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Introduction

« Dairy Is widely consumed source of vitamins, minerals, but also
saturated fat and sodium

« Studies suggest health benefits for dairy consumption on type 2
diabetes —
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letary recommendations

e Have some dairy or dairy alternatives (such as soya drinks); choosing lower fat and lower
sugar options

390 g/day for men, 325 g/day for women



-nterAct — EPIC substudy on Type 2 Diabet¥se Z

« 8 European countries, 26
centres

« Mean follow-up 12 years

« Case-cohort design

Random sub-cohort

N = 15,375

Discover how genetic and lifestyle
behavioural factors, particularly diet
and physical activity, interact in their

influence on the risk of developing type
2 diabetes

Diabetes cases

N = 12,403

-act.eu; InterAct consortium. Diabetologia 2011



.airy consumption and type 2 vumc (/7
labetes- EPIC-InterAct

Country HR (95% ClI)
France 1.18 (0.52, 2.67)
Italy 1.21 (0.65, 2.24)
Spain —— 0.82 (0.64, 1.05)
United Kingdom 1.27 (0.66, 2.42)
Netherlands 1.18 (0.75, 1.87)
Germany 1.12 (0.75, 1.66)
Sweden —a 1.08 (0.85, 1.38)
Denmark 0.97 (0.77, 1.23)
Overall (l-squared = 0.0%, p = 0.689 1.01 (0.89, 1.13)
Lower diabetes risk ™
05 HR1 2 Country HR (95% CI)
France - 0.77 (0.30, 2.01)
Italy 0.93 (0.58, 1.48)
Spain - 0.91 (0.71, 1.16)
United Kingdom 1.11 (0.58, 2.15)
Netherlands = 0.65 (0.39, 1.09)
Germany —_— 0.79 (0.55, 1.15)
Sweden . 0.79 (0.63, 1.00)
Denmark e 1.03 (0.81, 1.32)
0. 88’ 0.78- 0.99 Overall (I-squared = 0.0%, p = 0.684 <> 0.88 (0.78, 0.99)
.. Lower diabetes risk igher diabetes risk
Sluijs et al. AJCN 2012 0.5 3 5

HR
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/leta-analysis dairy consumption V'™ (7

nd diabetes risk

« 22 prospective cohort studies
— 579.832 individuals and 43.118 diabetes cases
— Total dairy consumption 111 — 400 g/day
— N=16 on total, low-fat and high-fat dairy
— N=11 on milk intake
— N=5 on fermented dairy

Gijsbers et al. AJCN 2016 8
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otal dairy consumption and
diabetes risk

Relative %
Authar Year Country  Gender fsk (55% CI)  Weight

I
Zong 3014 China  Man/Women - | 0.65 (0,53, 0.BO0) 1.50
Elwoad 07T UK Man * : 0.76 (047, 1.32) 0.28
Kiri 3009 Japan  Women — - ! 0.55(0.73, 1.00) 2.43
Dlaz-Lopez 3015 Span  Men/Women —-—i 0.55 {075, 0.87) 3.31
Ly 3006 USA Women —! 0.56 (0,52, 0.96) 6.28
Grantham 3013 Australla  Men/Women — - 0.59 ({077, 1.04) 2.67
van Dam 3006 USA Women — 0.96 {0.89, 1.03) 6.7
Margolls 3011 USA Women —_- 0.97 {0.93, 1.00) 10.77
Ericson 3015 Sweden  Men/Women - D.98 {0.95, 1.01) 11.54
Chen - HPFS 3014 USA Man —— 0.99(0.85, 1.02) 10.90
Sius 3012 Euope  MenWomen —— 0.90(0.94, 1.04) 9.2
Chen- NHSI 2014 USA women - 0.99(0.96, 1.02) 1134
Chen - NHS 3014 USA women - 1.02(099, 1.04) 1133
Stk 2013 Denmamk  Men/Women —— 1.07(0.93,1.23) 2.94
Kiri 3003 Japan  Men —i——t— 1.06(0.95, 1.23) 3.30
Soedamah-Muthu 2013 UK Menwomen —— 1.10{099, 122) 4.3
Loule 3013 Australla  Men/Women ' 1.12 {076, 1.64) 0.4
Overall {Fequared = 56.4%, p - 0.000) {t‘,& 0.57 {0.95, 1.00) 100.00

|
NOTE: Weights are from random efects analysls :

| | | |
4 3 5 1 12

Relative risk |_8_97; 0.95-1.00

Gijsbers et al. AJCN 2016 9




.ow-fat dairy consumption and
labetes risk

Author

Margolls
Diaz-Lopez
Liu

van kam
Netieton
Loule
O'Connor
Chen - NHS |1
Soedamah-Muthu
Chen - HPFS
Chen - NHS
Struljk

