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Association between neonatal birth weight and maternal type 2 diabetes

mellitus: a bidirectional Mendelian randomization study
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Abstract: Objective To examine the association between neonatal birth weight and maternal type 2 diabetes (T2DM),
so as to provide insights into the formulation of the early T2DM prevention and improvements of maternal and children
health. Methods Single—nucleotide polymorphisms (SNPs) were collected from two genome-wide association studies
(GWAS) that examined the association between neonatal birth weight and maternal T2DM. Inverse variance weighted
method was employed for forward Mendelian randomization with 26 birth weight—associated SNPs as instrumental vari-
ables and maternal T2DM as the study outcome and for reverse Mendelian randomization with 18 maternal T2DM-associ-
ated SNPs as instrumental variables and maternal effects of neonatal birth weight as the study outcome. The heterogene-
ity was examined using Cochran's () test, and the pleiotropy was evaluated using MR—Egger regression, while the robust-
ness of the results was evaluated using leave—one-out test. Results Cochran's ) test detected heterogeneity across two
studies (P=0.019, 0.038), and random effect models were employed. Mendelian randomization showed that an increase in
neonatal birth weight by per standard error (approximately 488 g) resulted a 29.9% reduction in the risk of maternal
T2DM (OR=0.701, 95%CI: 0.547-0.899), and maternal T2DM increased the neonatal birth weight by 0.074 standard er-
rors (OR=1.074, 95%CI: 1.043-1.106). No horizontal pleiotropy was seen for instrumental variables (P=0.241, 0.188).
With each SNP excluded in turn, the results of Mendelian randomization study were robust. Conclusion There are bidi-

rectional associations between neonatal birth weight and risk of maternal T2DM.
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Figure 1 Flow chart of screening of instrumental variables
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Table 1 Bidirectional MR study of association between neonatal birth weight and maternal T2DM
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Figure 2 Forest plot for forward MR of the association between

neonatal birth weight and maternal T2DM

3:12336507 - ;
10:12307894 ; .
2:227101411 H .

6:20679709 :
10:94462427

1:40035928 -

9:22134068 -
1:177889025 -
3:185503456 :
15:77818128 ; .
16:81534790 S
8:118185025 -
16:53800954 -
12:66221060 -
11:72460398 -
7:130457914 -

7:28198677

4:6306763 -

BESET2DM SNP

B L ——

0.1 0 ol 02 03
BE2E T2DM XA L A PR T R
B 4 B L AR S5 EEE T2DM Y
S s MR M ZRpk
Figure 4 Forest plot for reverse MR of the association between

neonatal birth weight and maternal T2DM

[1] SARAVANAN P. Gestational diabetes: opportunities for improving
maternal and child health [J] . Lancet Diabetes Endo, 2020, 8
(9): 793-800.

[2] METZGER B E, LOWE L P, DYER A R, et al. Hyperglycemia
and adverse pregnancy outcomes [J] . N Engl J Med, 2008, 358
(19): 1991-2002.

[3] NAVER K V, SECHER N J, OVESEN P G, et al.Offspring pre-
term birth and birth size are related to long—term risk of maternal
diabetes [J] . Eur J Epidemiol, 2013, 28 (5): 427-432.

[4] NHAM T, READ S H, GIANNAKEAS V, et al.The association
between offspring birthweight and future risk of maternal diabetes :

a population—based study [J/OL] . Diabetic Med, 2022, 40 (2)

5:157886627 -
3:123125711-
19:8789666 -

12:30914668 -
3:141142691 -
15:41401550-
12:103123339-
7:150690176-
15:91064690-
1:11862778 -
7:99332948 -
4:106075498 -
20:32466219 -
12:111884608 -
19:56423668 -
15:86224570
11:102095335 -
6:31368451 -
8:23403378 -
11:48160429 -
5:172196752
16:75312023 -
4:174726635 -
10:96025491 -
12:47187260~
2:43423870

