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- DOHaD -
(Developmental origins of health and disease)
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ABRRY /N U FElisEBMIDHETE
adiposity rebound age and BMI

)80 2 FEERS
~ 3 Bl
| 1—4
20 /
ol 5
F5 / o 7
BM I / 8 <

12 711117 Tl — —
0O 1 2 3 4 6 6 7 8 9 10 11 12

3

J. G. Erikssonl, et al., Diabetologia 2003;46:190-194



BN VR ERBH R VRRRFIAD
adiposity rebound age and DM & obesity

BRESY /Sy R AERS 198 MR AR

(adiposity rebound age) :IZ*SBMl Inclde(ng/zjf DM
<4 20.1 8.6
5 17.9 4.4
6 17.2 3.9
1 17.1 2.9
>8 16.9 1.8
P <0.001 <0.001

J. G. Erikssonl, et al., Diabetologia 2003;46:190-194
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DOHaD
( Developmental Origins of Health and Disease )

“MAR(EFZERKB) DFERAL., ZFE. lBFH. b
R, ALRHICERFELERBEOHERETE A
n, HERODIAFTRAEFBROAWT THRARNHE
ET D, KRIICD_REZRTHRIET 2. AL

IEDIRTAOA BB THS”

- David Barker. 1986. -
| EIBD0OHaD3%. HADOHaDHELRF |

(BRFOTI3VT78. RHRIETFH. REAEY—/E. DOHaDii, FOADEX. )




FLRETE (1 991 -10) B4 g i D B BB FET-3E (1968-78)
Infant mortality

infent mortsity n England | [ oo g Mortality of Ischemic heart disease

and Wales 1901-10
90-100

7 100-110

110-120 n
) 120-130 '/\
130-140 e RS A /,.x_“f‘:-_;_g
140-150 ! *“

!.‘ b jd
5 Coronary Heart disease in men 1968-78

Redrawn figure by DJ Barker from Review of England and Wales Atlasu of Mortality from
selected Diseses in England and Wales 1968-78
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Ischemic heart disease and birth weight

120 1

B1%

—
=
O

a)]
o

RAEFETE

20 -

55 6.6 -7.5 -85 -95 >9.56

it
1.0 RV F= 453 ¢
5.5 =2500 ¢
9.5 = 43008

-5.56 -6.5 -7.6 8.5 -9.5 9.5

HERFE (FKK)
Osmond C. D. Barker, BMJ 307: 1519, 1993



EHAEEEIR(Low Birth weight babies) DSEE %%
(2009)

vy

iu"-

[

<

-4

”~

] 58%-6.7% ] 6.8%-7.8% W 79%-94% W 95%-122%

WWW.Kidscount.org/datacenter Project of the Annie E. Casey
Foundation



http://www.kidscount.org/datacenter

Al j#E (Obesity) D EE 9377 (2007)

2007
Age-adjusted percent of adults > 20 years old who are obese
0-26.2 26.3-27.7 B 27.8-29.1 B 202-308 M >309

CDC: National Vital Statistics System



*niigﬁ(DM)d)ﬂ:\E‘E%\ﬁ (2007)
(AR EA IV )
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757 i ¥ 8 2
p 7t \ . !
2007 = v
Age-adjusted percent of adults > 20 years old with diabetes

0-7.0 7.1-8.1 Bls2-90 MMo1-105 [HM>106
CDC: National Vital Statistics System



REEFRTOHEESM (2000—2006)

(FEZEAN L b : Stroke belt region)

deaths/100, 000

35- 96

97-105
e 106-114
- 115-125
W 125-195

Source: Centers for Disease Control
> National Vital Statistics System




A58 NDEZDH&EEH
(Dutch winter famine)
1944.11. — 1945.4.

|

NERDPOEREREFELITRARERTERRZ
RIETDVRIDNBNIEVSEE. BRAFZ
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Image Bank ww2:riads Ittute voor
Oortogsdocumentatie ( 11-05-1945 )



LEGEETICSFSRIE R 7hHEGKE

1) Bk Ischemic heart disease

2) (IE)¥ERH#= Type 2 DM

3) FEEMEME Essential hyperetension

4) AAR)yOFEIRB Metabolic syndrome

5) M#EZE Stroke

6) IEEREE Dyslipidemia

7) MR ERE Neurodevelopmental disorder

8) fth . .
( Non communicative disease )

de Boo HA and JE Harding. Austral New Zealand J Obstet
Gynecol. 2006; 46: 4-14.




HERBEDOETRFIICHAEEET HH?

(Is lowered birth weight really related with
adult diseases?)

- BEFRERZMERETF)?

specific genes?

- IBEDOFEE(environments)?

HERDSTA IRV DRIBEE?
(life style)?

