1351 —— £.31% 0.54[0.23,1.24]
HELF FD¥ 2011 47151 11/150 —— L.79% 0.356[0.12,1.11]
IDPP 2006 47/120 73/133 ——— 19.13% 0.7L[0.54,0.54]
JOFF 2013 w103 13/11a —_— Z.B2% 0.53[0.25,1.13]
Hosaka 2005 310z 32/356 —_—G 132% 0.33[0.1,1.05]
Oldroryd 2005 7/37 g/32 —_—— 2% 0.76[0.31,1.56]
PODODSA 2014 12/31 1782 —_— 3.52% 0.71[0.36,1.4]
SLIM 2003 11/61 15/E0 — 3.74% 0.57[0.3,1.0%]
Total (95% C1) 113 21389 * 100% 0.57[0.5,0.64]
Total events: 315 (Diet + physical activity), 614 (Comparator]
Heterageneity: Taw’=0; Chi*=10.65, df=10{P=0.39); I’=6.11%
Test for owerall effiect: Z=B T{P=0.0001)
Diet + physical activity 01 LE I B 51 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(50]) N Mean|50) Random, 95% CI Ramdom, 35% Cl
Da Qing 1997 T 7227 6 16 (LB + 1.439% -0.44[-1.3,0.42]
DEP 2002 515 5.9 (0.B) 935 E.2(L1) - 21L.H% -0.3[-0.39,-0.31]
DFS 2001 231 QLT 203 L1007l | 1B.06% -0.1[-0.23,0.03]
EMIPS 2008 8 5.6 (0.T) 23 5.4 (0.B] —_ 5.75% 0.2[40.19,0.55]
HELF PD} 2011 127 5.7 (0.E) 134 6i0.7) — 16.17% -0.3[-0.46,-0.14]
IDPF 2006 108 5.1(1.4) 124 E.5 (LB B — 5.35% -0.4[-0.81,0.01]
JDPF 2013 103 & (0.E) 110 6109 — 11.72% 0[-0.23,0.23]
Oldroyd 2005 n .3 (0.B) 4 0111} e a— 4.1% [.13[-0.35,0.62]
PODOSA 2014 84 5.9 (0.B) E3 6(1] — 5. 36% -0.13[-0.41,0.15]
SLIM 2003 57 6.3(1.1) 58 6.5 (0.9 —T 6.71% -0 18[-0.54,0.1E]
Total ¥ 1755 1775 -» 100% -0.17[-0.27,-0.06]

Heterogeneity: Tau’=0.01; Chi*=18.7, d=%P=0.03); I'=51.86%

Test for overall effect: Z=3.02(P=0)

Quokn dpaotnpLotnta & Alata

Diet = physical activity -1 b o 0.5 L Comparator

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



KamvioTlKEG ouvnBOeleg

* YnAotepoc kivouvoc gpdavionc ZA og evepynTIKOUC & maBnTikou g KATVIOTEC
0€ OUYKPLON UE UN-KOTIVLOTEG

Meta-avaAuvon npoontikwyv peAetwv: RR=1,6 Bapeic | RR=1,3 eAadpeig
KarvioteC | RR=1,2 mpwnVv KATVLOTEC

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 dtopa Stapopwv eBVIKOTATWY
Ix€on kamvol — mapouaiog mpodiafntn

Yxéon karmvou — Emimtwon A

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

Cigaretta
Mewver
Former
Currant
Cigar
Mever
Former
Currant
Pipe
Mever
Former
Currant
Smokeless
Mever
Former
Currant

Unadjusted

1 (refarance)
1.05 (0.80,1.22)
0.891 [0.73.1.14)

1 (refaranca)
1.54 (1.11.2.14)
1.88 [0.88.4.00)

1 (refaranca)
1.10(0.83,1.48)
1.85 [0.73.4.67)

1 (refaranca)
1.47 [0.772.70)
1.84 [0.50,6.80)

Model 1

1 {refarence)
0.90 (0.75,1.07)
0.86 (0.67.1.11)

1 {referenca)
1.51 (1.02,2.21)
218 (0.93,5.01)

1 {referenca)
1.05 (0.76,1.46)
2.05 (0.71,5.81)

1 {referenca)
1.28 (0.58,2.77)
1.41 (0.31,6.47)

Model 2

1 {referenca)
C.B8 (0.72,1.08)
1.02 (0.76,1.38)

1 {referanca)
1.30 (0.86,1.98)
1.81 (0.76,4.77)

1 {referanca)
.81 (0.63,1.32)
2.04 (0.62,6.70)

1 {referanca)
092 (0.35,2.45)
0U50 (0,04, 5 BE)

Keith RI 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 (85% Cl) for the association of tobacco exposure and incident diabetes.

N events
Cigaretta
Mewar 154
Former 160
Currant 45
Cigar
Mewar % |
Former 24
Currant 4
Pipe
Mewar 321
Former 36
Currant 2
Smokeless tobacco
Menver H3
Former 12
Currant 4

Unadjusted

1 (refarenca)
1.35 (1.08,1.68)
1.07 (0.77.1.48)

1 {refarenca)
1.74 (1.13,2.69)
0.82 (0.23,3.68)

1 {refarenca)
146 (1.02,2.10)
069 (0L10,4.81)

1 iretarenca)
3.38 (1.85,68.18)
3.08 (0.77,12.41)

Model 1

1 [refaranca)
1.20 [0.95,1.51)
1.04 [0LT4,1.48)

1 [referance)
1.51 (0.95,2.39)
0.88 (0.22,3.61)

1 [referance)
1.43(0.97.2.12)
0.63 (0.00,4.49)

1 [referance)
3.18(1.72,5.86)
2.75 [0.68,11.10)

Aev mapatnpnOnke KAmolLa OTOTIOTIKA
onuavtikn aveéaptntn oxeon.

Model 2

1 {referenca)
1.02 (0.77.1.37)
0.B6 (0.55,1.34)

1 {referenca)
1.58 (0.85,2.94)
1.90{0.39,5.11)

1 {referenca)
1.36 (0.83,2.25)
1.0 0.14,8.88)

1 {referenca)
2.19 (0.83,5.78)