A LN A SNP

B , : -
-0.6 -0.4 -0.2 0
UG5 SNP IR L

B3 Z A5k SNP S E LI AR B S RSR T2DM S
TETR) MR S AR

Figure 3 Forest plot for forward MR of the association between

neonatal birth weight and maternal T2DM after removal of SNPs

one by one

16:53800954 -
7:28198677 -
4:6306763 -
12:66221060 -
7:130457914
8:118185025 -
16:81534790 -
11:72460398
15:77818128 -
1:177889025 .
1:40035928 -
3:185503456 -
10:12307894 -
2:227101411 -
10:94462427 -
9:22134068 -
3:12336507 .
6:20679709 -

235 T2DM SNP

SRR -

0 003 0.06 0.9
KIS SNP JF O

B 5 Z5IE SNP R LI AT S EER T2DM CHHY)
B i) MR 3 2Rk

Figure 5 Forest plot for reverse MR of the association between

neonatal birth weight and maternal T2DM after removal of SNPs

one by one

[2023-03-31] . https://doi.org/10.1111/dme.14991.

[5] STRGM-ROUM E M, JUKIC A M, ESKILD A.Offspring birth-
weight and placental weight —does the type of maternal diabetes
maiter? A population-based study of 319 076 pregnancies [J] .
Acta Obstet Gyn Scan, 2021, 100 (10): 1885-1892.

[6] TYRRELLJS, YAGHOOTKAR H, FREATHY R M, et al. Paren-
tal diabetes and birthweight in 236 030 individuals in the UK bio-
bank study [J] .IntJ Epidemiol, 2013, 42 (6): 1714-1723.

[7] CHIA A R, CHEN L. W, LAI J S, et al. Maternal dietary pat-
terns and birth outcomes: a systematic review and meta—analysis

[J] .Adv Nutr, 2019, 10 (4): 685-695.

(TEEE 409 1T)



B BE2: 20234FE5 HEE 35 #4554 Prev Med, May. 2023, Vol. 35 No.5

+ 409 -

S 3k
(1] BRifes, PR, ARGUIT . AR5tk e ol I U2 {2

FEN G HURIEDIRER G AT [J] . g5 3 AR A%,
2022, 40 (10): 733-736.

WEFEikRE (1] . rpEsES TR, 2022, 31 (1): 99-104. [10] R, XUPF . B4 S X i A5 PR 2 95 A 51 FHAR IR S RE 1Y

(2] sk&5, X075, BREEMG, A5 . 500k i s 4m 5 S i s TAE N Bt s [J] . hEERS P, 2022, 31 (5): 626-630.

HUR IR E R - W & [T] . hE S B, 2021, 30 [11] LINZ, CHEN L, FANG Y, et al.Longitudinal study on the correla-
(4): 397-401, 406. tions of thyroid antibody and thyroid hormone levels after radiothera-

(3] FE, RPEA, e, 4 . BOLRESS HR R T aedn 1 0 py in patients with nasopharyngeal carcinoma with radiation—in-
ekl ()] . PEBNEE:, 2022, 49 (1): 111-115, 120. duced hypothyroidism [J] .Head Neck, 2014, 36 (2): 171-175.

(4] ZJRdE, WOERK, SKoKA], 55 . frili e R IR KT K Hk [12] B85, /N . BRI 4 209 FIUH TAEA B HURIRDIBELS S
JREETT AR ()] . BPjEEe:, 2018, 30 (6): 600-602. B (0] . i PARR S, 2022, 32 (15): 1898-1900, 1904.

[5] AEHEZE, skgkml, XIDREL 45 . B e RIS S HUR RS [13] %5, E#, R, F . (G0 R xo TAEA G PR
G ARIETE (1] . TABTEEE, 2020, 32 (11): 1081-1085. Jeggns (I . pETERRAGE, 2022, 32 (3): 354-358.

(6] Fpiie AR LI 5 TR (S L2 . ML e AR BB B A AT [14] SOSIC-JURJEVIC B, FILIPOVIC B, MILOSEVIC V, et al.
HIE. GBZ 128—2019 [S] .2019. Chronic estradiol exposure modulates thyroid structure and decreases

(7] FZEH, FICHE, xZed:, 48 2T 2017 AR TR A G A T4 and T3 serum levels in middle—aged female rats [J] .Horm Res,
NG WA R b (0] . P RO EE A, 2020, 47 (5): 2005, 63 (1): 48-54.

