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Analysis of extrauterine growth retardation and
related risk factors in 132 premature infants

Meng Sun’, Jing Lu?, Meng Sur?,
Yan Zheng?, Qiangian Zhu’, Caixia Liu®

ABSTRACT

Objectives: To understand the incidence and related risk factors of extrauterine growth retardation
(EUGR) in preterm infants.

Methods: The clinical data of 132 premature infants hospitalized in the neonatal ward of Maternity and
Child Health Care of Zaozhuang from July 2019 to June 2020 were collected. Children were divided into
groups according to their birth gestational age (<32 weeks, 32~35 weeks and >35 weeks) and birth weight
(<1-500 g, 1,500~2,500 g and >2,500 g). Treatment during hospitalization and follow-up after discharge
were investigated by retrospective analysis. Incidence of EUGR in premature infants at discharge and the
related risk factors leading to this complication, demonstrated by logistic multivariate regression analysis,
were summarized.

Results: When evaluated according to weight, length and head circumference, incidence of EUGR at
discharge in premature infants were 36.36%, 41.67% and 21.97% respectively. Smaller gestational age and
lower birth weight significantly correlated with higher incidence of EUGR at discharge (P<0.05). Logistic
regression analysis showed that small gestational age, low birth weight, intrauterine growth retardation,
late first intestinal feeding, digestive system complications and respiratory system complications were
independent risk factors for EUGR in premature infants discharged from hospital (P<0.05).

Conclusions: The incidence of EUGR in premature infants at discharge is relatively high. Strengthening
perinatal health care for pregnant women, reducing the incidence of intrauterine growth retardation
and preterm birth, giving intestinal feeding as soon as possible after birth, and actively participating in
preventing and treating postnatal complications are effective ways to reduce the incidence of EUGR at
discharge.
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increase infants’” body metabolism. Therefore,
the body heat intake is often not satisfactory,
increasing susceptibility to extrauterine growth
retardation (EUGR).

At present, EUGR has become a common com-
plication in preterm infants. Studies, evaluating
weight, head circumference, body length and other
related growth parameters of these children show
that they fail to reach the 10th percentile of new-
borns of the same gestational age.* EUGR not only
significantly reduces the early cure rate of preterm
infants, but also have a serious impact on their sub-
sequent growth, development and quality of life.
EUGR can lead to short stature, mental retardation
and poor motor coordination, resulting in a signifi-
cant burden on the family of the affected children.*
The results of follow-up investigations show that,
compared with premature infants that match their
gestational age at discharge, EUGR premature in-
fants have higher incidence of iron absorption dis-
order at discharge and the increased incidence risk
of nervous system retardation and anemia.>*

Some animal studies show that the early
occurrence of EUGR can seriously affect the
development of pulmonary vessels in preterm
infants. This may cause pulmonary hypertension
and bronchopulmonary dysplasia, significantly
reduce the cure rate of preterm infants, significantly
increase the risk of related respiratory diseases
after discharge, and the later quality of life.” Recent
clinical studies focused on in-depth research of
the occurrence of EUGR in preterm infants, its
main causes and relevant risk factors in attempt
to identify effective methods or means to reduce
the incidence of this complication.® The main goal
of this retrospective study was to analyze the
incidence and related risk factors of extrauterine
growth retardation (EUGR) in preterm infants
using relevant clinical data of 132 cases of EUGR
preterm infants at discharge.

METHODS

Clinical data and follow-up data of 132 premature
infants treated in the neonatal ward Maternity and
Child Health Care of Zaozhuang from January 2019
to June 2020 were collected and retrospectively
analyzed. The ethics committee of Maternity and
Child Health Care of Zaozhuang approved this
study (No. 2020068, Date: June 21, 2020).

Inclusion criteria: Gestational age do not exceed
37 weeks; entry into the neonatal department for
treatment within 24 hours after birth, and length of
hospital stay not less than seven days; satisfactory
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relevant clinical data during hospitalization;
telephone follow-up done after discharge, with the
satisfactory follow-up data.

Exclusion criteria: Death in hospital or after
discharge; serious condition at discharge: genetic
metabolic diseases and congenital malformations
that have a significant impact on normal growth and
development. Patients were divided into groups
according to relevant data during hospitalization
and follow-up data after discharge.