Keith Rl et al, 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 4. Beta coefficients (95% Cl) 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 exposura
Unadjusted Maodel 1 Maodel 2 Unadjusted Model 1 Model 2
Cigarette
Glucose, mgdL 3.49 (1.01,5.97) 2,60 (0.10,5.11) 1.53 (-0.43,4.29) 3,52 {-0.26,7.31) 375 (-0.11,7.61) 252 [-1.10,6.14)
Insulin, mUL 0.03 (-0.03,0.10) 0.08 (0.01,0.14) 0.02 {-0.0:3,0.07) 0.05 (-0.0,0.15) 0,12 (0.02,0.22) 0.005 (-0.079,0.084)
HOMA-IR, % 0.07 [D.04,0.14) 0,10 (0.03,0.17) 0.0 {-0.02,0010) 0.09 {-0.02,0.20) 0.16 (0.05,0.27) 0.02 (<0.07.0.12)
Cigar
Glucose, mgdL 2.78 (0.06,5.50) 1.25 {-1.44,3.95) 1.08 (-1.43,3.60) 99.96 56.04 .67
{30.32,169.59) [-13.62,125.70) (-30.84,100.17)
Insulin, mUL 0.04 (40.03,0.11) 0.06 {<0.01,0.13) <0.10 (— 243 (0.68,4.17) 3.21 (1.44,4.96) 1.31 («0.15,2.80)
0.03,0.08)
HOMA-IR, % 0.07 {0.01,0.15) 0.076 0.0 {-0.03,0010) 3.48 (1.48,5.48) 3.82 (1.81,5.83) 1.69 (0.02,3.35)
(-0.002,0.153)
Pipe
Glucose, mgdL 006 [-1.40,2.58)  -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, mUVL 0.03 (0.02,0.08) 0.06 {0.01,0.11) 0.0 [-0.01,0008) 1.589 (0.36,2.82) 2.60 (1.33,3.86) 1.060 {0.006,2.212)
HOMA-IR, % 004 (-0.02,0.10)  0.058 (0.002,0.117) Q.03 (-0.02,0.08) 1.98 (0.57,3.38) 2.66 (1.22,4.10) 0.946 (<0.25,2.18)
Smokeless
tobacco
Glucose, mgdL 1.15 (-3.69,5.599) 1.22 [-3.54.5.97) 1.13 (-3.63,5.89) 9.81 (-86558616) 17.33(-57.58,02.25) 14.97(-57.44,67.35)
Insulin, mUL .01 0.002 0,05 (-0.15,0.06) <0.33 [-2.24,1.58) <0.18 [-2.07,1.70) -0.26 (-1.88,1.36)
(-0L13.0.11) [-0.118,0,122)
HOMA-IR, % 0.01 {0.13,0.15) 0.02 {-0.12,0.18) <0.03 (-0.15,0.09) 015 (-2.34,2.04) 008 (-2.08,2.22) -0.02 (-1.86,1.82)

Keith Rl et al, 2016



2uvnBeLeg UTVou

Awdpkelo ' Yrivou
e 7-8 wpeC UTIVOU NUEPNOLWC =2 XapnAoTepOC Kivouvocg ZA
* AU&non kwduvou katd 9% yla kabe peiwon dlapkelog umvou katd 1 wpa
*  MeyaAUtepn Stapkela UTIVOU 1] UTIVOC KaTd TN SLAPKELA TNC NMEPOC =2 avénon
Kwduvou (;)

Awatopayég’Ymvou

e JKop molotntag uTtvou (PSQI): cuoxetion pe emineda HbAlc kot yYA\ukolng vnoteiac.
*  JUMMTWHATO QUTIVIOG =2 peyaAUTepn entmtwon ZA

* Kowwviko jetlag

e XpovotuTog

Kolb & Martin, 2017, Reutrakul S et al 2013
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Reduced beta-cell mass
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due to obesity
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Figure 3. Pathways to Type 2 Diabetes Implicated by Identified Commeon 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 cbesity or of obesity-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.

Ll 10011373

]

931A0A0dD

McCarthy 2010
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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 ) Rader, Yu Bagger, Claus
Christiansen, Vilmundur Gudnason, Gunnar Sigurdsson, Unnur Thorsteinsdottir, Jeffrey R

Gulcher, Augustine Kong, Kari Stefansson

t
Affected Control |
Allele frequency? frequency? RRP Two sided P .
All alleles of DG10S478¢ !
lceland {1,185/931) a 0.636 0.724 0.67 21x1070 ¢
a4 0.005 0.002 2.36 0.12 :
8 0.092 0.078 1.21 0.090 ¢
12 0.242 0.178 1.48 46 x 1077 ¢
16 0.022 0.015 1.53 0.076 1
20 0.001 0.003 0.39 0.17 ¢
Denmark (228/539) a 0.669 0.740 0.71 0.0048 !
a4 0.002 0.004 0.59 0.62 ‘
8 0.070 0.048 1.49 0.091 :
12 0.239 0.190 1.34 0.032 !
16 0.020 0.018 112 0.78 f
USA (361/630) -4 0.001 0.000 - - ]
0 0.615 0.747 0.54 3.3 % 1079 1
4 0.003 0.004 0.73 0.72 )
8 0.085 0.049 1.79 0.0029 )
12 0.256 0.180 1.57 1.2 x 1074 :
16 0040 0020 207 0012
Allele X of DG10S478°
Iceland (1,185/931) X 0.364 0.276 1.50[1.31, 1.71] 2.1 x 1072
Denmark (228/539) X 0.331 0.260 1.4111.11, 1.79] 0.0048
USA (361/530) X 0.385 0.253 1.85[151,2.27] 3.3 x 100
Combined X - - 1660141, 1.73) 4.7 x 10718

© 2006 Nature Pyblishing Group http:/www.nature.com/naturegenetics

Shown is the allele frequency in affected individuals and controls and the corresponding association of DGLOS478 to
type 2 diabetes, together with the number {r} of subjects (individuals with type 2 diabetes/controls), the haplotype
relative risk (RR}and P values.

2Allelic frequencies, rather than carrier frequencies, are presented in the table. RR calculated assuming a multiplicative model;
95% confidence interval indicated for RR of composite allele X. “Two-sided 7 values calculated for each allele using a likelihood
tatio test statistic with adjustment for the relatedness of Icelandic individuals with type 2 diabetes (Supplementary Methods),
YFrequency 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-tisk allele X (nonzero alleles) of DG10S478 inall three cohorts and in the
cohorts combined using a Mantel-Haenszel model'L.

R ' 2t

iR ) s - |

s '!'Ei._' ; 4 ¢ 09! 0.9

R =1 08 08

g . = Exons 5-14

fo _I!_; o i 0.7 0.7

O

] H ]

612255372 3. . i ... . s ne &2
DG10S478 ; { 0.4 04

i 0.3 03

i 0.2 02

:_ - Exons 1-3 0.1 0.1

{ 0 0

[ #

i

Genotype relative risk (GRR)?

Cohort 00 0X [95% c.i.] XX [95% c.i.] PAR
lceland 1 1.4111.17,1.70] 2.27 [1.70, 3.04] 0.21
Denmark 1 1.37 [0.98,1.90] 1.9211.13, 3.26] 0.17
USA 1 1.6411.23, 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

2Risk for heterozygous carriers (0X) and homozygous carriers (XX) compared with risk for non-

carriers (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 -135 novel loci (LwB)
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New genetic loci implicated in fasting glucose homeostasis and

their impact on type 2 diabetes risk
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Table 3 | Prevalence and clinical impact of a high GPS

High GPS definition Reference group Odds ratio 95% Cl Pvalue
CAD
Top 20% of distribution Remaining 80% 255] 2.43-267 <1x10-%°
Top 10% of distribution Remaining 90% 289 2.74-3.05 <1x10°%%°
Top 5% of distribution Remaining 95% 334 312-358 6.5%107%
Top 1% of distribution Remaining 99% 4.83 4.25-5.46 1.0x10™
Top 0.5% of distribution Remaining 99.5% 517 4.34-612 79%x107
Atrial fibrillation
Top 20% of distribution Remaining 80% 243 2.29-2.59 21x10™
Top 10% of distribution Remaining 20% 274 2.55-2.94 70x107%
Top 5% of distribution Remaining 95% 322 2.95-351 11x10%2
Top 1% of distribution Remaining 99% 463 3.96-5.39 29x10%
- P o e
Type 2 diabetes
Top 20% of distribution Remaining 80% 233 2.20-2.46 3110
Top 10% of distribution Remaining 90% 249 2.34-2.66 1.2x107%
Top 5% of distribution Remaining 95% 275 2.53-298 1.7 %1010
Top 1% of distribution Remaining 99% 330 2.81-3.85 1.4x10%
Top 0.5% of distribution Remaining 99.5% 348 2.79-4.29 4.3x10%
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Interactions of Dietary Whole-Grain Intake
With Fusiin? Glucose=- and Insvlin-Related