HEFFNLIRE?
(socio-economic)?

- RREHAIRIE MRS 5 (DOHaD)
(developmental stage environment)?



RHEFE—IPER DR EH

a7
>
I

Low birth eight and metabolic abnormalities
in Discordant Monozygotic twins

n 13
E15 (SD)

Birth weight (kg) 2.138 (0.5)
Adult BMI 25.2 (2.6)
TG (mmol/I) 2.6 (1.73)
T.Chol (mmol/I) 5.8 (0.91)
Fasting glucose

(mmol/I 5.59 (0.99)
Fastin IN (pmol/I) 115.2 (67.8)
N AUC (minpmol/l)  47682.8 “49)23

2,631
29.8

1.35
4.92

4.94
49.2
28020.9

13

(SD)
(0.57)
(3.7)

(0.67)
(0.63)

(0.61)

(11.4)

(7043.8
)

*k k%

NS

*k k%
*kxk

k%
*k %k

%k k

%%k 1<0.001, **: p<0.01

Bo,S.,Diabetic . Medicine .2000; 17:365.
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Odd’ s ratio of male metabolic syndrome with birth weight

20

Hertfordshire study
(BMICEHE)

1.0 RVF= 453 g
5.5 =2500¢

]

9.5 =43008

15

Ay XLt

10

0 I »

-55 65 -75 -85 -95 >95

HEEE (RUF)
Hales, C N. et al. Br Med Bull 2001; 60 :5-20cXZ



BHERERBEEDZEIE (1951~2006)

Jpn trend of LBW incidence (1951-2006)

1
31
10 S h

N V.
D=

/ 4 l 87 %

HEF1265F ! |
534 | 2008: 9.58% |
O [ 1 e I e o o v |
53 2 8 & 2 3 9 g &%
56 & 8 & 5 & 8§ § &8
EHEHERR L

H 4 A B 25002 K BDR [ FREDET-282008ER ISV AR BT EERKE



BE(ZAT-LBWIHEEDOHR

Incidence of Low birth weight infant in Japan

1997

MW100< m90-10080-90" 70-80 <170
[FFFIRIBDE /- B#EI 2008 IS Y KX B HETHIEHE



BHEREREEI10%EBEDHR
Number of prefectures with more than 10% of LBW

B 11.0% <
B 10.0% <
14

12

o

H 7 10 12 14 16 18 20 22 23 (ERREE)



ZRIEHEERKREIR10.0 %WEBRDER

Number of prefectures with more 10% LBW in female

B 11.0% <
B 10.0% <
40
(LBW)
12
30
#

20

10

(ERAEE)



(%) BHEARERBED '—?—%llttiﬁ(zzﬂiZZfz)
T LBW incidence of Jpn prefectures(2010)

11 ________________________________________________________________________________________________ :
10 ...................... ——— S VAN VI r—— W ——— Y .
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[ T M a————. S ———



Birth weight (g)

108

ERIDEBREICH-HEFREERIL

Change of Birth Weight in 10 years in each BMI group

3750

3500

3250

3000

2750

*k*k

!

<185

18.59~24.9 =25

Preconceptional BMI

B {9924 (n=866)
O 20024 (n=628)

*kn<0.001
**0<0.01



1K H A (R E ED LB KR U ##% (OECD )

Trends and incidences of low birth weigh infants in OECD

[TE
oIl
-
MftH

10 Japan
] .
Spain

- OECD

6 M’-’PH-

h-_.\ . ."
4 #-...-‘..f =..l.'-f ”':-‘-JFH.—""#'"—-#_.’.H Sweden
2

1980 1985 1990 1995 2000 2005

Sourse:OECD Health data2009



OECDINBREIDEHERE RFELEOELR

(1980-2007)

LBW (%) (2007)

Figure 1.2.1. LOW DINN Welgnt InTants, Luurs (or latest year avallable)

(|
6.0
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6.2

¥
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BT
6.2
B8
B4
i
72
7
5
76
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i
ri
¥,
9_7% 8.3
a0
a7

, 11.3

Iealand
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Finland

Luxembourg [-z7.0

Korea
Ireland
Plarway
New Zealand
Paland
Canada
Metherlands
Australia
Switzarland
Denmark
Italy
OECD
France
Germany
United Kingdom
Austria
Czech Republic
Slovak Republic
Spain
Mexlca
Fortugal
Belgium

Fied Stafg
Gresce

Turkey (2003}

21.1

-21.2

1714

88.5%

| ]

16 10

Fercantage of newborns weighing less than 2 500 g

Source: OECD Health Data 2009

Statlink & =" http://dx.doi.org/10.1787/717583038273

100

150 200
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(NEMSDES)