The data collected included the general
information (gender, birth weight and gestational
age), postnatal nutritional support, clinical
diagnosis and treatment, IUGR occurrence.
Relevant information (mainly the feeding status and
body mass growth of the children) and data were
extracted from weekly telephone follow-up post-
discharge up until 44 weeks of corrected gestational
age. The main factors related to the occurrence of
EUGR were then analyzed.

Indications for enteral and parenteral nutrition in
preterm infants: All children were given formula
milk for preterm infants after birth with the volume
of milk gradually increased according to the
actual condition of infant. Briefly, according to the
doctor’s advice, 12ml/kg per day was taken as the
initial milk volume. Infants were fed once/every
two hours, and the milk volume was gradually
increased to 24ml/(kg-d) by the 10th day after
birth. From the 11th day after birth, the feeding
rate increased from 15~20ml/ (kg d) to 140~160ml/
(kg d). For infants whose growth and development
cannot be well met by oral gastrointestinal feeding,
parenteral nutrition was given daily according to
their required heat card.

Evaluation criteria of growth retardation: Fenton
growth curve for preterm infants was used as the
evaluation criteria of IUGR and EUGR at discharge.
Neonates were classified as IUGR if their birth
weight was below the 10th percentile Compared
with newborns of the same gestational age, the
body mass at discharge, corrected gestational(P10).
EUGR was defined in a static way (weight at
discharge below P10 Fenton) and dynamically
(decrease over one standard deviation between
birth and hospital discharge using Fenton). The
percentile reference values of body length, weight,
and head circumference of newborns of the same
gestational age in 15 cities of China were used as
the reference standard. Catch-up growth refers to
a phenomenon of accelerated growth of children
with growth retardation caused by disease status
after removing disease factors.’
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Table-I: Comparison of the occurrence of EUGR in children
with different gestational ages post-discharge.

EUGR occurs at discharge

Gestational age group at birth n
Weight (48 cases)  Length (55 cases) Head circumference (29 cases)
<32 weeks group 43 25 (58.14) 24 (55.81) 16 (37.21)
32~35 weeks group 61 18 (29.51) 26 (42.62) 11 (18.03)
>35 weeks group 28 5 (17.86) 5 (17.86) 2(7.14)
X - 14.195 10.094 9.968
P - 0.001 0.006 0.007

By analyzing the data, children were divided
into groups according to their birth gestational
age: gestational age <32 weeks, 32~35 weeks and
>35 weeks and weight (<1-500 g, 1,500~2,500 g and
>2,500 g). The incidence of EUGR at discharge was
compared and analyzed, and multivariate logistic
regression analysis was performed.

Statistical analysis was performed by SPSS 22.0
software. All measurement data are expressed
in (Xt s) and for t-test; The counting data is
expressed as a percentage “n (%)” and analyzed
x? inspection. The risk factors were analyzed by
logistic regression analysis. When p<0.05, the
difference was considered statistically significant.

RESULTS

A total of 132 preterm infants (72 males and 60
females) were included in the study. The average
gestational age of the infants was (33.10+2.10)
weeks, average birth weight was (2.10+0.35) kg,
average length of hospital stay was (18.89+2.10)
days, and the average corrected gestational age at
discharge was (36.65+1.06) weeks.

The analysis of data showed 43 children with
gestational age <32 weeks, 61 children with
gestational age of 32~35 weeks and 28 children
with gestational age >35 weeks. According to

weight, length and head circumference, EUGR was
diagnosed in 48 (36.36%) preterm infants in the
<32 weeks group, 55 (41.67%) infants in the 32~35
weeks group, and 29 (21.97%) infants in the >35
weeks group (Table-I). As summarized in Table-I,
there was a significant correlation between the
incidence of EUGR and the weight, length and head
circumference of preterm infants of different birth
ages (P<0.05).

Among 132 infants in the study, 16 children had
birth weight <1500 g, 93 children were with birth
weight between 1500~2500 g and 23 children-
with birth weight >2500 g. There was a significant
association between EUGR and weight, body length
and head circumference of infants with different
birth weight (P<0.05) as shown in Table-II.