Ercson

Overall [Fsquared = £3.0%, p = 0.000)

Year

2011

2015

2006

2006

2006

2013

2014

2014

2013

2014

2014

2013

2013

Country

USA
Spain
USA
USA
USA
Australla
UK

USA

UK

USA
usA
Denmark

Fweden

Gender

Waomen

MenAdomen

Wamen

Wamen

Menfdomen

MenAY omen

Menfyomen

Wamen

Menfdomen

Men

Wamen

MenAdomen

Menfyomen

HOTE: Wedghis are from random effects analysls

Felative

risk {35% CI)

0.8 {0.70, 0.93)
[LE4 {0.71, 0.98)
[LE4 {075, 0.95)
[LE3 {D.7E, 1.00)
091 {0.71, 1.15)
0.93 {0.68, 1.25)
[.95 {0.52. 1.09)
0.97 {0.93, 1.01)
0.9 {0.86, 1.11)
0.9 {0.54, 1.03)
1.02 {0.99, 1.06)
1.04 {0.50, 1.21)
1.12 {1.03, 1.22)

0.96 (0.52. 1.00)

vVUmc (/¢

Walght

S.B5
537
7.7
TA7
2.91
202
6.10
13.30
6.99
1293
13.76
564
1022

100.00

Gijsbers et al. AJCN 2016

B
Relative risk

1.2

0.96; 0.92- 1.00

10
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Igh-fat dairy consumption and

|

labetes risk

Relative %
Author Year Country Gender risk (D59 CI)  Wieight
I
Diaz-Lépez 2015 Spain Men/Women - i 0.51 {0.28, 0.09) 0.61
Struijk 2012 Denmark Men/Women ! 0.75 [0.28, 2.15) 0.25
Ericson 2015 Sweden  Men/Women —— 0.87 [0.81, 0.83) 15.20
Montonen 2005 Finland  Men/Women —— 0.92 [0.80, 1.05) B.90
Louie 2012 Australia Men/Women - 0.02 [0.88, 1.28) 2.1
Nettieton 2002 USA  Men/Women =I 0.97 [0.62. 1.50) 1.35
Chen-HPFS 2014 USA  Men —— 0.09 [0.83, 1.07) 15.15
Chen-NHS 2014 USA  Women — 1.01 (0.85. 1.07) 16.81
Liu 2008 USA  Women . 1.01 (0.89, 1.14) £.78
van Dam 2008 USA  Women — 1.01 (0.90, 1.14) 9.89
Chen-NHMSIl 2014 USA  Women —— 1.04 [0.97. 1.11) 15.23
O'Connor 2014 UK Men/Women i - 1.28 (0.90, 1.83) 2.4
Soedamah-Muthu 2013 UK Men/Women i - 1.28 (0.83, 1.79) 2.32
Overall (-squared = 51.6%. p= 0.016) (} 0.98 (0.83. 1.04) 100.00
|
NOTE: Weights are from random effects analysis i
2 ' 1

