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Abstract. – OBJECTIVE: To explore the correlation between the rs2067853 polymorphism
in angiotensinogen (AGT) gene and neonatal hypoxic-ischemic encephalopathy (HIE).
PATIENTS AND METHODS: A total of 96 neonatal patients with HIE and 123 healthy neonates
were selected. General clinical data were collected and TaqMan-MGB probe method was adopted to detect the rs2067853 polymorphism in
angiotensinogen (AGT) gene.
RESULTS: The frequency of advanced maternal
age, low maternal age, maternal renal insufficiency, abnormal labor, amniotic fluid contamination
and umbilical cord abnormality in the observation
group was higher than that in the control group
(p<0.05), and there was no significant difference
between the two groups in the frequency of pregnancy-induced hypertension or eclampsia, maternal anemia, routine prenatal examination, natural
childbirth, placental abnormality and abnormal
birth weight (p>0.05). There was a difference in
genotype distribution frequency between the two
groups (p<0.05), while there was no difference in
the allele distribution frequency between the two
groups (p>0.05). The recessive model had differences between the two groups (p<0.05), while the
dominant and additive model had no differences
between the two groups (p>0.05).
CONCLUSIONS: HIE is correlated with maternal factors, fetal growth, uterine environment
and labor process, and the rs2067853 polymorphism in AGT gene is associated with HIE.

function and metabolic disorders of blood glucose
and electrolyte caused by various factors in the
perinatal period, which is the main cause of neonatal death and neuronal developmental disorder,
as well as a serious complication of neonatal asphyxia. In severe cases, irreversible brain damage
can occur, resulting in permanent neurological
dysfunction. Most previous studies argued that
fetal distress is the core factor of HIE. With the
deepening of the research, however, it has been
found that HIE is also correlated with congenital genetic factors, and gene mutations may affect the occurrence and development of HIE1-4.
The current study has also shown that the angiotensinogen (AGT) gene of the renin-angiotensin
system is associated with the occurrence of cardio-cerebrovascular diseases5,6. However, there is
a lack of relevant study on the correlation between
the pathogenesis of neonatal HIE and AGT gene
polymorphism. Therefore, this work was conducted to test the rs2067853 polymorphism in the
AGT gene with TaqMan-MGB probe method by
collecting the data of neonates with HIE from our
department and explore the correlation between
the AGT gene polymorphism and the pathogenesis of HIE, to provide theoretical support for the
study on HIE genetic polymorphism.
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Patients and Methods

Introduction
Neonatal hypoxic-ischemic encephalopathy
(HIE) refers to the brain cell damage, organ dys2194

Study Subjects
Neonates with HIE who were treated in the Pediatric Department of Zhengzhou University Affiliated
Children’s Hospital from January 2016 to January
2018 were selected. The diagnostic criteria for neonatal HIE in Practical Neonatology were applied to
the diagnosis of HIE: (1) Neonatal hypoxia-ischemia

Corresponding Author: Chao Gao, MM; e-mail: Gaochao996@sina.com

Correlation between AGT gene polymorphism and HIE

is caused by perinatal asphyxia. (2) Abnormal neurological symptoms start at 1-2 hours after delivery,
including disturbance of consciousness, alteration
of muscle tone and primitive reflex abnormality. (3)
Cerebral edema is confirmed by craniocerebral ultrasound, while brain atrophy is often confirmed by
brain CT. (4) Parents of neonatal patients were informed and agreed. Exclusion criteria: (1) Neonates
with purulent meningitis. (2) Neonates with asphyxia caused by other reasons. According to the criteria
above, a total of 96 neonates with HIE were included
in this study, including 63 male neonates and 33 female neonates, 69 term infants, 15 premature infants
and 12 post-term infants. Meanwhile, a total of 123
non-asphyxia neonates treated in the same period in
our department were selected as controls, including
82 male neonates and 41 female neonates, 85 term
infants, 21 premature infants and 17 post-term infants. All subjects were unrelated neonates, and all
their family members signed the informed consent.
This study was approved by the Ethics Committee of
Zhengzhou University Affiliated Children’s Hospital.

Statistical Analysis
Statistical analysis was performed using Statistical Product and Service Solutions (SPSS) 20.0
statistical software (IBM, Armonk, NY, USA).
Enumeration data were compared between two
groups via chi-square test. The likelihood-ratio
χ2 test was adopted to analyze whether the distribution of each genotype was consistent with
the Hardy-Weinberg equilibrium. The R×C chisquare test was adopted for the comparison of the
frequency of genotype and allele in each group.
p<0.05 represented that the difference was statistically significant.

