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Effect of intrauterine hyperglycemia on levels of neonatal inflammatory cytokines and the occurrence of
allergic diseases in infants
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[ Abstract] Objective To evaluate the effect of intrauterine hyperglycemia exposure on inflammatory cytokine levels in
neonatal umbilical cord blood and the incidence of allergic diseases in infants. Methods 112 pregnant women and their infants were
enrolled. According to the glucose levels during pregnancy, all women were divided into the intrauterine hyperglycemia exposure
(n =55 ) and non-intrauterine hyperglycemia exposure groups (n = 57 ) . The levels of inflammatory cytokines in the umbilical cord
blood were compared between two groups. During 1-year follow-up, the incidence of allergic diseases such as atopic dermatitis and
wheezing in infants was compared between two groups. The impact of intrauterine hyperglycemia on neonatal immunity and infant
allergic diseases was evaluated. Results There were no significant differences in the levels of 1L-1 , IL-2, IL-6, IL-8, IL-10, IL-
12 and TNF-a between two groups (all P > 0.05) . In the intrauterine hyperglycemia exposure group, the IL-4 level in the umbilical
cord blood was (30.180 + 8.648 ) pg/mL., significantly higher than ( 22.500 + 10.100 ) in the non-intrauterine hyperglycemia exposure
group ( P < 0.05) . In the intrauterine hyperglycemia exposure group, the incidence of allergic diseases was 34.7%, higher compared
with 24.0% in the non-intrauterine hyperglycemia exposure group during 1-year follow-up. However, there was no significant difference
between two groups ( P > 0.05) . Conclusion Intrauterine hyperglycemia exposure exerts certain effect on the IL-4 level in the
neonatal cord blood, which may provide evidence for early intervention of allergic diseases.
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Table 1 Comparison of age, gestational age, and BMI of pregrant women between the groups with or without intrauterine
hyperglycemia exposure

X*S

Higl n AR 1 % 2 )8 1 JE] 277 BMI/ ( kg/m?)
B PN IR SR A 55 33.1+£4.2 39.2+0.5 22.0+3.0
TCE N I 2 % 4 57 32.8+5.0 38.9+1.0 21.5+3.0
i 0.328 1.891 0.791
P4 0.744 0.062 0.431




440 B

2024 4F. 6 A4 55 %5 o

®2 BEASIRERZESEEANTIEREANEILEFOXEREREFRERELR
Table 2 Comparison of cytokine mass concentrations in umbilical cord blood of newborns between the groups with or
without intrauterine hyperglycemia exposure

41 e R 1 BN R LR R AL (n=55) ToE W LB REA (n=57) A P
IL-1B/ ( pg/mL) 0.295 (0.127, 0.549) 0.263 (0.126, 0.533) -0.378 0.705
IL-2/ ( pg/mL) 0.357 (0.210, 0.608) 0.288 (0.171, 0.434) -1.679 0.093
1L-4/ ( pg/mL) 30.180 = 8.648 22.500 + 10.100 4.315 <0.001
IL-6/ ( pg/mL) 2.725+1.821 2.264 +1.534 1.450 0.150
IL-8/ ( pg/mL) 2.613+1.532 3.182+1.717 1.848 0.067
1L-10/ ( pg/mL) 1.574 (0.926, 2.294) 1.494 (0.998, 2.239) -0.122 0.903
1L-12/ ( pg/mL) 2.209 (1.146, 3.199) 1.556 (0.706, 2.946) -1.461 0.144
TNF-a/ ( pg/mL) 9.500 + 2.931 8.599 + 3.225 1.546 0.125

(R B & AR R L 2 RS L (P =
0.242 ), VA AZL = A e 7= A= JLAE R T 1 4F 9 2
A R A R e Ry PR AR R, LAY I 114 T A
We i o 28 R EAT Logistic W20 8T, 45 5 WoR
T4 JoT e Ve B X8 PN g W 2 L e 7 Al iy
G 1 R A A M (OR=1.063, 95%CI 1.007~1.122,
P=0.026),

3 i i

WHO 5l Bon, SRR 42 (N
WP s Ok B 2 1) B 1 00 Lo W SRR RS, HIP
R PR 358 % B ely A B 2 B HH OR BB . HIP
2L PGDM Jir 8, o A3 45 W5 PR v 10 1 45 JF 4 Uk
A 42 ) AN A B GDM ™ i [ B b DR 05 Bk & 2
( International Diabetes Federation, IDF ) i if,
A AE RS R 16% RERAFAE HIP',