Gijsbers et al. AJCN 2016

5
Felative risk
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-ptal milk consumption and vume (V7
abetes risk

Relative %

Author Year Country ender sk (95% CI)  Weight
i

Zong 2014 China MenWomen - : 071 (0.58, 0L.BE) 355
|

Emwood 07 UK Men * l 0,85 (0.66, 1.18) 205
|

Diaz-Lopez 2015 Spain MenWomen - E 0.90 (0.75, 1.07) 456

Kl 2009 Japan Worman * : 0,90 (.75, 1.07) 474

Fuhrman 2009 Puerio Rico  Men —-—i— 0.94 (0,90, 0.09) 15.84

Grantham 2013 Australla  Men'Women =E 0.95 (.78, 1.15) 3587

Soegamah-Muthy 2013 UK MenWomean E:I 0,99 (087, 1.14) 675

Vang 2008 USA MenWomen —Iq-— 1.00 (0.94, 1.05) 1524

Kl 2009 Japan Men il 1.00 (0.86, 1.16) 602
|

Shills 2012  Ewope MenWomen —i—ld-— 1.01 (0.94, 1.08) 1323

Ericson M15 Sweden  Men'Women —— 1.04 {1.00, 1.08) 17.83

Strulk 2013 Denmark  Men'Women * 1.07 (0.93, 1.24) &.11

Overal (l-equared = 57.4%, p = 0.007) 0,97 (0.93, 1.02) 10D0.D0

WOTE: Weights are from random effects analysls

T8
Relative risk
Gijsbers et al. AJCN 2016 2




qw-fat milk consumption and ~ vume (/2
abetes risk

Relative g

Author Year Country Gender risk {B5% CI) Weigiht

Grantham 2013 Australia MenWomen

0.80 {0.88, 0.98) 3.31

Liu 2008 LISA Women

-

0.81 (058, 1.12) 1.1

*

Diaz-lopez 2015 Spam  MenWomen 0.82 (D.68, 1.00) 3.33

Chen - NHS Il 2014 USA Women —— 1.00 (087, 1.03) 22865
I
|
Chen - HPFS 2014 USA Men —— 1.02 (0.28, 1.05) 22.50
i
I
Chen - NHS 2014 USA Waomen I 1.05 (1.02, 1.07) 24.61
I
I
Encson 2015 Sweden MenMWomen | 1.08 (1.02, 1.10) 2228
I
Crverall {I-squared = 71.6%, p = 0.002) <b 1.01 {0.97, 1.05) 100.00
I
I
i
MOTE: Weights are from random effects analysis :
| | I |
i 75 1 125

Relative risk
Gijsbers et al. AJCN 2016 13



.Jgh-fat milk consumption and ~ vume (/7
labetes risk

Author Year Courdry  Gender sk [95% CI) Walght

Wiiegas 208 China Wiomen — 062 (054, 0L72) 1305
Ercson 2015  Sweden  MenWomen —— 0.94 (056, 1.00) 15688
Kartonen 2005  Flnkand Meniomen —— 1.00(0.94, 1.06) 159
Chen-NHS I 2044 USA Women —Il— 104 (086, 1.27) 1120
Chen-HPFZ 2014 USA Man ——— 141097, 1.27) 1366
Chen - NHE 2014 USA Women ————— 142100, 1.26) 1439
Gramham 2013 Asmala MenWomen — 1.15(0.93, 1.41) 1057
Liu 2006 LISA Wiomen * 120 (0.76, 1907 458

Dilaz-Lopaz 2015 Spain MarViomen 134 (0.20,609) 055

L
S

Overall (l-5Quared = B4.1%, p = 0.000) 0.90(0.88, 1.11)  1D0.00

NOTE: Welghts are from random effects analysis

\

| | | | | |
5 - 125 15 2
Relative risk

-k

Gijsbers et al. AJCN 2016 14




-ermented dairy consumption aneume (2
labetes risk

Relative %

BAurthor Year Country Gender risk {B5°% Cl) Weight
i

Ericsen 2015 Sweden  MenWomen I 0.70 (0.8, 0.95) 18.46
E

Diaz-Lépez 2015 Spain  MenMWomen * : 0.80 (0.65, 0.99) 1541
1
i

Sluijs 2012 Ewope  MenWomen —— 0.93 (0.88, 0.99) 3501
|

Struijk 2013 Denmark MenWomen : . 1.03 (0.87, 1.21) 2057
i

Soedamah-Muthu 2013 UK Men/Women ; . 1.17 (0.88, 1.54) 10.55
i

Overal (Fsquared = 54.1%, p = 0.089) <j>::— 0.82 (0.83, 1.03) 100.00
1
I

MOTE: Weights are from random effects analysis i

T T ' T T T

a B 1 12 14 146

Relative risk
0.92; 0.83-1.03

Gijsbers et al. AJCN 2016 15
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K

Authar

Chen - NHS I
Chen - NHS
Chen - HPFS
Soedamah-Muthu
Dlaz-Lopez

Kirl

Overall [Hsguared = 61.7%, p = 0.002)

Year

2008

2013

2009

2013

2006

202

2015

2014

2014

2014

2013

2015

2009

Courtry

USA
Australa
Japan
Dienmark
USA
Europe
Sweden
USA
USA
LA

UK
Spain

Japan

Gander

MenWomsen

MenWomen

Men

MenWomsn

Wiomsn

MenWomen

MenWomen

Wiomen

Wiomsn

Klen

MenWomen

MenWomsn

Woman

ROTE: Welghts are from random effzcis analysis

risk [95% CI)

[LED (0.58, 1.15)
0.9 (0.50, 1.03)
0.93 (0,63, 1.39)
[L86 (0.38, 1.05)
[L97 (0.88, 1.06)
[0.98 (0.95, 1.00)
0,99 (0.98, 1.00)
1.00 (.97, 1.04)
1.01 {1.00, 1.03)
1.06 {1.02, 1.09)
1.06 (0.96, 1.17)
1.08 (0.99, 1.19)
1.10 (077, 1.84)

