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[Abstract] Objective To evaluate the association between birth weight and subsequent risk
of type 2 diabetes (T2DM) across two generations in Chinese females. Methods A cross-sectional
survey was conducted among 10 324 blood-related females in Shanghai from November 2012 to
January 2013. A structured questionnaire was used to collect data about demographic information,
birth weight, lifestyle factors and diagnosis of T2DM. Path analysis was performed to estimate the
maternal effect of birth weight and diabetes status on their offspring, and mediation analysis was
conducted to test whether birth weight mediates the association between maternal and daughters’
diabetes status. Results A positive association was observed between maternal and daughters’ birth
weight. One kg increase in maternal birth weight was associated with an average of 0.335(95%CI:
0.307-0.363) kg elevated birth weight in female offspring. Maternal diabetes status was also related
with an average of 0.066 (95% CI: 0.025-0.107) kg increase in birth weight and tripled risk of
subsequent T2DM (OR=3.173,95%CI: 1.946-5.174) in female offspring. In all subjects aged =20
years, no significant relationship was observed between birth weight and risk of T2DM subsequently
after adjusting for age. Offspring’ s birth weight, as a mediator of maternal and daughters’ diabetes
status, explained 2.8% of their association. Conclusion Maternal birth weight and diabetes status
may influence their female offspring’s birth weight and subsequent risk of T2DM.

[Key words] Birth weight; Diabetes type 2; Cross-generation

DOI:10.3760/cma.j.issn.0254-6450.2015.02.002

eI H - EREHT AL TR AR Sk A FR 5T H (GWDTR201204)

FEH H07:200032 11, B HR AL TUAE 22 BETA Tk 2 202 (WREG R (KA IRERZT) 5 1Tl BA T DRI T80 B s i vt O 40 ™ 3 Bk
AR B B RFNAL TR 2GR Y ST 0 2 (F2 [ )

WEEH AL, Email: wanghong xu@fudan.edu.cn



A RATIR A E2015F 2 BE 363 E 28 Chin T Epidemniol .February 2015, Vol.36,No.2 <111 -

Bl A +E e 28 0 e AR 1 O AR DL R Ak
PEFR TN , T2DM FRYAIE 5T 80 L IX L 5% A% 31 4 Jig
R, REIEEEY,MEENERAIARSH
T2DM S KU T 9=, R A B fif ULt
(fetal origins of adult disease hypothesis) ', AHE4
A L E SRR 5 0135 R R T g2 & Je
% T2DM i Pl I B2 R A SRIA
P R IERAE D E N E A R ER AR
T2DM g5 [ Fhk 5 2 5 T AR AR . Wl
o8 bR 28 1Y 5 AR B A B AR IR AT T2DM &
A AU S 2 G I 33 2 5 AR 22 T2DM &9 KL
oz o, S 2 T v, DT S 35— B A 2R 0 AR
BB IR ] BE SR TR E 22 AR M T2DM A%
F T EZER AR AR RS IR AN BT
AR 5 RARHOAT BB S ECHL S AR AR E S fin A
T2DM & 35 KB 3G Iy R 2R R 124 M1k, 3K
& F H AR 5 T2DM 58 H /0, KZ R 3L F
D3 52 P B TR A3 B A e B AR PR DGR
MBS R B A HOE . I ARBFTE LA BT 10 324
HEARGRFRN 2 ~ AL NI 4, LR BE
R R A R e R AR E S T2DM AR
BROGHEK

W57 %

LAFFERT G 76 BT AT X 13 A48 X AR AR
Sl IR RE N B R A H R M R K2 ~ 4
RA s BT R V8 A . HEBR IR0 & 356
LRRFEREHEEH . 2012411 H 22013 4F
1 A i3 888 P pE S 10 324 44 4otk Hodb 2 1R
JEE 1354 7, 3AR5EBE2 520 P LA BE 14 P70 AWK
PEA I At o H AR NS DA 2R AR PR D 2 T AT
FEARAG AT VAR G2 0175 [R) 2