AT IR 5E % T HIP 55 5 A S 5 s 1 ¢
FRMAEAEAL T ADFFEE R AT A LIS 1A
SNE LM A 7K, SR BESERE R 5 5 A
PG KBS Z R CFR . IFFEANA 112 Bl A= L,
FEHARE SR AE 2 S0 1 AR 15 O 53 SR B TN e IR 2%
FEH SXTTE N B2, L 2 dpn Ak L
MY 8 WARSE ML F/K 255, 48R BN, 24
8] IL-18, IL-2, 1L-6., IL-8. IL-10, IL-12, TNF-a
FriE e B A 2= S g i o 10-8 & —F e
RNF, W2 CXC B FZHIGEM T, FEH
R - BUEAHMTE R S R A, BA Rk
ARG PR A VR T, BRI AHT
F, IL-8 FUs Wk EEAE 2 AR h 2 R AR BRA
Gt F L, WRERMEARE N, FFEHE T L
(A FE AV UE LN A i 72 S AR s, 104
Fri v BETE 2 B s e A geitr i X, HoIL-4

Jr i e B S B R B VAR OC, XHRR TE N
o I 2 55 05 2 L H S e A etk s i
WER . RERME R R G M TTRETEIE K. BARE N &
A 22 B A A R 1 & A2 R R 34.7%, = TG
B P e I R R AL MR I R AR (24.0% ),
Al 22 RG22 X, X g SFEA Gt
AR, HIEWIE— BB A B B P = IR
T X I MBI (A 5

FR 4 A0 R 3%, Th w1432 Th F1 Th2, Thi
AN A0 3 3 77 A TFN-y Al IL-2 25 IV AU %
i, 1fi Th2 4% W IL-4. 1L-9. IL-10 FI IL-13, Jf
PRIERA F R e . ORI T 5%
(1) Th2 RAE VTS, H— RINVAEEHTR (6
Ji) il e A R RE RN, 7R TgE. TL-4 FTIL-13
XHiFs S A LE R Th2 RIS W BB, JFH 5 £ H
R 0GR AHIF ST B4l ) LR 2 L D
A A . AIE RAE R, B i
RERRPERL AN G 2 0E . RE R . ARG S,
J2 5 Wit S B4y LA 4y v 0 R S g, R A B
B ZHYEmG ST\ LB, g LA Uk
B, WG KU 2R, R s A TEAL, s R
T, T AT RS G B EAE T AR
PE, AR AR A, BD Th-2 774 (114,
IL-5 AT IL-13) KPR E 5 Th-1 774 (1IFN-y £
1L-2) 7K AT R AT DL ] o000 02 i 179 2 A0
17 i [14) & U AR A5 Th2 A3 19 S S, A 46 2
A% Thl 5 Th2 Z [al % Th2 K2 8947, DL K 48 e
I 6 00 55 A P 200 o B LR I 1) S A T 22 (] B 52
FMEAEHT, 2T BN, BN I
W IL-4 AKFTh R, TL-4 0% — B 5 AR Wi v i 2
WL ER -, VB b R & A B Th2 43 00 ) — i 40 i P
T, AT SHRANM E Y -4 S2AREE G AR s
5, P RYIBERAL R N, R 1gG . IgE &7