Patients and Methods

Results

Collection of General Clinical Data
Statistical analysis was performed on the data
of neonates in both groups using questionnaires.
The influencing factors included the advanced
maternal age (>35 years old), low maternal age
(<19 years old), pregnancy-induced hypertension
or eclampsia, maternal renal insufficiency, maternal anemia, routine prenatal examination, natural
childbirth, abnormal labor, amniotic fluid contamination, umbilical cord abnormality, placental abnormality and abnormal birth weight (2.50
-4.00 kg in normal cases). Questionnaires were
completed and evaluated by two highly-trained
and qualified doctors.

Comparison of Basic Data
There were no differences in fetal gender and
gestational age between the two groups (p>0.05)
(Table II).

Deoxyribonucleic Acid (DNA) Extraction
A total of 1 mL of femoral venous blood was
taken from neonates. The DNA was extracted

with the Medium Scale Blood Genomic DNA Extraction Kit (Beijing Biotech Co., Ltd., Beijing,
China) strictly according to the instructions of the
kit. Moreover, the genotype of samples was detected and analyzed using the TaqMan®SNP Genotyping Assays kit (Thermo-Fisher, Waltham,
MA, USA). The specific gene locus probes are
shown in Table I.

Comparison of Influencing Factors for
Neonates
The frequency of advanced maternal age, low
maternal age, maternal renal insufficiency, abnormal labor, amniotic fluid contamination and
umbilical cord abnormality in the observation
group was higher than that in the control group
(p<0.05), while there was no difference between
the two groups in the frequency of pregnancy-induced hypertension or eclampsia, maternal anemia, routine prenatal examination, natural childbirth, placental abnormality and birth weight
abnormality (p>0.05) (Table III).

Table I. TaqMan®-MGB probe in rs2067853 gene locus in AGT gene.
SNP Reference
Assay ID
Protein ID
SNP Type
Context Sequence

rs2067853
C_204369_20
NP_000020.1
Intron
GTATACATCTGTTTGGCTGCTAAAT[A/G]AAAGATAAAATTTTTGGAGGCTTAT
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Table II. Comparison of basic data between the two groups [n (%)].
Group

No.

Observation group
96
Control group
123
χ2 		
p 		

Male/Female

Term infant/premature infant/post-term infant

63 (65.63)/33 (34.37)
82 (66.67)/41 (33.33)
0.026
0.872

69 (71.88)/15 (15.62)/12 (12.50)
85 (69.11)/21 (17.07)/17 (13.82)
0.199
0.905

Table III. Comparison of influencing factors for neonates between the two groups [n (%)].
Influencing factor
Advanced maternal age
Low maternal age
Pregnancy-induced hypertension or eclampsia
Maternal renal insufficiency
Maternal anemia
Routine prenatal examination
Natural childbirth
Placental abnormality
Amniotic fluid contamination
Umbilical cord abnormality
Placental abnormality
Birth weight abnormality

Observation group
(n=96)

Control group
(n=123)

χ2

p

27 (28.26)
35 (36.96)
19 (19.57)
21 (21.74)
15 (15.22)
93 (96.74)
72 (75.00)
29 (30.43)
19 (19.57)
19 (19.57)
17 (17.39)
18 (18.48)

18 (14.81)
9 (7.41)
14 (11.11)
5 (3.70)
9 (7.41)
112 (90.74)
100 (81.30)
11 (9.26)
13 (10.19)
11 (9.26)
13 (10.19)
11 (9.26)

5.007
26.224
3.092
14.324
3.269
3.191
1.270
14.047
3.922
4.880
2.098
3.468

0.025
0.000
0.079
0.000
0.071
0.074
0.260
0.000
0.048
0.027
0.147
0.063

Table IV. Hardy-Weinberg equilibrium test of rs2067853 genotype in AGT gene between the two groups.
AA

AG

GG

		 Actual
Theoretical
Actual
Theoretical
Actual Theoretical
Group
No. frequency frequency frequency frequency frequency frequency
Observation
group
Control
group

χ2

p

96

5

2.19

19

24.62

72

69.190

5.00

0.08

123

1

3.09

37

32.82

85

87.09

2.00

0.37

Table V. Comparison of AGT gene rs2067853 genotype distribution between the two groups [n (%)].
			Genotypes
Group

No.