2. B R R R B A 5 B ORI o 7 T =X
HEATECHRISCAE o FREFUIA A% A X B A i e — A
A ) B4 7T o R A R R R S A E
RIMZFR2 ~ 4R — N D220k AR
BB A2 A RE A A SR 2B
o R S AT IS SE O s R A RO LARBGR AR AE
(1996 4 Z i Hh A H AR N K FK g ek ., 2
Je A DL AR R SR AR ) 5 AR O AR
N RN PR 0 42 T P )X e O R 1) B
AR WO B AT B AR
B BMI A WHR[WC (cm) /Rl (ecm) |,

3. Giit g

(1) %t 4 24 55 OG5 73 B - >R FH EpiData 3.1 £/
G ABE, H SAS 9.2 FABEA T2 A 4t K Bds
PN R KSR | logistic [T 4B | FR il S
2R (RCS)PIG o)™ LR MR (GLM) i 2237, IF
iz FH R3.1.0 Quantreg X -6 47 43057 2 0l A 437 o
AW 2 ~ AR YR o it 22 2 AR T 4B, 3
AN 6 436 ¥Rk, Horh By 10 58 3 (BB 2 B2 MU
ZJL)2 548 N, KRB HrTiE R 1.

R AR B IEILE

A gtk Rk

O GLM(J™ UML) 5147
5 QR LA ImNI)

@ Q@ GLM( XM 5991

@ logistic [} 4945

@ RCS(FR#IPESE TRESS) 7386

TR

(2)AESIHT < AR 53HT FH LA 56 A AL e 1] Ji
PR 25 SR 1) B2 sl (R B80T, TP 45 Sl AR X ek
ARk AR B (AR E A ARG IR B AR
A= ACE S AT 39 T2DM A 520, 2R Mplus 6.12 ¢
AT AR BT A S8 28 AR AR E & T2DM (i
S 3 759 XHREL gy ABERL SR I DR 25 Y U5 AR
(RMSEA) | b3 # & 45 %% (CFI) 1 Tucker-Lewis 5
(TLD 3 M EAR PN SR A RER

(3) WA BN 53 AT - A A2 1 (Mediator) & H 22
S PR AR A R A B AR S e A AR
At AR AR AU AR TR B
T2DM 5 7 £ T2DM iy /- A K , i2 A1 R3.1.0
Mediation FR AL 58 B AH AT B 1Y 4 525 XBk
AT AN 3T

(4) SUBNE ST - BEBUITA kST (1) B4 3 3 902
X AT BB S BT, ATTAL B 10y 55 52 5 40 A 0 #r
SRR

5 R

1. FEAERAE T A 6 436 XHE 4, BERS-H 4R
1% (56.84+15.9) %, Tt (31.2+15.5) % . 5 F0H
Lt BB SCAL R BERAR, W AR 2 AR B
S MFAM, B AR E X 5 AT AR,
BMI 5 WHR & F 78, 2 AE 2 i 22 R e gei 27
B (P=0.584), BT 54 533 A(8.3%)
179 N(1.3%) H S 2 Wr 84 T2DM(K 2) .

2. BEAR S AR A AR Y SRR R REAR R AR



<112 - TR AT R 2475 2015 4E 2 H 45 36 5:45 2 Chin J Epidemiol, February 2015, Vol.36,No.2

®2 UG PAOEREARIE A

moH B(n=6436) THn=6436) PH
IEIE (2 xts) 6435(56.8415.9) 6436(31.215.5) 0.000
SCARRREE 0.000
INER LR 2350(36.5) 1145(17.8)
wir 1 581(24.6) 1067(16.6)
= 1251(19.4) 1372(21.3)
KEKU T 1253(19.5) 2 852(44.3)
HAEZE T (v ts) 4745(39.5+1.3) 5409(39.5+1.3) 0.584

HUE AT (kg,xFs) 5 189(3.040.4)
A B ii(em, x£s) 4 949(49.611.6)
BMI(kg/m’,x%s)  6428(23.3+3.2)

5991(3.1+£0.4)  0.000
5716(49.9+1.6) 0.000
4944(21.9+£2.9) 0.000

WHR 6413(0.9+0.1)  4934(0.840.1)  0.000
VTR 106(1.6) 70(1.1% 0.013
R 216(3.4) 149(2.4") 0.002
AL R 2209(34.3) 2299(37.1") 0.001
T2DM 533(8.3) 79(1.3" 0.000
e Il s 1 672(26.0) 326(5.3") 0.000

VE - AR S AN B A B R AL (%) 5 ¢ SRR
AT 5 L

AR LS GLM, Z0 M B 5 AR H A 1A
I, RN, B AR E AN ke, T
R A A S 24 38 0.335 kg (95% CI: 0.307 ~
0.363).