2024 4.6 B8 55 #5 6 B

B

441

At BRI BoR, SXTIRAIAA L, AT
B i L B I 1L-4 KSE T, B IgE AR
Ft BRI BAESE T 114 16 L35 1 i v i 1
FEpE,

P M 7 4 — IR P L R T B R
RS T 40 B4 B g R M ks 4 i 35
K, ARSI 10 B R B B 1) B A R 114 LA
K AL-13 7K Th s 27 T4 S —Fh 2R dn i A 1
FEAEH T Th2 B, B aTxHHT BT 1L-4 7%
PE P72 B 2 R M R 2 FIEE ity 45 2o S e
R, JFEAA RAFRICR M, AR, Bk
JLIBF AT i H Tl 7K P AT 00 ARl 1 4 Rz 2% )
AR AN, TgE . TL-4 F1IL-18 /K TH i B 9GIE
SRR E R R B SERR R ™ Furue™ Z B, B
A I TL-4 7T T i B T R M R R 1 & AR
JRUBS: , L I e 6 L2 B 3 14 1ML 3 TL-4 7K -
o TXTRRA . LA B oE 45 SRR I 114 X4 g 1k B
S AR ELA TR . — 006t v [ AR A o
B A& G TN S E PR 235 A 6 PR 2R 114+ A4 BA S 4F
GERW], BRI FBEHT i Y IgE A1 IL-4 7K P
LK BESE L3 G TL-18 7KOF-45 L EE RR R 1 e 48 £
KRR ARBRSE LA P A B e A JLAE 1
AF P 7 R MO e Sy R AR e, LAY I 114
JRAR N [ 7R B VELT Logistic [MIH208T, 4559
I B I TL-4 J5 o v J3E A0 T X6 PN s A 22 1
T P= AR R 1 & A A S

i BTk, B AR JLE P e ObE R R S AR
B KA R 4 B 1-4 AH G, T4 7T g
W H G i SO A R A G FE bR — o AT
FHFEAR SR, R EA — )RR, Kokik
Brak sy REEARRE, XA HAILH G E4
o T P S R AT K ) ) B D R R Y, DA
—C R R N B R H R L RS

B
w ”rﬁJ o

Z % X B

[1] ARMENGAUD J B, MA R C W, SIDDEEK B, et al. Offspring
of mothers with hyperglycaemia in pregnancy: the short term and
long-term impact. What is new[ J |. Diabetes Res Clin Pract,
2018, 145 : 155-166. DOI: 10.1016/j.diabres.2018.07.039.

[2] DALRYMPLE K V, EL-HEIS S, GODFREY K M. Maternal
weight and gestational diabetes impacts on child health [ J | Curr
Opin Clin Nutr Metab Care, 2022, 25 (3): 203-208. DOI:
10.1097/MC0.0000000000000826.

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[12]

LIZ, YUM, WANG P, et al. Association between maternal
diabetes mellitus and allergic diseases in children-a systematic
review and meta-analysis[ J | Pediatr Allergy Immunol, 2021,
32 (5): 880-891. DOI: 10.1111/pai.13498.

HOLM S R, JENKINS B J, CRONIN J G, et al. A role for
metabolism in determining neonatal immune function [ J |. Pediatr
Allergy Immunol, 2021, 32 (8) : 1616-1628. DOL: 10.1111/pai.
13583.

R, M. R AR S R [ ] AR
i T ek (R ), 2017, 7 (3): 168-172. DOI:
10.3877/cma.j.issn.2095-1221.2017.03.009.

MA X H, XIAO L. Research progress in members of lymphocyte
subsets[ J |. Chin J Cell Stem Cell ( Electron Ed ), 2017, 7 (3 ):
168-172. DOI: 10.3877/cma.j.issn.2095-1221.2017.03.009.
RENGARAJAN J, SZABO S J, GLIMCHER L H.
Transcriptional regulation of Th1/Th2 polarization [ 7] Immunol
Today, 2000, 21 (10): 479-483. DOI: 10.1016/s0167-5699
(00) 01712-6.

TA, FrelE, THE, &I 0~24 H B L ek
SERIATI A [T ] b EDLRER @SS, 2016, 24 (2) .
119-122. DOI: 10.11852/zgethjzz2016-24-02-03.

WANG S, JIANG J X, WANG Y, et al. Survey on prevalence of
allergic symptoms among 0 to 24 months old children in Chinese
cities| J |. Chin J Child Health Care, 2016, 24 (2): 119-122.
DOI: 10.11852/zgethjzz2016-24-02-03.

LOVIC D, PIPERIDOU A, ZOGRAFOU 1, et al. The growing
epidemic of diabetes mellitus[ J ] Curr Vasc Pharmacol, 2020,
18 (2): 104-109. DOI: 10.2174/1570161117666190405165911.
HOD M, KAPUR A, SACKS D A, et al. The International
Federation of Gynecology and Obstetrics ( FIGO ) Initiative on
gestational diabetes mellitus: a pragmatic guide for diagnosis,
management, and care[ J | IntJ Gynaecol Obstet, 2015, 131
(Suppl 3): S173-S211. DOI: 10.1016/S0020-7292 ( 15)
30033-3.