Genetic Loci in Individuals of European
Descent

A meta-analysis of 14 cohort studies

Table 2—M e ta-anal yzed asseciation beoween daily whole-grain intake and fasting glucose and fasting insulin in 14 cohorrs

Regression coefhcent (B [95% C1] Fegression coethoient (B [95 % 1]
mepresenting expected change in Tepresentng expected change in
fasting glocose [mmolsdl] per fasting insulin [{Infpmeold] per
one-daily -serning—greater one-daily-serving—greater
" whole-grain intakee) P n whole-—grain intake) E

todel 1: age. sex energy intake,

field center, or population

structure* 48,723
Model 2: model 1 + education

lewvel, physical activity. alcohol

intake, and smokdng statust 48,207
Model 3 modsl 2 + red or

processed meat, fish,

vegerables, fruit, coffee, muts,

and seeds# 465,585 — O 0] 00301 33,5903 —0.01G 0021 bo —0.0113 =00
Model +: model 2 + BMIE 45,528 — 150 = 0.0001 33 937 —0.011 2,015 to —0.0071 Q. 0003
*Energy intake was not estimared io the Age Ge .ﬂm‘tmnmcntliusmpubﬂu}--Fl.::.ﬂga'.rl.'l-: Study cohort. Field cerflet was Ln-:'l#:d @ o covariate in the Health, Aging,
and Body Composition Stady: the Cardiovascu the Athercsclercsis Risk in Comomuanities Soady, sy Heart Study, and the Invecchaare in
Chiant {(Aging 10 the Chaanti Area) Soady. Principal components were used o adjust for popularion structure in the Framangham Heart Soudy and the Farmaly Heart

Stady. TEducarion level and physical acavig: were defined umaquely by cohort. Smmoking status was characterized as current. former. ornever in 12 cohorts and as

current or not current io 3 coborts [(Framingham Heare Study; Age, Gene/Environment Suscepeibility-Reylgavik Stady; Uppsala Lomgitadinal Stody of Adult Men
Educarion Level, smoking status, ard alocohol inealee were not adjusted in the Geme-Diet Artica Investigation on Childhood Okesity cohort (Afth and sixth graders).

#hdast cohorts included each of dhetary covariates listed in the table as servings per day or grams per day; excepions are noted m the online supplement. EBM] was
modelsd as & conanuous variable m all cohores (kgfm®).
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Tahble 3—Meta-analyzed interactions between daily whele-grain intake and genotype for select SNPs for fasting glucose and fasting insulin in

14 cohoris ™

Regression coefficient for

Chicose- or interaction betwreen daily P 95%
insulin-raising ervings D:l' whole grains > SHF nncertainty
allelesother HMumber of for fasting glucose (mmol/1 nterval)
SHP Mearest gene allele cohorts 1 B SE P LE
Glhucose-related SHP
T=340E T4 FROX] T 13 43,527 =011 Q030 0.7l O 0-577
T=7E00Y SRR T 14 48,303 LU (w] 0.0027F 0.12 QO (0557
TESG0ERT GEPC2 T 13 43 488 — .00 Q032 (LR O 0-577
=l 1 70RDGT ADCYS A 13 43,555 0.003% 00036 0.28 24 {0—a1d
=11 52 000 T TiA 13 43,451 QL0005 Q0435 089 O 0-572
T=2191 349 DGRETMEMISS TS 13 43,561 — 0004 00029 0.1z QO (0-570
=075 17 TR AT 14 48 323 Q00072 Q.05 095 O (0-550
r=11558471 SLC30AE A 1o 40, TTE — 00007 00034 084 O (0—e2)
7034200 [ ] AT 13 43,262 Q.05 Q.a0ee 0.6 O 0-572
r=10B85122 ADRAZA T 13 43,291 Q.02 0,004 0.0& QO (0-570
=45 0a565 TCFETLZ TrA 1z 45,211 Q000 Q030 o8s 51 (6751
r=11E05924 CRYZ AT 13 43,567 — 0015 Q029 0.5e O (0-57
T=7SH4554 MADD AT 13 43,261 Q.00 Q0335 0.14 O 0-572
=1 74550 FAD=] TAZ 14 48,162 — 0027 Q.O02e 034 32 (0—a4)
r=10830263 MTMRIB i 13 43,433 Q.o02a Q.05 042 32 (0—a5]
r=110716857 CACHE AN 13 42,500 Q.00A5 Q0021 0.25 O (0-57
Fegression coefhoent for
interaction betwocen daily
servings of whole grains = SHE
Insulin-relaved SHF for fasting insulin [(Inipmold]
A— —
l TEFE000 [t T 14 a3.784 LRI | [t (Rl 1 (0—38)
—— T aka = - 0 (0571

*Regression coefficient for imtetaction betwreen daily semvangs of whole grains = SHF for fastmg glucose (mmaolA) and Easting insulin [(Inlpmold], adjasted for age,
sex, energy intake (not in the Age, GeneEnwvironment Susceptibiligg-Reyljavilke Study), and held center (Health, Aging, and Pody Compositoom Study; dhe
Cardicwvascular Health Study; the Atherosclerosis Risk in Comomunities Stady; ard the [ovecchiare in Chaanti [Aging in the Chiamt Area] Smedy) and population
structurs by principal cormponents in the Framingharm 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

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

Genotype
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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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ULSAK 853 - 907 (~0.11, —002)
-0.02 (—0.02, —002

Diffaraace inrmean Basticg Peulie (Aoprmelll) per 50 wgld dislary magnesurm irkake



MetavaAuon 26 POOTTLKWY HEAETWV
avédeifav oxéorn S6ong-anokpLong petagld
e npdoAndng kadé kat Tou Kwdvvou

epdaviong ZA2.

KaBe avénon g npooAnding kadé kat
decaf kadé kard 2 pA.nuépa ouvoyetiotnke

HE peiwon tou Kwwbivou katd 12% ke 11%
avriotoya.