AA

AG

GG

χ2

p

Observation group
Control group

96
123

5 (5.21)
1 (0.81)

19 (19.79)
37 (30.08)

72 (75.00)
85 (69.11)

6.296

0.043

Hardy-Weinberg Equilibrium Test
The likelihood-ratio χ2 test was adopted to compare the actual frequency and theoretical frequency of the three genotypes between the observation
group and the control group. The distribution of
genotype frequency of rs2067853 in AGT gene in
both groups accorded with the Hardy-Weinberg
equilibrium law (p>0.05), and they were comparable (Table IV).
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Comparison of Genotype Distribution
Frequency
The frequency of AA, AG and GG genotypes
distribution was 5.21%, 19.79% and 75.00%, respectively, in the observation group, and 0.81%,
30.08% and 69.11%, respectively, in the control
group. There were differences in the genotype
distribution frequency between the two groups
(p<0.05) (Table V).
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Table VI. Comparison of AGT gene rs2067853A/G allele distribution between the two groups [cases (%)].
No.
Group		 A
Observation group
Control group

96
123

Allele
G

29 (15.10)
39 (15.85)

p

χ2

163 (84.90)
0.046
207 (84.15)		

0.830

Table VII. Genetic model analysis of rs2067853 in AGT gene between the two groups [n (%)].
Item
Recessive model AA vs. AG+GG
Dominant model AA+AG vs. GG
Additive model
AA vs. AG vs GG

Observation group

Control group

χ2

p

5 (5.21)/91 (94.79)
24 (25.00)/72 (75.00)
5 (5.21)/19 (19.79)/72 (75.00)

1 (0.81)/122 (99.19)
37 (30.89)/86 (69.11)
1(0.81)/36 (29.27)/86 (69.92)

3.909
0.923
5.923

0.048
0.337
0.052

Comparison of Allele Distribution
Frequency
The distribution frequency of A and G alleles
was 15.10% and 84.90%, respectively, in the observation group, and 15.85% and 84.15%, respectively, in the control group. There were no differences in the allele distribution frequency between
the two groups (p>0.05) (Table VI).
Genetic Model Analysis of rs2067853 in
AGT Gene
According to the genetic model analysis, there
were differences in the recessive model between
the two groups (p<0.05), and there were no differences in the dominant model and additive model
between the two groups (p>0.05), indicating that
the recessive model is suitable for describing the
genetic model of rs2067853 in the AGT gene in
HIE (Table VII).

Discussion
The pathogenesis of neonatal HIE is closely
correlated with perinatal asphyxia. Studies have
found that maternal factors, fetal growth, uterine
environment, labor process and so on may cause
HIE7, and the pathological changes of HIE include
cerebral edema, neuronal necrosis, gliosis, neurological damage and energy metabolic disorder in
brain cells. If HIE is not actively and effectively
treated in time, it will cause neonatal brain edema for more than a week, and even irreversible
neuronal necrosis in severe cases, producing a
serious impact on the health of neonates8,9. In addition, due to parents’ insufficient understanding