1.00 (0.9, 1.02)

Weight

053
154
o2z
3.80
3.53
17.00
19.50

1256

13.05
4304
378
019

100.00

Gijsbers et al. AJCN 2016

B i
Felative risk

I
12

1.4

1.6

1.3

16
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Sources of heterogeneity

Milk intake
« Asian versus European populations
« Adjustment for major confounding factors

Fermented dairy
« Stronger association among women

17



Underlying mechanism: vume (07
ardiometabolic outcomes

Figure2: Effects of whole & low fat dairy food on weight*

increased dairy usual diet Mean Difference Mean Deference
Stucy or Subgroup  Mean [kl SD fkol Total Mean [kgl SD (kg Total Weight IV, Random, 95% Cl[kg) IV, Random, 5% Cl [kal
Low fat
Gunther 2005 15 41 48 08 28 42 78% 0.70[-0.74, 2.14) —
Manlos 2009 14 3 26 -0.7 2 36 87% 210[0.77,3.43)
Chrichlon 2012 13 24 38 02 3 36 94% 160[035, 285)
van tellj 2011 1 26 35 07 26 35 98% 0.30(-0.92,1.52) e
Kukulan 2009 13 22 45 0 2 44 144% 1.30[043,217) e e
Chee 2003 0.04 25 9 016 26 82 16.1% -0.12(-0.30, 0.66] —a
Lau 2001 052 26 95 -0,26 2T 90 183% 0.78[0.02, 1.54) ——
Eamr 2000 12 25 a8 06 26 102 11.7% 0.50(-0009,1.29) 1%
Total (95% C1) 474 467 100.0% 0.82[0.35, 1.28] -
Whole fat

Stancliffe 2011 -0.4 2 20 14 48 20 26% -1.50 -3.78,0.78)
Falacios 2009 0.2 28 8 05 2 8 26% 0.980[1.37,317)
Baran 1990 14 3 20 02 31 17 35% 1.20-077,317)
Ghadirian 1395 0.1 53 & 04 59 77 4.0% 0,50 [-1.34, 2.34)
Zemmel 2005 04 25 17 02 2 16 53% 0201 38,1.789 S [
Eagon 2006 0.3 3 18 04 1.7 1B 54% -0.10 [-1.66,1.46) S——
Wennasberg 7009 -0.1 25 58 -01 26 A7 128% 0,00 [-0.94, 0.84) —
Targy 2009 0.4 2 20 05 02 18 144% -0.20 -1.08, 0.68] T
Monso 2009 1 2 45 02 22 55 159% 1.20 (0.28, 202 —
Benatar 2013 0.4 13 56 -02 1.2 S8 335% 0.60 [0.14, 1.05] —a—
Total (95% C1) 142 J46 100,00 0,41 [0,04, 0,79] -
Total (95% C1) 816 813 100.0% 0.60 [0.30, 0.90] &
Heterogenelty. Tauw®= 0.12; Chi*= 25.08, df = 17 (P = 0.09); F= 32% ‘ 12 2 4

Testfor overall eflect: Z= 3.83 (P < 0.0001) Favowrs increas=d dairy  Favours usual diet

* Total number =1628, 82% female, mean baseline weight 77.7 (SD 16.2) kg, median study duration 26 ({QR10-29 hweeks

No effect on glycaemic parameters, blood lipids or blood
pressure Benatar et al. Plos one 2013 13
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endelian randomization

Mendelian Randomization Study Randomized Controlled Trial
Eligible Population Eligible Population
SNP associated with LDL-C LDL-C Lowering Therapy
(Naturally Random Allocation of Alleles) (Random Allocation of Treatment)

l l l l

Lower LDL-C Allele Other Allele
Treatment Arm Usual Care Arm

(Treatment Arm) (Usual Care Arm)
[ awic | [ awic |
v Y h 4 A 4
[Incident Major Cardiovascular Events] [ Incident Major Cardiovascular Events]

19
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Ik intake and type 2 diabetes-
Mendellan Randomization

CGPS GESUS
Kruskal-Wallis P=2x10" Kruskal-Wallis P=1x10"°
14~
3
o) 12"'
3
2 10
(/)]
(7))
ST 8-+
L), @ £
2 -
« & @
£ 4+ &
2 ®
= D
0 N e .. -
CC TC T cC TC TK
N=22.354 N=4 265
N=3.599 N=36.587 N=728 N=6.819