Birth weight is falling in Japan

=1
F
Trends in mean singleton 5 31
birthweight (upper panel) £
and mean prevalence of .
low birthweight (lower
panel) 1980-2004. 2003
— 37
2
Eoa-
L

13Ea 1950 T 200
Yaar

Gluckman, Hanson and Fukuoka Lancet 2007;369:1081-2



AAAZEBMIND KR

Trend of Jpn female BMI (1947-1008)
(BM 1) (%)

24

60%
23

506%

99 40X

21 304%

206K

20

1947
1955
1963
1971

1976
1984
1992
2000

008

ERERE-RERNE(EFE)
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(Cal)

1900
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1700

1600

1500

0 ZEDIRILF—ENROIHR
Energy intake of 20s female (1995-2010)

| 20105F B 2K EIEEI#JI»#'—-EHI{IE:HII =)

1650 kcal

18895 18986 1887 1888 1888 2000 2000 2002 2003 2000
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Trend of female incidence under BMI 18.5
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E '_L'%O) ﬁB%DJl

examples of pregnant mother’s nutrition

(1) TRILF—ERDIKR

energy intake

(2) ZEEE folic acid
HiEE A EHES O F i
(for prevention of neural tube defect)

B FRBEOHEHIT DAFILEZHRE

(regulation of epigenetics as methyl-base donor)
DNA& R
(synthesis of DNA)




kcal

2600

2200

1800

1400

1000

iR OERDO)—HFRE

Energy intake during pregnancy

JELER  BTHR
2015 R E{EEE# 2004 | ]
2013 I W

IEIENE LY



BEMR (IER32:8) D TRV —EE R 57 (2004)

Distribution of energy intake (pregnancy 32 ws)

«4 50% BJL{E: 1767 Kcal
B (HEELHEE 2550 Kcal)

o)

\

30

2

10—

ff ‘_\ n=181

0.00 200000 31:]':]':] 0a 401:]1:] aa

—EIEHS(I*)W?—( Kcal ) (., 84K, i, xHF 2007)




SHHEDLEWEROTb— RARE

Distribution of ketosis without complications during pregnancy

%
30

25
20
15

10

12 20 32 36 4w-p
b8 B (W) (n=198)
Ketosis: 3HB+AcAc =124umol/L



A2 EFAHMEE NTDs : Neural tube defects
—S9WHEEE Spina bifida MEBNEE Anencephaly

};
‘/

Dura Matar__

Speal Cod -]

Spaa! Flud —

'\.ﬁ .<
CDC-NCEH99-0463



MR EAHNEOHER

Incidence of NTD in the world

20t [EINE] [— & HE])
=N YA Y
15}
e Mexico
5F “lillllllllly
0 P " > N 2 g ) g 3 N 3
74- 8- 87- 92- 97-2002  74- 8- 87- 92- 97- 2002 Japan

81 8 91 9 0f 81 86 91 96 01
ICBDSR annual Report 2004



X 7% 39 2 B (20 328 )

Distribution of serum Folic acid level (preg.32ws)

3
=

50% #AJL : 3.6 ng/ ml
¥ £SD:4.4 £3.2 ng / ml

(%0)

Hﬂﬂﬂnﬂ T

12 14 >15

2 4

Folate (ng/mL)
AFIEBB{EEDOE LMEE— RBRICTIES /LELR?



IR & MIFRESRTA > (FEIE32:8)

Relation between folic acid and homocysteine (preg, 32ws)

Homocystein { & mol/L)

0 25 5 7.5 1IEI 12I.5
Folate (ng/mL)



TDRESATALVit B12

BT YRE

Relation between Vit B12 and Homocysteine during preg .

(uml/L)
24
L 2
71 20 } 20
:E L 2
~ P MFE3
> 123 363
A 16l 16 |
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A g IS «* o
S * o
¢ L 4
8 Al
8 .: * L 4 . ’0 <
3 . F L .
< 4 L 4 L 2 ®» ¢
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0 L I I | | | | 0 ‘ ‘ ‘ ‘ ‘ ‘
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Vit B12 ( pg/ mL )



IED xR T1099 X (epigenetics )
&
One carbon metabolism



RIEFOWRREZRMT S A FILEDHRH

( One carbon metabolism )

HEBIHR  AFTF=RWR FAFNEERR

ATP MAT X
% SAM
{TMP DHF Methionine D,NA
‘> istone
dUMP THF <D|methylglycme Others
SAH
5,10 Methylene —p VB12 Betaine
THF nalacm
S~ 5 Methyl THF Homocystelne

Adenosine
VB2 Serine
VB6

cysteine «— Cystathionine



DNADXIES / LEIE

Epigenetics of DNA modification

_14ED RNA Pol
< Gene activity
ﬂ Exon1 Exon 2 Active

CH,

MeCP2/ HDAC / HMT -1 _ anmt

Exon 2 Inactive

o AFIVECPG @ = methylated CpG
FEAFILIECPG O = unmethylated CpG

Graham C Burdge Br J Nutr. 2007.