of neonatal health care and insufficient emphasis
on the prenatal examination, there has been an
increasing incidence of HIE over recent years.
Therefore, it is of vital importance to analyze and
understand the related risk factors for the pathogenesis of HIE.
The result of this study showed that the frequency of advanced maternal age, low maternal
age, maternal renal insufficiency, abnormal labor,
amniotic fluid contamination and umbilical cord
abnormality in the observation group was higher
than that in the control group, which is consistent
with the findings of other scholars10-12, indicating
to some extent that advanced maternal age or low
maternal age and renal insufficiency may affect
the structure and function of the birth canal, leading to HIE. The above results also suggest that
abnormal labor, amniotic fluid contamination and
umbilical cord abnormality may increase the incidence of HIE in a direct way. Abnormal labor
includes prolonged labor and precipitate labor. In
particular, the prolonged second stage of labor can
lead to the reduced blood supply to the placenta
after uterine contraction, causing ischemia and
hypoxia to the fetus, ultimately leading to HIE.
Amniotic fluid contamination is mainly reflected
in fetal hypoxia, and it is exactly the critical reason for the occurrence of HIE13,14. The umbilical
cord is a cord-like structure that connects the placenta and the embryo, which is a major channel
for the fetus to obtain nutrients from the maternal body and remove metabolites. The umbilical
cord abnormality of infants may lead to obstacles
in providing fetal nutrients and transporting metabolites, resulting in the occurrence of HIE15,16.
In summary, medical staff should master the risk
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factors of HIE, enrich specialized theories and improve operational skills, educate pregnant women
in the perinatal period, closely monitor the labor
process and properly treat various complications
in a timely manner in clinical work, to reduce the
incidence of HIE.
Current research has demonstrated that the
pathogenesis of HIE is not only correlated with
maternal factors, fetal growth, uterine environment and labor process but also associated with
congenital genetic factors. AGT is located in the
1q42-43 segment encoding AGT, while rs2067853
is located at the 3’ end of the AGT gene. Mutations
in the AGT gene are closely correlated with the
occurrence of cardio-cerebrovascular diseases17-20.
Lanz et al21 speculated that the mutation of the
AGT gene may increase the level of angiotensin II
indirectly by increasing the level of AGT in plasma. Angiotensin II may give rise to the contraction, hyperplasia and hypertrophy and lipid deposition of arterioles vascular smooth muscle, and
cause the hardening of small subcutaneous vessels,
thus resulting in ischemic changes in the subcortical and deep white matter. Therefore, mutations in
the AGT gene may lead to ischemic changes in the
neonatal brain cortex and deep white matter.
In this study, the polymorphism of rs2067853
(A/G) in AGT was selected and the genotype frequency and allele frequency of the observation
group and the control group were analyzed using the TaqMan-MGB probe method. The result
showed that there was a difference in the frequency of genotype distribution of rs2067853 (A/G) in
the AGT gene between the two groups, suggesting that the polymorphism of rs2067853 (A/G) in
the AGT gene is correlated with the risk of HIE.
Further analysis of the A and G alleles in the two
groups revealed that there was no difference in
the distribution of A and G alleles between the
two groups (p>0.05). Finally, genetic model analysis of rs2067853 in the AGT gene revealed that
there were differences in the recessive model between the two groups (p<0.05), suggesting that
the recessive model is suitable for describing the
genetic model of rs2067853 in AGT gene of HIE.

Conclusions
We observed that the polymorphism of
rs2067853 in the AGT gene is significantly correlated with the risk of HIE, and the risk of HIE is
increased by recessive GG homozygous mutation
of the rs2067853 (A/G) in the AGT gene.
2198

Acknowledgments
This work was supported by Henan Natural Science
Fund Project (No. 162300410326), and Henan Province
Section - Level Project (No. 182102310403).
Conflict of interest
The authors declare no conflicts of interest.

References
1) Kuzmanic Samija R, Primorac D, Resic B, Pavlov V,
C apkun V, Punda H, Lozic B, Zemunik T. Association
of NOS3 gene variants and clinical contributors
of hypoxic-ischemic encephalopathy. Braz J Med
Biol Res 2014; 47: 869-875.
2) Wu Y, Zhu Z, Fang X, Yin L, L iu Y, Xu S, L i A. The
association between NOS3 gene polymorphisms
and hypoxic-ischemic encephalopathy susceptibility and symptoms in Chinese Han population.
Biomed Res Int 2016; 2016: 1957374.
3) L iu G, L i ZG, Gao JS. Hypothermia in neonatal hypoxic-ischemic encephalopathy (HIE). Eur Rev
Med Pharmacol Sci 2017; 21: 50-53.
4) Cotten CM, Goldstein RF, McDonald SA, Goldberg
RN, Salhab WA, C arlo WA, Tyson JE, Finer NN,
Walsh MC, Ehrenkranz RA, L aptook AR, Guillet R,
Schibler K, Van Meurs KP, Poindexter BB, Stoll BJ,
O’Shea TM, Duara S, Das A, Higgins RD, Shankaran
S. Apolipoprotein E genotype and outcome in infants with hypoxic-ischemic encephalopathy. Pediatr Res 2014; 75: 424-430.
5) Tiret L, Blanc H, Ruidavets JB, A rveiler D, Luc G,
Jeunemaitre X, Tichet J, M allet C, Poirier O, Plou in PF, C ambien F. Gene polymorphisms of the renin-angiotensin system in relation to hypertension
and parental history of myocardial infarction and
stroke: the PEGASE study. Projet d’Etude des
Genes de l’Hypertension Arterielle Severe a moderee Essentielle. J Hypertens 1998; 16: 37-44.
6) Wang JH, L in CM, Wang LS, L ai NS, Chen DY,
Cherng JM. Association between molecular variants of the angiotensinogen gene and hypertension in Amis tribes of eastern Taiwan. J Formos
Med Assoc 2002; 101: 183-188.
7) A hlin K, Himmelmann K, Hagberg G, K acerovsky M,
Cobo T, Wennerholm UB, Jacobsson B. Cerebral palsy and perinatal infection in children born at term.
Obstet Gynecol 2013; 122: 41-49.
8) C assia GS, Faingold R, Bernard C, Sant’A nna GM.
Neonatal hypoxic-ischemic injury: sonography
and dynamic color Doppler sonography perfusion of the brain and abdomen with pathologic
correlation. AJR Am J Roentgenol 2012; 199:
W743-W752.
9) Kovacs CS. Maternal mineral and bone metabolism
during pregnancy, lactation, and post-weaning recovery. Physiol Rev 2016; 96: 449-547.