Eur J Nutr (2014) 53:25-38
DOI 10.1007/500394-013-0603-x

Z0yKpLon HeYaAUTEPNG TPOG HIKPOTEPN G KaTnyopiag Weight
year author KatavaAwo nckade (95% CI (+v)
2002 van Dam[25] : 0.50 (0.35, 0.72) 1.19
2003 Reunanen[26] | ——t—— (.92 (0.73,1.16) 289
2003 Saremif27] : + 0.81 (0.55, 1.03) 1.57
2004 Carlsson[28] : 0.65 (0.44, 0.96) 1.02
2004 Rosengren[29] € . - » 057 (0.26,1.29) 024
2004 van Dam[31] - > 0.69(0.31,1.51) 025
2005 Greenberg[32] e + ! 0.37 (0.22,0.64) 0.54
20068 Hu[23] —_— 0.61(0.49,0.768) 322
2008 lso[33] -+ : 0.58 (0.37,090) 073
2006 Paynter{34] - —— 0.91(0.70,1.18) 227
2006 Paynter[34] : —t— 0.77 (0.61,0.99) 264
2006 Pereira[35] — 0.79 (0.61,1.02) 234
2006 Smith[36] = + ; 5 0.50 (0.26, 1.40) 0.22
2006 van Dam[37] +* I 0.53 (0.41, 0.68) 242
2008 Hamer[38] - 0.80 (0.54, 1.18) 1.01
2008 Odegaard]39] + 0.70 (0.53,093) 1.96
2009 Fuhrman[£0] :—:— 0.75 (0.58, 0.97) 234
2009 Kato[41] " + . 0.40(0.20,0.78) 0.33
2009 Kato[41] : —¥ 0.82 (0.60,1.11) 1.64
2009 wan Dizren[5] T +— 0.84 (0.65,1.08) 240
2010 Boggs[6] -:—-i-— 0.83(0.69,1.01) 427
2010 Oba[7] & 0.70 (0.44,1.12) 0.7
2010 Obsa[7] B 0.69(0.49,0.98) 1.29
2010 Sartoreli[g] Tt 0.76 (0.59, 0.98) 241
2011  Hjelvikg] —_—— 0.63 (0.58,0.69) 2055
2011 Zhang[10] — 5 0.75(0.44,1.37) 048
2012 Floegel[11] | 0.77 (0.63, 0.94) 387
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) 13865

S —
RV Overall (Fsquared = 54.2%, p = 0.000) {b 0.71 (0.68, 0.74)
D+L Overall <> 0.71 (D.67, 0.76)
T T T = 1 T
3 4 £ 8 1 1.2
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Coffee and caffeine intake and incidence of type 2 diabetes
mellitus: a meta-analysis of prospective studies
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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

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)

SNP HR (95% CI) P
Interaction
TCF7L2Jrs12255372 (n cqees ‘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) (. 0.97 (0.91, 1.04) 0.98 (0.92, 1.04) 0.97 (0.88, 1.08) 0.67
cases ‘M mw]}b (2.546/6,439) (2.919/6,475) (781/1,585)
TCF7L2 157903146 (n cgges  CC (3,197/8,196) CT (3,622/7,896) TT? (977/1,879)
M 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) (. 0.98 (0.92, 1.04) 1.00 (0.94, 1.06) 0.90 (0.81, 0.98) 0.90

b
cases 1 total)

(2,539/6,500)

(3,002/6,659)

(835/1,630)

GIPRs10423928 (n pages/n

total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coftee (125 g/day)
Olive oil (10 g/day) (n
total)
WFSIfrs10010131 (1 cpses/n

total)
Whey-containing dairy
(150 g/day)
Cereal fibre (10 g/day)
Coftee (125 g/day)
Olive oilb(]U g/day) (n

ses-llitatal)
5163171 (7t cases /7t
total

Whey-containing dairy
(150 giday)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n
cases ‘7 total)
KCNQI rs163184 (1 opges
total)
Whey-containing dairy
(150 giday)
Cereal fibre (10 g/day)
Coffee (125 g/day)
Olive oil (10 g/day) (n
cases /7 total)
KCNQIT rs2237892 (n cases
/1 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 (0.88, 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)

1.38 (1.02, 1.85)
(283/657)

AA (1,185/2,773)

0.9 (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)

—€(13/38)

0.51

0.55
0.92
0.050

0.95

0.72
0.49
0.27

077

0.18
0.75
0.56

0.59

0.69
0.22
0.97

0.56

0.81
0.27
0.07



-NapatnpnBOnkKe oTATIOTIKA onuavTikn aAnAenidpacn tou GRS
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Multivariable-adjusted HR (95% CI) stratified bylgenetic risk score

d p value for the interaction

of each dietary factor with incident type 2 diabetes in the EPIC-InterAct study (n=18,638)

3 . a
Genetic risk score

P
0-3 4 5 6 7-10 Interaction
# cases'™ total 642/1710 1188/2890 1684/3780  1509/3331 1147/2326
Whey-containing dairy 0.96 (0.86, 1.09(1.03, 058093, 1.00(0.95  L03(0.96, 050
(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, 097093, 097094, 096(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 124972776 972/1984
Olive oﬂb (10 g/day) 0.88 (0.75, 0.98 (0.B8, 0.97(0.B8, 0.96(0.88, 0.98(0.89, 027
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 Bpetavoi (3733 pe Statpodikd dedopéva)
diabetes risk: The Airwave Health Monitoring Study - Anuoupyia GRS and 87 kowoug SNPs

- Enidpaon ota enineda %HbA1c kat otov kivbuvo
Rebeca Eriksen! | Rachel Gibson™? | Maria Aresu® | Andy Heard® | Queenie Chan® | SIJ-deVLGHC 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°
B 95% ClI P-value ;) 95% ClI P-value il 95% CI 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.

dAdjusted 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 -’
Casas/Subcotiort OR a%cl 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.

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

“‘HbAlc 26.5% and/or diagnosed with diabetes and/or glucose-lowering medication.
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ORIGINAL ARTICLE &Metabolism ____ WILEY

Gene-diet quality interactions on haemoglobin Alc and type 2
diabetes risk: The Airwave Health Monitoring Study

Rebeca Eriksen! | Rachel Gibson™? | Maria Aresu® | Andy Heard® | Queenie Chan® |

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

HbA1c (%)

Interacting variables n i 95% ClI P, teraction
Alcohol categories

Mo 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; HbAlc, glycated haemoglobin.

*Beta-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.

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

£>2 units of alcohol/d.



Endocrinology, Diabetes
ORIGINAL ARTICLE &Metabolism____ WILEY

Gene-diet quality interactions on haemoglobin Alc and type 2
diabetes risk: The Airwave Health Monitoring Study

Rebeca Eriksen! | Rachel Gibson™? | Maria Aresu® | Andy Heard® | Queenie Chan® |
Evangelos Evangelou® | He Gao® | Paul Elliott® | Gary Frost!

TABLE 3 The effect of genetic-diet interactions on HbA1c acrosq genetic risk tertiles,|the 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 s 95% Cl i 95% Cl P
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 -01,01 -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

100¢g)
| 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 0.556

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

ECoefficients represent per 1 point increase in DRV score.
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- 7098 ouppetéyovreg, 4,8 £tn follow-up
- NapépBaon yia MedDiet
- CLOCK gene: kipkaSeLoc pub uog

Table 1 Demographic, clinical, lifestyle and genetic characteristics of the study part

cipants at baseline acc

rding 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 (12.0) 77.1 (12.1) 754 (11.5) <0.001
BMI (Kg/m?) 300 (38) 300 (39 297 (38) 0.030
Waist circumference (cm) 1005 (10.3) 1006 (109) 993 (10.3) 0.002
Female sex n, % 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 (48.9) 0.291
CLOCK-rs4580704 n, % 0570