International Diabetes Federation. Diabetes Atlas 8th edition
[ M | Brussels: International Diabetes Federation, 2017.
VILOTIC A, NACKA-ALEKSIC M, PIRKOVIC A, et al. IL-6
and IL-8 : an overview of their roles in healthy and pathological
pregnancies [ J | Int J Mol Seci, 2022, 23 (23): 14574. DOI:
10.3390/ijms232314574.

GARTNER Y, BITAR L, ZIPP F, et al. Interleukin-4 as a
therapeutic target[ J . Pharmacol Ther, 2023, 242 : 108348.
DOI: 10.1016/j.pharmthera.2023.108348.

rp R s LR A 22 JLFE IR 2 41, R AR LR
e D2y, AR SLTE B R RBETE TO IEI Ell 22 B 2,
& .6 B LLTT L Ny 5 DA S 50012 I ) e b B ek PR 52 B
BHRIEH [T] PHRJLRZRE, 2023, 9 (4): 301-309. DOI:
10.3760/cma.j.cn112140-20230120-00052.

Academic Group of Respiratory Diseases, the Society of
Pediatrics, Chinese Medical Doctor Association, the Editorial
Board, Chinese Journal of Pediatrics, Committee on Respiratory
Diseases, FuTang Research, et al. Clinical practice expert

consensus on differential diagnosis and initial management of



442

HES

2024 4F. 6 A4 55 %5 o

[14]

[15]

[16]

[19]

[23]

(24]

wheezing in children under 6 years of age [ J]. Chin J Pediatr,
2023, 9 (4): 301-309. DOI: 10.3760/cma.j.cn112140-
20230120-00052.

T WA, whlE, BRI, 45 T A0ME RS G A L Y
et (1] EERJLRAZ%0, 2022, 49 (8): 510-514.
DOI: 10.3760/cma.}.issn.1673-4408.2022.08.002.

WANG X Q, HAN X, ZHANG X B, et al. Progress on T cell
subsets and pathogenesis of asthma [J ] Int J Pediatr, 2022, 49
(8):510-514. DOI: 10.3760/cma.j.issn.1673-4408.2022.08.002.
WALKER J A, MCKENZIE A N J. Th2 cell development and
function[ J ] Nat Rev Immunol, 2018, 18 (2): 121-133. DOI:
10.1038/nri.2017.118.

ASAYAMA K, KOBAYASHI T, D’ ALESSANDRO-GABAZZA
C N, et al. Protein S protects against allergic bronchial asthma
by modulating Th1/Th2 balance[ J |. Allergy, 2020, 75 (9):
2267-2278. DOI: 10.1111/all.14261.

PEEBLES R S Jr, ARONICA M A. Proinflammatory pathways in
the pathogenesis of asthmal J |. Clin Chest Med, 2019, 40 (1):
29-50. DOI: 10.1016/j.ccm.2018.10.014.

RS, HEE, W, 4 SRS A bR
PO sRpT it [ 1 hAER e BE 2r kAR, 2020, 43 (5) -
540-546. DOI: 10.3760/cma.j.cn114452-20200213-00066.
CUI'Y B, YANG Z Y, A X R, et al. Blood biomarkers for
bronchial asthma[ J ]. Chin J Lab Med, 2020, 43 (5 ): 540-546.
DOI: 10.3760/cma.j.cn114452-20200213-00066.

G, 2205, ERK, . MR ISR I T 40 / uk i
Sl B T 20 AR S 200 L PR 2l 2 7 % S L 4
A R [T ] AR s HLRHIR IR %K, 2022, 37 (23):
1793-1796. DOI: 10.3760/cma.j.cn101070-20220705-00823.
TONG X, GONG F, GUAN CJ, et al. Changes and significance
of T follicular regulatory cells/T follicular helper cells and related
cytokines in peripheral blood of children with dust mite allergic
asthma[ J | Chin J Appl Clin Pediatr, 2022, 37 (23): 1793-
1796. DOI: 10.3760/cma.j.cn101070-20220705-00823.

GONG F, ZHENG T, ZHOU P. T follicular helper cell subsets
and the associated cytokine IL-21 in the pathogenesis and
therapy of asthmal J J. Front Immunol, 2019, 10 : 2918. DOI:
10.3389/fimmu.2019.02918.

GONG F, ZHU H'Y, ZHU ], et al. Circulating CXCR5°CD4" T
cells participate in the IgF accumulation in allergic asthmal J |
Immunol Lett, 2018, 197 : 9-14. DOI: 10.1016/j.imlet.2018.
03.001.