Correlation between AGT gene polymorphism and HIE
10) M artinez-Biarge M, Diez-Sebastian J, Wusthoff CJ,
Mercuri E, Cowan FM. Antepartum and intrapartum
factors preceding neonatal hypoxic-ischemic encephalopathy. Pediatrics 2013; 132: e952-e959.
11) Hayakawa M, Ito Y, Saito S, Mitsuda N, Hosono S,
Yoda H, Cho K, Otsuki K, Ibara S, Terui K, M asumo to K, Murakoshi T, N akai A, Tanaka M, N akamura T.
Incidence and prediction of outcome in hypoxic-ischemic encephalopathy in Japan. Pediatr Int
2014; 56: 215-221.
12) Chalak LF, Sanchez PJ, A dams-Huet B, L aptook AR,
Heyne RJ, Rosenfeld CR. Biomarkers for severity of
neonatal hypoxic-ischemic encephalopathy and
outcomes in newborns receiving hypothermia
therapy. J Pediatr 2014; 164: 468-474.
13) Monen L, Hasaart TH, Kuppens SM. The aetiology
of meconium-stained amniotic fluid: pathologic
hypoxia or physiologic foetal ripening? (Review).
Early Hum Dev 2014; 90: 325-328.
14) Escobar J, Teramo K, Stefanovic V, A ndersson S, A sen si MA, A rduini A, Cubells E, S astre J, Vento M. Amniotic fluid oxidative and nitrosative stress biomarkers correlate with fetal chronic hypoxia in diabetic
pregnancies. Neonatology 2013; 103: 193-198.
15) Spellacy WN, Gilbert-Barness E, Tsibris JC, Downes
KL. Umbilical cord knots and cord blood gases,
erythropoietin and nucleated red blood cell levels:

16)

17)

18)

19)

20)

21)

a study of possible chronic fetal hypoxia. Fetal
Pediatr Pathol 2013; 32: 158-161.
Chan JS, Baergen RN. Gross umbilical cord complications are associated with placental lesions of
circulatory stasis and fetal hypoxia. Pediatr Dev
Pathol 2012; 15: 487-494.
Gormley K, Bevan S, M arkus HS. Polymorphisms in
genes of the renin-angiotensin system and cerebral small vessel disease. Cerebrovasc Dis 2007;
23: 148-155.
Wang T, Chen ZB, Jin SJ, Su QJ. Correlation between angiotensinogen gene and primary hypertension with cerebral infarction in the Li nationality
of China. Neurosci Bull 2007; 23: 287-292.
Wang S, Zeng R, L ei L, Huang J. Angiotensinogen
gene polymorphism and ischemic stroke in East
Asians: a meta-analysis. Neural Regen Res 2013;
8: 1228-1235.
Guan L, Zhang A, Song B, Xiao S, G ao Y. The relationship between angiotensinogen gene CD235
met-->Thr substitution polymorphism and brain
infarction in Chinese. Zhonghua Yi Xue Yi Chuan
Xue Za Zhi 2000; 17: 336-339.
L anz JR, Pereira AC, L emos PA, M artinez E, K rieger
JE. Angiotensinogen M235T polymorphism is associated with coronary artery disease severity.
Clin Chim Acta 2005; 362: 176-181.

2199