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 (31.5) 1129 (33.1) 349 (34.4)
SBP (mm Hg) 149.1 (20.8) 1496 (20.7) 149.5 (21.0) 0676
DBP (mm Hg) 835 (11.1) 83.5 (10.9) 830 (11.0) 0.389
Heart rate (bpm) 715 (11.1) 714 (11.3) 70.7 (10.8) 0117
Total cholesterol (mg/dL) 2089 (37.8) 211.2 (39.0) 2100 (36.2) 0417
LDL-C (mg/dL) 129.2 (33.7) 1300 (34.0) 1296 (32.7) 0635
HDL-C (mg/dL) 538 (13.7) 536 (13.9 54.5 (14.3) 0.224
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) 978 (29.9) 0510
Saturated fat (g/d) 252 (9.2) 255 (9.3) 250 (8.9) 0313
MUFA (g/d) 489 (16.0) 49.0 (16.0) 486 (16.0) 0.832
PUFA (g/d) 158 6.9) 15.9 (7.2) 156 6.6) 0.380
Proteins (g/d) 923 (22.8) 926 (23.2) 93.2 (23.5) 0.558

by b et fsl—J\ 220 2 [iTa¥=} 220 0 [0 13 2200 [91 ) 0007

Adherence to the MedDiet (points)® 86 (2.0 87 (2.0) 87 20) 0.037
Alcohol consumption (g/d) 83 (14.4) 86 (14.1) 84 (14.6) 0.718
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

? 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
CcC 130 6088.5 214 1.00 (Reference) 1.00 (Reference)
CG+ GG 156 10727.7 14.5 0.68 (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

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

100

Fasting glucose (mg/dL)
E] 2

&

P, =0.014
P, = 0.009

CC (n=1284) €G [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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Mediterranean diet
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P<0.001
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Control group

HRY: ¢ carriersvs cc: 0-91 (95%C1: 0.61-1.33)
P=0.621 cc
HRZ: ¢ carriermvs et 0.95 (95%C1: 0.63-1.44)
P=0.818
T T T - .
1] 2 4 3 8

Time follow-up (years)




Genetic predisposition, Western dietary pattern, and the risk of
type 2 diabetes in men™
TABLE 3

Lu Qi, Marilyn C Comelis, Cuilin Zhang, Rob M van Dam, and Frank B Hu Interactions between dietery patterns and the genetic fsk score in relation to diabetes nsk”

Am J Clin Noetr 2000:89:1455-8. Printed in USA. © 2009 American Society for Nutrition ) Dhetary pu.Lh:m:qé

‘Western dietary patiern

=10 (r = 503) 0,79 (046, 1.38) 0LA1 {048, 137y L.O7 (.65, 1.76)
10-11 in = S04 058 (067, 1.44) 102 {069, 1.49) 140 (0.97, 2.01)
=12 (n = 1126} 1 1.23 (088, 1.73) 1.45 (1.06, 2.0%) 2.06 (148, 2.88)
<1 (n = 503) 1 (L85 (050, 1.44) LO7 (.65, 1.76) 126 (079, 2.11) .24 NS
10-11 in = HM) 1 075 (0,52, 1.07) (.81 (056, 1.18) 0.77 (0.53, 1.11) 021 —
=12 (n = 1126} 1 081 (0058, 1.14) 071 (051, 0.9%) 0.81 (0.5%, 1.13) 0.16 —
" The analyses were adjusted for age, BMI, smoking, alcohol consumption, physical activity, family history of diabetes, and total enerey intakes. Q.
quartile.
_ [ . ?Defined by counting the number of risk alleles of 10 single nucleotide polymorphisms from a genomewide association study, incleding HHEX
1196 AcBevwv- 1337 HaPTUPpWV (rs1111875), COKALT (r=T756992), IGFIBP2 (r4402960), SLO30AR (rs13266634), WEFST (rs10000131), COKN2A/R (rs564208, rsl10311661), TCF7L2
- A poste riori dietary patter ns (rs12255372), PPARG (rs1801282), and KON (1s5219),
,  Values are odds ratios (954% Cls) calculated by using an unconditional logistic regression model.
- GRS amd 10 SNPs

Odds ratio
= r
o tn M W

0.5 4
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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 Renstrém,' Géran Berglund,® Peter M. Nilsson,®
Leif Groop,” and Paul W. Franks'*

17 SNPs
16003 Mn-6Lapntikol,
KQTOYWYNG

Participant characteristics stratified by level of physical activity

(n = 16,003)
Physically Physically

Variable inactive active P
1 3,455 12,548 —
Sex (M) 22871168 B 115/4,433 0.097
Baseline age (vears) 4.7 £ 7.3 45.7 £ 6.8 < (.01
Baseline BMI (kg/m™) 246 £ 37 242 £31 (.01
Baseline fasting glucose

{mmolI1) 487 £ 048 481 =049  =0.0001
Baseline 2-h glucose

{mrmol/1)* 867 £ 154 564 + 144 0.480
Baseline glucose

regulation (NGRAIGR)  2,585/870 9,601/2,047 0.038
Developed diabetes

0.003

{nofyes)

2,068/497

10,982/1, 566

YoundLkAg



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 Renstrém,' Géran Berglund,® Peter M. Nilsson,®
Leif Groop,” and Paul W. Franks'*

TABLE 2
Tests of association and gene * physical activity interaction for 17 polymorphisms on IGR risk (vs. NGR) and 2-h glucose levels (mmaol1)
Main effects (OR or B-coefficient) and P values (for main effects and interactions)
Crverall | —— Physically inactive Physically active
IGR risk 2-h glucose IGR 2h IGR risk (OR, 2-h glucose IGR risk 2-h glucose

MR LGN L I P value) (B-coefficient, P value) (OR, P value) (B-coefficient, P value)

CDENZAMB (rs10811661)% 108, 0.084 0.02, 0.432 0.015  0.013 0.81, 0.187 -0.12, 0.064 1.12, 0.0075 0.06, 0.070
HNFIB (rs44307T08) L.02, 0361 0.02, 0.6517 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 0776 (.88, 0.087 -0.01, 0.877 L.0G, 0.221 0.01, 0.717

Jmen e 3] T T T, oy T (.06, 0.540 0.01, 0.798 L.0G, 0.0565 0.05, 0.047
WFS] (r=10010131) 1.03, 0.231 -0.01, 0.651 0140  0.082 0.96, 0.456 -0.08, 0.087 1.05, 0.082 0.01, 0.748
TCF7L2 (re7903146) 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
ADAMTES (rsd607103) 1.03, 0.351 -0.02, 0,420 0.1566  0.784 0.84, 0.420 -0.01, 0886 1.05, 0.138 -0.02, 0.405
CDKALJT (rsT754840) 1.06, 0.024 (.04, 0.049 0222  0.716 1.14, 0.033 0.02, 0.6569 1.04, 0.165 0.05, 0.051
CAMEID (r=12779700) 1.03, 0.308 0.01, 0.633 0238 0.753 0.96, 0.665 -0.00, 0.978 1.05, 0.143 0.02, 0.665
NOTCH2 (rs10023031) 1.11, 0.013 (.04, 0.190 0313 0.281 1.20, 0.042 0.12, 0.129 1.08, 0.002 0.03, 0.471
KCNJIT (r=5219) 1.04, 0.144 (.04, 0.047 0391 0874 1.06, 0.148 0.04, 0.391 1.03, 0.388 0.04, 0.072
THADA (rsTaT8507)* 1.04, 0.357 -0.03, 0.511 0472 0484 0.08, 0.858 0.02, 0.774 106, 0.240 0.03, 0.358
IGFBP2 (rs4402060) 1.10, 0.002 0.02, 0.012 0.627 0.871 112, 0.057 (.06, 0.289 1.08, 0.014 (.06, 0.025
JAZF] (rs864745)* 1.04, 0.154 (.05, 0.008 0830 0435 1.06, 0.384 0.08, 0.078 1.04, 0.263 0.04, 0.034
HHEX (r=1111875) 1.08, 0.005 (.05, 0.024 0862  0.802 1.08, 0.220 0.03, 0.485 1.08, 0.010 0.05, 0.031
MTNRIB (rs 10830863 1.18, <0.0001 0.06, 0.009 0,812 0300 1.20, 0.004 0.10, 0.067 1.18, < 0.0001 0.05, 0.048
TEPANE (reTOG1581) 1.04, 0.141 0.02, 0.053 0080 0857 1.04, 0.602 (.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 (mmoll 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 * 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. $This result has previously been reported (14} Fasting glucose and type 2 diabetes data also have previously been reported in this
cohort for MTWRIE (15). Associations with type 2 diabetes have been reported for all other SNPs (100