618-621. [15] KT - ARGIER, Wik - B s, Bbegk, % .

(8]  rpAR AR LAN ] [ 52 o b W B A IO AE SRy . L B RS B b THUME 2R AT 55 TR IR S P R DGR AT (0] . B R
RSTIR L PP AR ME: GB 18871—2002 [S] .2002. 2022, 34 (6): 577-580.

(9] o, BESCA, R, 55 . ARG X SPE R B R i S50 T Wi HER: 2023-01-13 fEEIEHHA: 2023-04-07 ZARX4iE: HIRIFE

(#5387 1T)

[8] CARNEGIE R, ZHENG J, SALLIS H M, et al. Mendelian ran- [15] JAMES-TODD T M, KARUMANCHI S A, HIBERT E L, et al.
domisation for nutritional psychiatry [J] . Lancet Psychiat, Gestational age, infant birth weight, and subsequent risk of type
2020, 7 (2): 208-216. 2 diabetes in mothers: Nurses' Health Study II [J/OL] . Prev

[9] WARRINGTON N M, BEAUMONT R N, HORIKOSHI M, et al. Chronic Dis, 2013, 10 [2023-03-31] .http://dx.doi.org/10.5888/
Maternal and fetal genetic effects on birth weight and their rele- ped10.120336.
vance to cardio—metabolic risk factors [J] .Nat Genet, 2019, 51 [16] EVANS D M, MOEN G H, HWANG L D, et al.Elucidating the
(5): 804-814. role of maternal environmental exposures on offspring health and

[10] MAHAJAN A, TALIUN D, THURNER M, et al. Fine-mapping disease using two—sample Mendelian randomization [J] .Int J
type 2 diabetes loci to single—variant resolution using high—density Epidemiol, 2019, 48 (3): 861-875.
imputation and islet—specific epigenome maps [J] .Nat Genet, [17] CHEN J, BACELIS J, SOLE-NAVAIS P, et al.Dissecting mater-
2018, 50 (11): 1505-1513. nal and fetal genetic effects underlying the associations between

[11] EVANS D M, SMITH D G.Mendelian randomization: new applica- maternal phenotypes, birth outcomes, and adult phenotypes: a
tions in the coming age of hypothesis—free causality [J] .Annu mendelian-randomization and haplotype—based genetic score analy-
Rev Genom Hum G, 2015, 16: 327-350. sis in 10 734 mother—infant pairs [J/OL] . PLoS One, 2020, 17

[12] BURGESS S, THOMPSON S G. Interpreting findings from Mende- (8) [2023-03-31] https://doi.org/10.1371/journal.pmed.1003305.
lian randomization using the MR-Egger method [J] . Eur J [18] LI J H, SZCZERBINSKI L, DAWED A Y, et al. A polygenic
Epidemiol, 2017, 32 (5): 377-389. score for type 2 diabetes risk is associated with both the acute and

[13] BOWDEN J, SMITH D G, HAYCOCK P C, et al.Consistent esti- sustained response to sulfonylureas [J] . Diabetes, 2021, 70
mation in Mendelian randomization with some invalid instruments (1): 293-300.
using a weighted median estimator [J] .Genet Epidemiol, 2016, [19] BEAUMONT R N, WARRINGTON N M, CAVADINO A, et al.

40 (4): 304-314.

[14] ZENG P, ZHOU X. Causal association between birth weight and

adult diseases: evidence from a Mendelian randomization analysis
[J/OL] . Front Genet, 2019, 10 [2023-03-31] .https://doi.org/
10.3389/fgene.2019.00618.

WKim B 2023-01-13

Genome-wide association study of offspring birth weight in 86 577
women identifies five novel loci and highlights maternal genetic ef-
fects that are independent of fetal genetics [J] . Hum Mol genet,
2018, 27 (4): 742-756.

EEHH: 2023-03-31 ZANC4REE: 5 0%