Bergholdt et al. AJCN 2015 20
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‘Milk Intake and type 2 diabetes- (

Mendelian Randomization

Milk intake | Hazard/odds ratio N total N events
Glasses/week | (95% CI)
Type 2 0 & 1.00 20,046 404
diabetes 1-3 | ——e—— 1.22(1.04, 1.44); p=0.02 11,537 234
4-7 0: : 0.97(0.84, 1.13); p=0.71 18,601 305
8-10 e i 1.06(0.87, 1.30); p=0.55 7,990 131
>11 | 1.20(1.03, 1.40); p=0.02 13,750 281
any 4—0—! 1.10(0.98, 1.24); p=0.11 51,878 951
|
fat free | ——e—— 1.20(1.03, 1.40); p=0.02 15,193 272
high fat e 1.07(0.94, 1.21); p=0.30 36,685 679

» Genetic risk of type 2 diabetes perl glass/wk of milk intake:
0.99 (0.93-1.06)

21
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Table 2—Energy-adjusted phylloquinone and menaquinones intake and risk of

take of vitamin K2 and diabetes’

Umc (/¢

type 2 diabetes among 38.094 Dutch men and women

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P, cna Value Per 50 pg

Phylloquinone

Intake (pg/day) 100.1 155.7 211.4 308.1

Age-, sex-, waist-adjusted 1.0 0.89 (0.73-1.08) 0.95 (0.79-1.14) |0.89 (0.74-1.07) 0.35 1.00 (0.97-1.03) P = 0.92

Multivariate adjusted* 1.0 0.89 (0.74-1.09) 0.94 (0.78-1.14) |0.88 (0.73-1.06) 0.26 0.99 (0.96-1.02) P = 0.65

Multivariate adjusted 1.0 0.87 (0.71-1.06) 0.90 (0.74-1.09) }0.81 (0.66-0.99) 0.08 0.98 (0.95-1.02) P = 0.31
Menaquinones

Intake (pg/day) 16.0 24.5 32.9 46.1 Per 10 pg

Age-, sex-, waist-adjusted 1.0 1.03 (0.85-1.25) 0.95 (0.78-1.15) [0.86 (0.71-1.05) 0.07 0.95 (0.91-1.01) P = 0.060

Multivariate adjusted * 1.0 1.04 (0.86-1.26) 0.97 (0.80-1.17) 10.88 (0.73-1.08) 0.13 0.96 (0.91-1.02) P = 0.12

Multivariate adjusted f 1.0 0.99 (0.82-1.21) 0.89 (0.72-1.10) |0.80 (0.62-1.02) 0.04 0.93 (0.87-1.00) P = 0.038

Beulens et al. Diabetes Care 2010

22



robiotics and insulin sensitivity

Mean Difference Mean Difference
Study or Subgroup Participant Weight IV, Random, 95% CI IV, Random, 95% CI
Asemi et al, 2013 (16) 54 13.0%  -1.60[-1.87, -1.33] e
Asemi et al, 2013 (28) 70 13.9% -0.90 [-1.02, -0.78] -
lvey et al, 2014 (14)? 77 11.9% 0.24 [-0.17, 0.65] T
lvey et al, 2014 (14)® 79 11.8% 0.00 [-0.42, 0.42) N
Laitinen et al, 2009 (20) 136 12.8%  -0.41[-0.71, -0.11] -
Lindsay et al, 2014 (21) 138 10.9% 0.33[-0.18, 0.84] 1T
Rajkumar et al, 2014 (23) 30 13.7%  -0.77 [-0.94, -0.60] -
Rajkumar et al, 2014 (24) 30 11.9%  -0.45[-0.86, -0.04] -
Total (95% CI) 100.0%  -0.48 [-0.83, -0.13] <>

Heterogeneity: Tau? = 0.23; Chi? = 103.51, df = 7 (P < 0.00001); 12 = 93%* = 93%

Test for overall effect: Z = 2.68 (P = 0.007) -2 -1 0 1 2

Favours [experimental] Favours [control]

Ruan et al. Plos One 2015 23
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Take home message o
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Dairy consumption is suggested to be associated with a reduced
risk of type 2 diabetes,
In particular low-fat dairy and fermented dairy.

Substantial heterogeneity is present between different studies
and should be accounted for in recommendations on dairy intake.

Recent Dutch recommendations on maintaining an intake of 2-3
consumptions per day also apply to risk of type 2 diabetes.
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THANK YOU!