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 Renstrém,' Géran Berglund,® Peter M. Nilsson,®
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2hr glucose (mmaolll)

—f—

GG GiA A,
(n=4B3) (n=810) (n=348)

Genotypes

GIG G4, AlA
(n=2,120){n=3,441){n=1 420)

FIG. 1. Interaction between the HNFIH rs4430796 variant and physical
activity on 2-h glucose levels in 8,600 Swedish middle-aged men and
women. B, physically inactive; (], physically active. Data are means
adjusted for age and sex, Error bars are 35% CIs. P emerion = 00008,
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Genetic variants near the IRS1 gene, physical activity and type 2
diabetes in US men and women

M. A. He,

Table 1 Associations between SNPs 1522813 and 2943641 and type 2 diabetes in NHS and HPFS

NP Genotype  NHS (women) HPF& (men) Meta-analysis
Cases Controls Crude OR povalue  Adjusted pvalue  Cases Controls Crude OR pvalue  Adjusted g ovalue  OR (95% CI) o value
(n=1,467} {(r=1.754) {95% CI} OR (95% CI) (n=1,124)} (r=1298) (95% CI) OR (95% CI)°
1522813 GG TE4 (53.4) 1,003 (57.2} L.00 - 1.00 - 550 (4897 691 (53.2) 1.00 - 1.00 - - -
GA 581 (39.6) 630 (359 118 (1.02-1.37) 0.03 1.25 {1.03-1.51) 0.02 470 (41.8) 510(393) 116 (098-1.37) 009 121 (1.00-1.46)  0.06 123 (1.07-1.41) 0003
s LTVl O e T A 1Y LOE 0 g3 1 Az oo Lalinga 1 74y 0gn TV R SO e LAY 1S gian 1 e nns Lagone 1 os o0 L2001 01 1 £y 0nad
Additive - - 110 (099-1.23) 0.09 L17{1.01-1.35) 0.3 - - 116 (1.02-1.31) 002 119 (1.03-1.37} 0.019 118 (1.06-1.300 0.002
izl
2943641 CC G2 (437 T2 (413) L0 - L.on - S10(45.4) 539 (41.5) 1.00 - 1.00 - - -
T 636 (43.4) TOE (45.5) 090 (0.77-1.04) 016 091 {0.75-1.113 036 489 (43.5) 570 (4390 0.9] (0.76-1.08) 026 092 (0.76-1.12) 041 0.92 (D.80-1.05) 0.218
T 190 (13.0) 234 (13.3) 091 (0.74-1.14) 042 0.83 {0.62-1.113 0.2] 125 (11.17 189 (14,60 0.70 (0.54-0.90) 0.006  0.67 (0.50-0.90% 0,008 075 (0.61-0.92)  0.006
Additive - - 094 (0ES-1.04) 0.23 091 (080-1.047 0.8 - - 0BG (0.76-096) 0009 OUBS (0.74-0.97) 0016 D88 (DE0-0.9T) 0,003
mdel

* Adjusted for age, BMI (five categories), family history of disbetes (ves, no), smoking (never, past or current), alcohol (five categories), menopausal status (pre- or post-menopansal [never, past or current
hormone use]; women only), guintiles of physical activity (MET h'week for men m HPFS, h'week for women in NHS) and quintiles of energy-adjusted polyunsaturated fatty acid:saturated fatty acid ratio, and
mtakes of frans fat and cereal fibre



Diabetologia. 2011 June ; 54(6): 1579-1582. doi:10.1007/s00125-011-2123-7.

Genetic variants near the IRS1 gene, physical activity and type 2
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Interaction of single nucleotide polymorphisms in ADRB2, ADRB3, TNF, GHRL - change in moderate-to-vigorous PA

IL6, IGFIR, LIPC, LEPR, and GHRL with physical activity on the risk Leu72Leu (n = 355 Met allele (n = 105)
of type 2 diabetes mellitus and changes in characteristics of the 0
metabolic syndrome: The Finnish Diabetes Prevention Study 1
Tuomas O. Kilpeldinen™*, Timo A. Lakka™”, David E. Laaksonen™®, Ursula Mager®, :
Titta Salopuro®, Agata Kubaszek®, Boryana Todorova®, Olli Laukkanen®, Jaana Lindstrom®,
Johan G. Eriksson®f, Helena Himaldinen®, Sirkka Aunola®, Pirjo Ilanne-Parikka™, = -2
Sirkka Keinéinen-Kiukaanniemi*-', Jaako Tuomilehto® "™, Markku Laakso®, Matti Uusitupa® =]
for the Finnish Diabetes Prevention Study Group - 3
]
o
- g
*  Finnish DPS =
*  Noayvoapkot pe IGT § = R
s  MapakololBnon yia 4,1 £tn 5 P < 001 - 3 opddes DA
BWPA 1st tertile (<1 6 hiwk) - AnoteAéopoata
g ®mPA 2nd tertile (0.3 hiwk) 1 ,
OPA 3rd tertile (2.6 hiwk) ou , £T0UG
Tahle 2 -8 T[ap‘c-P-BaGr]C
Baseline characteristics of participants in the Finnish DP3 P for interaction® = 0.001 - Agv mapatn pl"]el’]KE
Charaterlstic :::"" at baseline o LeuT2Leu (n =353 Met allele (n = 104) g;igﬁ::g
n
Ape (y) 55470 i
Weight (ke) 863 & 143 a TipoG Tov 2A
BMI (kg/m”) 313445 g 2
‘Waist circumference (cm) 101.2 = 11.0 g
Fasting plasma glucose (mmol/L) 6107 5 -3 1
2-h plasma glucose (mmol/L) B9x15 H
Fasting serum insulin (mU/L) 14773 "E' -4
2-h serum insulin (mU/L) 954 + 655 =
Energy intake (kcal) 1767 + 527 % 5 P= 380
Total fat intake, energy adjusted (g) 722+ 127 % ’
Sarurated fat intake, energy adjusted (g) 328+ 8.2 = 5 P= 00
Fiber intake, energy adjusted (g) 19.9 + 6.6 = u PA 15t tertile (=1.6 hiwk)
Total PA {hiwk)" 5.7(3.149.3) 71| ®PA 2nd tertile (0.3 hiwk)
Moderate-to-vigorous PA (h/wk) 1.7 (D.5-4.0) 0O PA 3rd terile (2.6 hiwk)
Low-intensity PA (héwk) 3.0(1.2-5.9) 8