20 R Bl 3 5 o0 b o 45 SRR
FEACH B AR TR 3G 1 kg F 30 AR 2B AR Y
7 AR B B A R A IR A S R R TRl T S5 56
20 ~ 40 53 T AR AR (k) B9 A8 AR I B d5e /)
BAE B H:959%CI 43 5124 0.319(0.290 ~ 0.348) ,0.315
(0.291 ~ 0.339) £10.318(0.297 ~ 0.339) , X F55 10,
50,6070, 80 F190 433 Tt A= # & & 1 0.333
(0.298 ~ 0.368) .0.339(0.310 ~ 0.368) .0.365(0.335 ~
0.395) .0.394 (0.359 ~ 0.429) . 0.388 (0.351 ~ 0.425)
#10.356(0.307 ~ 0.405), WK 1,

B)

A (

#
=
~
=

T

f=4

(o8}

w
T

=

|83

(=3
T

1 1 1 1 1 1

01 02 03 04 05 06 07 08 09
TACH AR 1 o A 4

VE S0 A FR 1 B BCREI PR T AR 1 kg, TR 2R
IRIEIAEAL) , TR X I 2275 95%CT; A BB THHE TS HI A 4R
B1 RS FACHARR S SC R 1 A A H 3B
3. BEAR T2DM 5 1R A (AR EE 14 IR SR R 8
FEAT N R B, B CH T2DM 5 AR H A A i 2 ) R
7R 2 OCHR (P=0.543) . AR A 4RAUUS ,
B £ £ T2DM 1) 747 3 A2 1R & (Lsmean) -y

A A (kg) [ 2

3.201 kg(95%CI:3.162 ~ 3.241) , ¥ £F 3£ JC T2DM
FAUAY 3.135 kg (95%CI: 3.124 ~ 3.147) 5 0.066 kg
(95%CI:0.025 ~ 0.107) (P=0.002) . i — & 4% +):
FEOCACRRIE IR AR AR B G S R, 45
T B AE Ak

4. FLAL T2DM 52 574X T2DM 5 9 56k . DL =
20 2 B AHE AT, L7 T2DM s o8 IR AR 1, 4%
FEAG T2DM AR A8 5 40 A logistic A1 IH 4
5 R W oR , BEQT2DM 52 51 AUAE 9] T2DM 2
L IE X (OR=4.806,95%CI:3.003 ~ 7.691) . ik
— P AU A 4EAUE , OR=3.173 (95% CI:
1.946 ~5.174) .

5. AR S T2DM [5G : R H logistic [l
ik B =20 % WA X RN AT T . R AR A
WS HTRE S AR T, BUAR I A8 T2DM AU 2
TR (P=0.000), ARG N kg, BUAF
J& B T2DM (1 KRS ~F- 2 B ik 46% (OR=0.540,
95%CI:0.416 ~ 0.702) . WAL G, KIWL —FH =2
)4 e it 5 (P=0.526) . DLIE 2.,

201

18k — VAR, SRS P=0.000
16k~ T MERY S, RS P=0.526
14+
12+
10}
08}
06}
04}
02}
ook . . oo, T
14 18 22 26 30 34 38 42 46 50 54 58 62
HZEARE (kg)
X434 =20 % 5 ORMEAELL 3.0 kg B R EFEN S

s

B PR I% ORI

B2 AR AR ] T2DM R

6. ARHT : A5, B A ARGF ( =0.074,
P=0.786; RMSEA<0.001; CFI=1.000>0.90;
TLI=1.006>0.90) . M Z 0 KNI ) o] LA
B AR R AR S IR RS, 4528k
o B A R E TR AR R R ) s R (Gl
T F2E=0.367), WK 3,