EXFERADIES/LEILE

Epigenetics of histone modification

ac ac ac ac
Acetylation of histones (ac)

Methylation of I(ﬂgﬁ Aon I5I3

EXR- I)’)D’E@LEO)@ Active gene cH,

HDAC1-mSin3 complex

MeCP2 / HDAC / HMT -l_ Dnmt

Di- & Tri-methylation of H3 L

ysine 9
(H3K9-m2 and m3 ) %

Inactive gene
Graham C Burdge Br J Nutr. 2007



ZhHBME-BBEETRE TR SLine 1 1 BIFDAFILIE]

(%)

methylation

)

Methylation of Line-1 CpG sites in spina bifida and
cephalic malformation

100

80

60

40

0 xiHg 0 —HBEME a EEEIE "
% - p<0.05 & |
. % %: p<0.001 i %
k% i i
Kk
B
Kk
f Lﬂ k%
2 3 4 5 6,7 8,9 11,12

Line-1 CpG site

Wang L., AmJ Clin Nutr 2010;91:51359-67



52 R7RY 2 Retrotransposon

(A) TLTR (long terminal repeat) L rOFS 2 XA > 1(8%)
type LTR retrotransposon ( 8 % )

(B) TFELTR #LFOFSU AR V]

“LINE : long interspersed nuclear element" (21%)

% D aif ATT2 p L. I~
CBUAE T R B T S Ty e
SRR e Y

=

“ SINE :short interspersed nuclear element” (13%)

R B A W I WS S R B
[X. AluBd¥ T13%% Zao



LINE-1 A FIVLE EEHFMARESRTA Y
Methylation of Line 1 promoter region CpG

and homocysteine level in cord blood

E ] ]

i LINE-1:long interspersed nucleotide element-1
80.00

+

q I fEHEmARESRATSA2(umol/L) :10.8 £3.8

< B4 1 1fn 5% 3EE& (1 mol/L) :15.8£3.5

g 76.00

g " I ﬂ ] l y=-05206x+ 77.285

b

= J I P:0.001

= _ 0.

:E 72.00

w

=

-l 68.00 -

c

©

Q

=
64.00

5 7 9 11 13 15 17 18 21 23

Plasma homocysteine (pmoliL)
Anthony A. Fryer,et al.,Epigenetics 4:6, 394-398; 2009



IFRP DEBHRANRE
IB(10-195%) D HIMEKGRAF JLILE

Methylation of leucocyte GR promorter region and maternal stress

4.00 -
n=8
3.001 T
2.00 -
n=3
n=18
1.00 n=15 0=9
0.00 -
IPV + -  + - +

23] a3l yaglt]
IPV:intimate partner’s violens

* 1 p<0.05

A FIVEE

KM Radtke, Citation: Transl Psychiatry
(2011) 1, e21,



ERPBHRECATAVRED ST

distribution of t. Homocysteine (preg. 12 & 36ws )

30
Normal range :< 5.9 ug/L
25
0 20 | .
(%) YE4R1 238
15 ] Preg.12ws
10 - ] 1T iR3635E
Preg.36ws
5 ]
777777777777777

1 3 5 7 9 11 13 15 17 19 21 23

RESATAL2(THet : pmol/L)



REBICH=FNEEHEFREROFERU T £ HKEDORE

Relation between academic capability and birth weight in each prefecture)

= N6 : 20084)
E; Elementary school 6th grade:2008) N
2 1: ‘
D
s " o i
| H ¢© ]
it ]
=
Iﬁ\
e e T
EHEAREROBEE (%) EHHERE(Z) 19965

INRER, KT FHROBERRDODAREEZR . BARFEMEHME 2009;588:67THE.



%HIEME (Preemptive medicine)

BOETES - RS .
REDETEEL HF#X Hiroo Imura

\

=l BT AFOAA

.
L4
O

FETERTHA )
I;'%
B D 7R— MRFE T — & hiEL D 2L

k E% o CEBIR—N ~20%
L . L 40EMLEOREIR— ~50%
1)

(FHi1akAt : BEintt=CHITDHIEERDOHEE, 2011)



BRAREZERR)IRRERFSEERZTRNY.
BRIOIRCETKE

1) BAREERXIYT

(FAHEREELLTHRAEI VOV TREE)
2) BAELWSAIRESLIVOTEIL

3) ERER

(FEhEEFEHZ AL REERESHIREA)

4) ERYEMOUERMER

(BE-#BFv—FDF)

)

0) BWITE-FADMAENETP
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Thank you!
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