AKCAKAYA N, SOZER V, COKUGRAS H, et al. A
preliminary study on 114 levels in extrinsic atopic asthmatic
children[ J | Turk J Pediatr, 1994, 36 (2): 105-110.
DAHER S, SANTOS L M, SOLE D, et al. Interleukin-4 and
soluble CD23 serum levels in asthmatic atopic children[ J ] J
Investig Allergol Clin Immunol, 1995, 5 (5) : 251-254.
KROGULSKA A, WASOWSKA-KROLIKOWSKA K,
POLAKOWSKA E, et al. Cytokine profile in children with
asthma undergoing food challenges [ J ]. J Investig Allergol Clin

[27]

[30]

Immunol, 2009, 19 (1) : 43-48.

A, W RRNIE R SR FERLI RO DI RERE [T ] sh e Sk
BIaR, 2022, 55 (4) : 357-361. DOL: 10.35541/¢jd.20201117.

WANG A, YAO X. Mechanisms of pruritus in atopic dermatitis
[J ] Chin J Dermatol, 2022, 55 (4): 357-361. DOI:
10.35541/¢jd.20201117.

THRBE A= W R0IG 7 AR IO A R o7 P P A B 5
JE& L) iRz AR (PR ), 2022, 43 (1) 2 199,
DOI: 10.13471/j.cnki.j.sun.yat-sen.univ ( med.sci ) .2022.0101.
FENG P Y. Biological agents in the treatment of atopic dermatitis
and atopic comorbidities: a review and update[ J |. J Sun Yat
Sen Univ( Med Sci ), 2022, 43(1): 1-9. DOL: 10.13471/j.cnki.
j.sun.yat-sen.univ ( med.sci ) .2022.0101.

FESCHR, BUACTE L B U BAGTYA ¥ B e A R A
AN [ ] WA RN, 2022, 24 (10):
540-545. DOI: 10.3760/cma.j.cn114015-20220307-00185.

DU W J, ZHU R F. Research progress on the efficacy and safety
of dupilumab in the treatment of allergic diseases| J |. Adverse
Drug React J, 2022, 24 (10): 540-545. DOI: 10.3760/cma.
j.cn114015-20220307-00185.

KAWAMOTO N, FUKAO T, KANEKO H, et al. Total IgE at 6
months predicts remittance or persistence of atopic dermatitis at
14 months [ J |. Allergy Asthma Proc, 2013, 34 (4): 362-369.
DOI: 10.2500/aap.2013.34.3678.

R, TR, RS, & e IE i AT AE J LB
Ik, FTANAEA 2R 4 FIFTAIIE A 3R 18 K- 540 B AR 1
KA [J ] e SRR, 2014, 47 (12) : 886-888.
DOI: 10.3760/cma.}.issn.0412-4030.2014.12.015.

ZENG S W, WANG D L, ZOU Y X, et al. Analysis of
relationship between atopic dermatitis and Igk, interleukin-4
and IL-18 levels in maternal serum and umbilical cord blood [ J 1.
Chin J Dermatol, 2014, 47 (12): 886-888. DOI: 10.3760/
cma.j.issn.0412-4030.2014.12.015.

FHLTE, TLE, sk, 4 . RN B S A1 A I 31 4% 4
MR A hr S B O MWD 2D Bk [ ] AR B a Rk,
2023, 103 (38): 3033-3040. DOI: 10.3760/cma.j.cn112137-
20230128-00128.

TANG H Y, JIANG X, ZHANG D J, et al. Identification and
preliminary validation of potential biomarkers in the peripheral
blood mononuclear cells of atopic dermatitis[ J ]. Natl Med J
China, 2023, 103 (38): 3033-3040. DOI: 10.3760/cma.
j.cn112137-20230128-00128.

FURUE M. Regulation of filaggrin, loricrin, and involucrin by
IL-4, IL-13, IL-17A, 1L-22, AHR, and NRF?2 : pathogenic
implications in atopic dermatitis[ J | Int J Mol Sci, 2020, 21
(15): 5382. DOI: 10.3390/ijms21155382.

JINJJ, ZOU Y X, ZENG S W. Risk factors for and expression of
immune and inflammatory factors in atopic dermatitis in Chinese
population: a birth cohort study [ J ] Mol Cell Probes, 2016, 30
(3): 168-173. DOL: 10.1016/j.mcp.2016.03.006.

(DTS . ARaHeRl )