7. AR HT B T2DM X748 T2DM (1
ELHERZ I A 0.043 0(95%CI: 0.023 8 ~ 0.065 9) , 3 2t
TAR AR R T AR ™ A A [R] 422 52 Sk -0.001 2
(95%CI:—0.002 7 ~—0.000 1), T8 H A= 1A= &R 43
A5 TR T2DM 57X T2DM 1 8k, F1R
ARG IS T A R 2.8%, WLIE 4,

8. BTN/ VEHL 3 902 Xyt ~7 f£ Lo g A Tk
T AT, A5 R B AR R EE AN 1 kg, AR



A RATIR A E2015F 2 BE 363 E 28 Chin T Epidemniol .February 2015, Vol.36,No.2 - 113 -

BEAR
BE BRI N

20,128 \(-0.001~0.043)
(-0289~0033) N\ :

N\
\

A

Y UL T ~ERE i
W [€0.343~0.391) | i A phc (-0.605~-0.151) 4 [R5

T 455 T BB 2R AR R BN 95%CI; 5L 2k 2o 3l A
HASIT24E L (P<0.05) , & Fn il i E R C e it2¢ 8 L (P>
0.05)

B3 HiAEAES T2DMACERIeE A i 1e 1K

0.0430
FRACBE R (0.0238 ~0.0659) TR RS
-0.0012

(-0.0027 ~ -0.0001>

AU AT

U - Lk R BN, M R A B

B4 BHCS T T2DM BRI A S4BT
AR S 0.377 kg(95%CI:0.338 ~ 0.416) ;
P A AR RS L 7 T2DM s R L TG
T2DM 5 F 89 AR 1R - 24755 0.063 kg (95%
CI: 0.019~0.107) ; 45 T2DM 5 3% 18 1 4F 1
T2DM AU 2 JC T2DM 52 & 1A 4.097 £ , 4%
T AR W R 4E AV JE OR=3.189 (95% CI: 1.953 ~
5.207)c 20X Hor AR (R AT T2DM iR
T EEREY 2 709 XL TSR ST, R IR
B RAF, W8 R B g R O] B 22 55 th Ay
RO A3 B 4 A 7, G E T2DM X 48 T2DM
) ELFERZ I M 0.047 3(95%C1:0.024 2 ~ 0.073 9) , i
1 AR AR AR T TG T2DM SRR 0 4 [ 322 52 1)
-0.001 3(95%CI:-0.003 3 ~-0.000 1), AJ Vi, fif
TR 3 B 285 S A B A AT 5 SR TG 3 U

15 I Y

B, S A AERE R IE N, 50/
AR 2", AR R A, AR
D AP B it e 1) 1A, IR AR E A2 B R A AR EE Y
SRR, HR, RS T2DM AU U A
PREA G, i H -5 AU T2DM A7 1238 560k 1445
53T 9 [H Biobank £l 73 M & LR BRI R T2DM
5 F 4 A R TS i (0.059 kg; 95% CI: 0.050 ~
0.068) X =5 T2DM K[ (OR=3.69; 95% CI: 3.52 ~

3.88) A KMLER—F™, ABFIE BN, 75 il A7 i
25, AR E 5 R4 J5 T2DM A4 otk B A L
GoiteE Hk ., ML HTF 2058 & B3 5 07 1) ¢
B2 A R A R U R MR
AREE(<2.5kg) SRt EKREHR (>4.0 kg) kK/E
T2DM (W fEks ¥ .