P for interaction® = 0,008



Interaction of single nucleotide polymorphisms in ADRB2, ADRB3, TNF,

IL6, IGFIR, LIPC, LEPR, and GHRL with physical activity on the risk 01 AA (n = 253) C allele {n = 207)
of type 2 diabetes mellitus and changes in characteristics of the )
metabolic syndrome: The Finnish Diabetes Prevention Study 0.08 4
Tuomas O. Kilpeldinen™*, Timo A. Lakka™”, David E. Laaksonen™®, Ursula Mager®, E‘ 008
Titta Salopuro®, Agata Kubaszek®, Boryana Todorova®, Olli Laukkanen®, Jaana Lindstrém®, e
Johan G. Eriksson®f, Helena Himaldinen®, Sirkka Aunola®, Pirjo Ilanne-Parikka™, E
Sirkka Keinéinen-Kiukaanniemi*-', Jaako Tuomilehto® "™, Markku Laakso®, Matti Uusitupa® E 0,04 4
for the Finnish Diabetes Prevention Study Group = 002
2 | —‘
£ 04 GHRL
g 0,02 A. Change in
é o4 =0 P80 total PA
0- Lys109Lys (n = 183) Arg allele (n = 276) ht ] B. Change in
] J
. T | e g e e
E -2 a4 OPA 3rd terile (3 4 hiwk) vigorous PA
E 01
£ =l A P for interaction* = 0.005
g o AA (n = 253) C allele (n = 207)
o
F=63
g .
= =
2 P=020 2
% 4 4 mPA 1st tertile (-3.2 hiwk) E
- B PA 2nd tertile (0.3 hiwk) = [
B PA 3rd tertile (3.4 hiwk) &
-10 & ]
P for interaction* = 0.017 ‘ﬁ' B
E P = 567
H -
LEPR— Change in total PA O 0064 mPA 15t tertile (-1.6 hiwk)
S .08 - B PA 2nd tedile (0.3 hiwk)
' 0 PA 3rd terile (2 6 hiwk)
01

B P for interaction*® = 0,024
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Physical activity modifies the effect of SNPs in the SLC2A2 (GLUT2)
and ABCCS8 (SUR1) genes on the risk of developing type 2 diabetes

T. O. Ki]pelﬁjneu,l T. A. Ln.kka,l" D. E. Laaksonen,"? O. l...m.ll;lmnen,3 I. Lindstrim,* J. G. Eriksson,**
T. T. Valle,* H. Himiiliiinen,® S. Aunola,” P. Ilanne-Parikka,® S. Keinéinen-Kiukaanniemi,!%!!
J. Tuomilehto,“>'? M. Uusitupa,'* M. Laakso,” for the Finnish Diabetes Prevention Study Group

Table 3. Association of SNPs IE SLC2A2 with the risk u! d&velaeinﬁ npe 2 diabetes I!ccording to thirds of the change
in moderate-to-vigorous physical activiry

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

=13 (13510 -0.1) 0.5(—0.1 to 1.3} 26(13 1o 144) P for Difference P for Interaction?
Relative risk of conversion 1o type 2 diabetes (95% CI)
SLC2ZAZ 155393 (A/C)
AA (n = 374) 2,67 (1.25-5.70) 223 (1.13-437) 1 0.010
Callele (z = 105) 0.26 (0.05-1.27) 0.43 (0.12-153) 1 0.082 0027
Conversions (%), AA vs. C allele 36 (30) vs. 7 (19) 35 (29) vs. 8 (22) 12 (9) vs. 6 (19)
Relative risk of conversion 1o type 2 diabetes (95% CI)
SLC2A2 155394 (CIT)
CC (n = 387) 267 (125-5.72) 225 (1.14-241) 1 0.010
T allele (n = 52) 021 (11.04-1.19) 037 (0.10-142) 1 0.064 0022
Conversions (%), CC vs. T allele 37 (29) vs. 6 (20) 36 (28) vs. 7 (21) 12 (9) vs. 6 (21)
Relative risk of conversion 1o type 2 diabetes (95% Ci)
SLC2A2 155400 (C/T) (T110)
CC (n = 356) 242 (1.11-5.29) 237 (L17-478) 1 0.023
T allele (n = 123) 0.67 (0.18-2.58) 051 (0.17-153) 1 0473 0057
Conversions (%), CC vs. T allele 33 (29) vs. 10 (23) 34(29) vs. 9 (21) 11 (9) vs. 7 (19)
Relative risk of conversion to type 2 diabetes (95% CI)
SLC2AZ rs5404 (GIA] (T198T)
GG (n = 387) 262 (1.23-5.60) 227 (1.15-445) 1 0.011
A allele (n = 92) 0.22 (11.04-1.23) 0.37 (0.10-1.40) 1 0.068 0022
Conversions (%), GG vs. A allele ;
Table 6. Associarion of SNPs uI ABCCE and KCNJI11 with changes in 2-h gluc031 concentration according to thirds of the
change in moderate-to-vigorous \phystent 5
Change in Moderate-1o-Vigorous Physical Activity,* hiwk
—15(-13.5w —0.0) 0.5 (-0.1to 1.3) 26 (13 10 14.4) P for Trend P for Ineractiont
Charge in plasma 2-h glucose, mean * SE, mmold
ABCCSE rs3738947 (G-28B6A)
GG (n ~ 270) 0.15+0.23 ~0.50=0.18 ~0.58:+0.18 0.020
A allele (n = 207) =0.640.20 =0.36:0.20 =0.28£0.19 0.224 0015
Charge int plasma 2-h glucose, mean + SE, mmold
ABCCH 153758953 (A-1273G)
AN (n — 123) 020038 =0.53:0.28 =098£0.26 0.021
G allele (n = 354) 042-0.16 034015 021+0.15 0.369 0.001
Change in plasma 2-h glecose, mean * SE, mmold
ABCCE 151799859 (A/G) (R1273R)
Aallele (n = 146) 083-033 ~0.1820.23 ~049:0.26 0.004
GG (n = 331) =0.74£0.17 ~0.46:0.16 =041%0.15 0.158 0.002
Charge int plasma 2-h glucose, mean + SE, mmold
KCNJIIs5219 (T/C) (E23K)
TT {n = 126) =0.15£035 =0.10£0.25 =033£0.26 0.702
C allele (2 = 351) ~028+0.18 ~0.610.16 ~045+0.15 0.502 0435

Table 4. Association of SNPs i

change in moderate-to-vigorous physical acitvr

nlABCC8 and KCNJ11 with the risk of developing type 2 diabeies Iwcording to thirds of the

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

—L3 (135w —0.1) 05 (-0lwl3) 2613w 14.4)

# for Differenos

P for Interaction

ABCCSE 13758947 (GFA)

GG (n = 272)

A allele (n = 207)
Conversions (%), GG vs. A allele

ABCCH 1s3758953 (AG)
AA(n = 123)
G allele (n = 356)
Conversions (%), AA vs. G allele