WA E—2 o AR A IR AR
AR T IR, TR T2DM s ) AR A R
i 1] T JC 52 Wi (P=0.053) , {H7E S &/ ARE, BEAR
T2DM 56T H A R (1% 5 (LA ok 8.3, 3l
#2805 0.060(P<<0.001) ",

R A T 7P N S AV L RA R NI R AW
T2DM 5 7R 1) T2DM HA- IR 2wl Ak 35 — & ¢
X1 2.8% , W o T o E B 2 LAY 1.29%

AT RN T B A 1R EE e T2DM A
ARBEXTFACH S, 7 b AR AR s 1 B
T2DM 12 5 718 T2DM H ik 22 18] 1) 1F [8) S B, to 5k
JEUL, A A AR R 2 LR T2DM AR P L R
{ERIREE RN R R AR A — A MR 2B R o s [R]
T2DM 9 £ AR g i 552, mT BB R AT - (DA 5%
X E RIL(>4.0 kg) B AR AR HIL(<2.5 kg)
AL ANE 5% , 123850 ANERY AR R 5 T2DM 1 ¢
AREIS 2N 740K P ; @T2DM Sl A AR, ARt
T2 , W AKE R 5 R HCHT AT ABISY , 7T BE
IRAG A AR T SRR S 1 Gl . A A,
FEoE RS R AR, v SE A BB ARE S
P LS BAN LTI e s 55 , X Lo PR R AR AT filg i i
S A ML R BOL AU AR K, T2DM
I U T i .- Little ™ FL7E 1987 AR st 1, BEAA T
R o 5t A% RN B N IR ) AR S i RO
FRERRERR GG A S E N LTSN
eI S PSS —E REE . AR T S5 0 PR AU
Z I AR PR S M A= 2L 38 7R , A R TE
FIpNG XN PNty MBS A N PN A D P
AT

AR AAFTE BRI, 58—, AR R 2E
i [ M B 77 2RI, U2 £y AN ] A, AH G
T FEIA Ry 3 T 5080 AR B XN 25 52 e 5080 7 o
P02 B8 <40 SRS 44.8% , T K
AT AE B R AR AR , 72 3T =20 22 T2DM XL
WSz EsF, AT Rl DR Sk — S 2 X6 G oA K o A 8 T A7 A
— B R EE AUARAR 55 =, B TR R Lok, T
BT A R AR E 5 B IR BT AR 52 e 5 2
LU N S TR = N R SR N R =



<114 - HARR AT R 2475 2015 4E 2 45 36 5:45 2 Chin J Epidemiol , February 2015, Vol.36,No.2

T2DM J& A= Y B [0 56 Je W B, (ELAE DAL AR O 2R 1
iR LA —E BRI

Z % X o

[1] IDF. IDF Diabetes Atlas[M]. 6th ed. Brussels: International
Diabetes Federation,2013.

[2] Whincup PH, Kaye SJ, Owen CG, et al. Birth weight and risk of
type 2 diabetes: a systematic review[J]. JAMA, 2008,300(24) :
2886-2897.

[3] Norris SA, Osmond C, Gigante D, et al. Size at birth, weight gain
in infancy and childhood, and adult diabetes risk in five low- or
middle-income country birth cohorts[ J]. Diabetes Care, 2012, 35
(1):72-79.

[4] Chen ML, Fang H,Xu WH. Malnutrition in early life and risk of
type 2 diabetes [J]. Chin J Endocrinol Metab, 2014, 30 (3) :
247-249. (in Chinese)

WAt oL, 7 n, R, AR A AN RN R S 2 BRI [T ). vk
APy tis A 2014,30(3) : 247-249.

[ 5] Barker DJ, Gluckman PD, Godfrey KM, et al. Fetal nutrition and
cardiovascular disease in adult life[J . Lancet, 1993,341(8850) :
938-941.

[6] Chan JC, Malik V,Jia W, et al. Diabetes in Asia: epidemiology,
risk factors, and pathophysiology [J]. JAMA, 2009, 301 (20) :
2129-2140.

[7] Li R, Lu W, Jiang QW, et al. Increasing prevalence of type 2
diabetes in Chinese adults in Shanghai[ J]. Diabetes Care, 2012,
35(5):1028-1030.

[8] Tam WH, Ma RC, Yang X, et al. Glucose intolerance and
cardiometabolic risk in children exposed to maternal gestational
diabetes mellitus in utero [J]. Pediatrics, 2008, 122 (6) : 1229—
1234.

[9] Wells JC, Chomtho S, Fewtrell MS. Programming of body
composition by early growth and nutrition [J]. Proc Nutr Soc,
2007,66(3) :423-434.

[10] Pettitt DJ, Jovanovic L. The vicious cycle of diabetes and
pregnancy| J]. Curr Diab Rep,2007,7(4) :295-297.

[11] Zeng Y, Zhang Z, Xu T, et al. Association of birth weight with
health and long-term survival up to middle and old ages in China
[J].J Popul Ageing,2010,3(3/4):143-159.

[12] LiY,He Y,Qi L,et al. Exposure to the Chinese famine in early
life and the risk of hyperglycemia and type 2 diabetes in
adulthood[ J]. Diabetes,2010,59(10) : 2400-2406.

[13] Yang Z, Zhao W,Zhang X, et al. Impact of famine during
pregnancy and infancy on health in adulthood [J]. Obes Rev,
2008,9 Suppl 1:595-99.

[14] Chen CM, Kong LZ. Guideline for Preventing and Controlling
Overweight and Obesity in Chinese Adults [M]. Beijing:
People’s Medical Publishing House,2006. (in Chinese )

WRED], LR 2. R A A e T Bl 4w (M. b
A AR A, 2006.

[15] Bollen KA. Structural Equations with Latent Variables[ M ]. New
York : Wiley-Interscience, 1989.

[16] Baron RM, Kenny DA. The moderator-mediator variable distinction
in social psychological research: conceptual, strategic, and
statistical considerations [J]. J Pers Soc Psychol, 1986, 51 (6) :
1173-1182.

[17] Mattsson K, Rylander L. Influence of maternal and paternal
birthweight on offspring birthweight-a  population-based
intergenerational study [J]. Paediatr Perinat Epidemiol, 2013, 27
(2):138-144.

[18] Sanderson M, Emanuel I, Holt VL. The intergenerational

relationship between mother’ s birthweight, infant birthweight
and infant mortality in black and white mothers [J]. Paediatr
Perinat Epidemiol, 1995,9(4):391-405.

[19] Shan XY, Mi J,Hou DQ,et al. Correlation of birth weight across
generations [J]. Chin J Pract Pediatr, 2006 (3) : 185-187. (in
Chinese)

AR RS AT, . SR AR R A A IR E ) 5
W L) ], A E SRR, 2006(3) £ 185-187.

[20] Tyrrell JS,Yaghootkar H, Freathy RM, et al. Parental diabetes
and birthweight in 236 030 individuals in the UK Biobank Study
[J]. Int J Epidemiol,2013,42(6) : 1714-1723.

[21] Pilgaard K, Faerch K, Carstensen B, et al. Low birthweight and
premature birth are both associated with type 2 diabetes in a
random sample of middle-aged Danes[ J]. Diabetologia, 2010, 53
(12):2526-2530.

[22] Harder T,Rodekamp E, Schellong K, et al. Birth weight and
subsequent risk of type 2 diabetes: a Meta-analysis [J]. Am J
Epidemiol,2007,165(8) : 849-857.

[23] Ma RC, Chan JC. Pregnancy and diabetes scenario around the
world: China [J]. Int J Gynaecol Obstet, 2009, 104 Suppl 1:
S42-45.

[24] Little RE. Mother’s and father’s birthweight as predictors of
infant birthweight [J]. Paediatr Perinat Epidemiol, 1987, 1 (1) :
19-31.

[25] Troy LM, Michels KB, Hunter DJ, et al. Self-reported birthweight
and history of having been breastfed among younger women: an
assessment of validity [J]. Int J Epidemiol, 1996, 25 (1) :
122-127.

[26] Tate AR, Dezateux C, Cole TJ, et al. Factors affecting a mother’s
recall of her baby’ s birth weight[J]. Int J Epidemiol, 2005, 34
(3):688-695.

[27] Lumey LH, Stein AD, Ravelli AC. Maternal recall of birthweights
of adult children: validation by hospital and well baby clinic
records[J]. Int J Epidemiol, 1994,23(5):1006-1012.

(i H #1:2014-10-13)
(A G 7 E57)