ABCCS rs179983% (A/G) (R1273R)
GG (n = 332)
A allele (n = 147)

Conversions (%), GG vs. A allele

KCNJIIT 55219 (TIC) (E23K)
TT {n = 127)
C allele {n = 352)
Conversions (%), TT vs. C allele

Relative risk of conversion to type 2 diabetes (95% CI)

3.65 (1.60-8.33)
1.04 (0.31-3.46)
32 (38) vs. 11 (15)

1.42 (0.71-2.84) 1
2.25 (0.76-6.68)

1
25 (27) vs. 18 (27) 13 (14) vs. 5 (8)

Relative risk of conversion to type 2 diabetes (95% CI)

5.16 (1.51-17.6)
1.32 (0.59-2.99) 1.72 (0.83-3.3T) 1
18 (47) vs. 25 (21) 13 (30} vs. 30 (26) T v 11 (9

Relative risk of conversion 1o type 2 diabetes (93% CI)

1.80 (0.67-4.85) 1

3,60 (1.72-18.2) 2.40 (0.84-6.91) 1
0.85 (0.39-1.87) 1.61 (0.80-3.25)

1
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)

9.81 (1.53-63.1)

1.28 (0.64-2.57)
11 (30) vs. 32 (26)

5.99 (1.46-24.7) 1
1.26 (0.65-2.46)

0003
0.972

0.012
0.548

=0.001
0.814

0.006
0.498

0.007

0.128

0.111

0.203

Table 5. Association of SNPs

if SLC2A2 with changes in pl 2-h gl
change in moderate-to-vigorous PRysical acitvl

14 (30) vs. 29 (26) 3(7) vs. 15 (13)

ation accbm‘iﬂg to thirds of the

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

—L5(—135t —0.1) 0.5(—0.1wl3) 26(13w 14.4) P for Trend P for Interaction?
Change in plasma 2-h glucose, mean *+ SE, mmoldl
SLC2AZ 55393 (AJC)
AA (n = 373) ~0.17+0.17 ~0.22+0.15 ~0.46=0.15 0222
Callele (n = 104) ~0.80+0.29 ~1.24+0.23 ~0.01+0.27 0.077 0.013
Change in plasma 2-h glucose, mean * SE, mmoid
SLO2AZ 155394 (CIT)
CC (n = 18%) ~0L18+0.17 ~0.24+0.15 ~046+0.15 0233
T allele {n = 92) —0.87+0.31 ~1.19+0.24 ~0R+0.28 0.070 0023
Change in plasma 2-h glucose, mean *+ SE, mmoldl
SLC2A2 55400 (C/T) (T1L0D)
CC (n = 355) ~0.26+0.17 ~0.18+0.16 ~0.46=0.15 0414
T allele (n = 122) —0.42+0.27 ~1.22+021 ~0.05+0.25 0.375 0.016
Change in plasma 2-h glucose, mean * SE, mmold
SLC2AZ 155404 (GIA) (T198T)
GG (n = 385) ~0L18+0.17 ~0.23+0.15 ~046+0.14 0231
A allele (n = 92) ~0.93+031 ~117+0.24 0.01+0.28 0.048 0016
Change in plasma 2-h glucose, mean *+ SE, mmoldl
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 0022
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Associations between chronotype, MTNR1B genotype and
risk of type 2 diabetes in UK Biobank
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Table 3. Odels ratios and 95% Cls for type 2 diabetes, separated by rs] 0830963 genotype and chronotype

Model 1 Model 2 Model 3 Model 4
Exposure QR [95% CI) P R OR [95% C) P R OR (95% CI) P+ " QR [95% ) P s
ral Eenotype
[ 1 0.056 1 0.05% 1 0.063 1 0.184
CG 1.10 4 0051E-8 1.10 3.881GE-8 1.10 (1.08, 4 1039E-8 1.10 1.1282E-T
(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.T255E-8 1.21 5.6032E-9
11.12, 1.27) [1.12, 1.27) 1.23) [1.14, 1.29)
| Chronotype |
Definitely 1 0.058 1 0.05% 1 0B5 1 0.184
morming
More morning 084 2.3055E-10 0.84 2.82TTE-10 0.84 (0.80, G.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 0.765% 1.00 (0.95, 0.833 106 0.012
than morning (0.96, 1.05) [0.96, 1.05) 1.04) [1.01, 1.12)
Definitely 1.38 0.0ED 1.37 0.0ED 1.34 (1.26, 0.0ED 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 investipating the asscciation 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.
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Table 4. foj Odleds rafios and 953% Cls for the association belween MTRNR1B rs ] 0B30963 genotype and type 2 diabetes,
separated by chromotype. (bl Odds rafios and 95% Cls for the assooation between chronotype and type 2 diobetes,

separated by the MTNRIEB rs1 0830963 genotype

Chronotype

Definitely morming

rsl0830963 genotyvpe QR [95% CI)

More morning than evening

OR [95% Cl)

More evening
than morning
QR [95% Cl)

Definitely
EvEning
OR [95% CI)

(a)

CC [reference group) 1
oG 1.17 [1.08, 1.25)

1
1.11 (1.04, 1.18)

1
1.05 (0.98, 1.12)

1
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)
rs 10830963 genotvpe
cc cG GG
Chronotype QR [95% Cl) OR [93% CI) OR [95% CI)
(b)
Definitely morning (reference group) 1 1 1

More morning than evening

More evening than morning

Definitely evening

0.98 (0.92, 1.035]

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

0.93 [0.86, 1.00)
1.01 [0.93, 1.08)

| 1.23 (1.10, 1.38) |

0.59 [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.
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Table 3—Adjusted ORs of type 2 diabetes and adjusted s of HbA, . w'r‘h each additional copy of the MTNR1B Grisk allelelacross
categories of current work schedule

Type 2 diabetes HbA . (mmol/mol)
Type 2 diabetes case/control subjects, n/n  OR (95% CI) | Py N B (95% CI) Pt
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% CI) of type 2 diabetes per each additional copy of the MTNR1B G risk allele or adjusted ps
(95% CI) describing differences in HbA,; 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. Py is log
likelihood ratio test comparing models with and without cross-product interaction terms (MTNR1E and current work schedule) including
main effect terms in logistic or linear regression models adjusted for the aforementioned covariates.
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Table 4— Adjusted ORs of type 2 diabetes and adjusted s of HbA v}‘rth each additional copy of the MTNR1B G risk allelela Cross

categories of morningness-eveningness preference
Type 2 diabetes

HbA+c (mmol/mol)

Type 2 diabetes case/control subjects, n/fn  OR (95% CI) Piat N B (95% CI) Pt
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% Cl) of type 2 diabetes per each additional copy of the MTNR1B G risk allele or adjusted ps
(95% CI) describing differences in HbA,; in mmol/mol per each additional copy of the MTNRTB 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 (MTWR 18 and
momingness-eveningness preference) including main effect terms in logistic or linear regression models adjusted for the aforementioned

covariates.
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Associations of Combined Genetic and Lifestyle Risks
With Incident Cardiovascular Disease and Diabetes
in the UK Biobank Study

E Type 2 diabetes

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

e —
-
| —
5 S T —
-
10 15 20 25

HR (95% CI)

JAMA Cardiology Published online June 27,2018
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