Infants were then divided into EUGR group
(n=48) and non-EUGR (n=84) groups according to
their weight, and gestational age, length of hospital
stay and related complications between the two
groups were compared. As shown in Table-11I, birth
gestational age and birth weight of children in the
EUGR group were significantly lower than in the
non EUGR group (P<0.001). Infants in the EUGR
group had higher incidence of IUGR compared to
non-EUGR group (P<0.001). Age of first intestinal
feeding in the EUGR group was lower than in

Table-II: Comparison of the occurrence of EUGR in children
with different birth weights post-discharge.

EUGR occurs at discharge

Birth reorganization n
Weight (48 cases) Length (55 cases) ~ Head circumference (29 cases)

<1500 g group 16 11 (68.75) 10 (62.50) 7 (43.75)
1500~2 500 g group 93 33 (35.48) 41 (44.09) 21 (22.58)
>2 500 g group 23 4 (17.39) 4 (17.39) 1 (4.35)
X2 - 10.861 8.658 8.614
P - 0.004 0.013 0.013
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Table-III: Comparison of basic data of children in EUGR group and non-EUGR group.

Factor ;1{22;11{%5) groft;lf(if%) X/ P

Male/female (example) 47/37 25/23 0.184 0.668
Gestational age (s, weeks) 33.83+1.96 31.81£1.70 6.220 <0.001
Birth weight (s, g) 2180.84+£372.21  1958.33+£265.18 3.987 <0.001
Hospitalization time (s, d) 18.63+1.73 19.35+2.60 1.722 0.089
Birth weight recovery time (s, d) 10.48+2.66 11.27£2.09 1.870 0.064
Incidence rate of IUGR[n(%)] 9(10.71) 25(52.08) 27.336 <0.001
Complications during pregnancy[n(%)] 24(28.57) 15(31.25) 0.105 0.746
Age of first enteral feeding (s, d) 1.35+1.23 2.07+0.18 4.071 <0.001
Time for total gastrointestinal nutrition (s, d) 11.92+2.00 14.81+2.21 7.699 <0.001
Digestive system 3(3.57) 8(16.67) 6.857 0.009
Respiratory system 8(9.52) 11(22.92) 4.446 0.035
Blood system 20(23.81) 13(27.08) 0.175 0.676
Cardiovascular System 10(11.90) 5(10.42) 0.067 0.796
Urinary system (3.57) 1(2.08) 0.230 0.631
nervous system 13(15.48) 7(14.58) 0.019 0.891
Metabolic disorders 65(77.38) 43(89.58) 3.057 0.080

non-EUGR group (P<0.001), and the time of first DISCUSSION

gastrointestinal nutrition was significantly delayed
compared to non-EUGR group (P<0.001). There
was markedly higher incidence of respiratory
complications in the EUGR group as compared to
non-EUGR group (P<0.05).

Logistic regression analysis was next performed
with EUGR at discharge as the dependent variable
and birth gestational age, birth weight, IUGR,
time of first intestinal feeding, complications
of digestive system and respiratory system as
independent variables. As shownin Table-1V, small
gestational age, low birth weight, intrauterine
growth retardation, late first intestinal feeding
and digestive and respiratory diseases were all
independent risk factors for EUGR in premature
infants (P<0.05).

EUGR not only affects the short-term physical
development and incidence of related complications
of newborns, but also have a serious impact on their
long-term growth and development, especially the
development of nervous system.! It can negatively
affect metabolic indexes and blood pressure levels
of children in early adolescence, thus increasing
the risk of metabolic syndrome and cardiovascular
disease. 2 At present, numerous studies show that
intrauterine growth retardation, low birth weight
and small birth age are high- risk factors for EUGR
in preterm infants.”* However, some researchers
believe that gender, postnatal complications and
the first intestinal feeding time are also important
factors leading to EUGR in preterm infants.'>'

Table-1V: Logistic regression analysis of risk factors for EUGR when premature infants post-discharge.

Variable B S.E. Wald daf p OR 95%CI

Gestational age at birth -0.77 0.286 7.221 1 0.007 0.463 0.264~0.812
Birth weight 0.004 0.002 5.007 1 0.025 1.004  1.000~1.007
IUGR 1.971 0.626 9.902 1 0.002 7177  2.103~24.495
Age of first enteral feeding 0.399 0.218 3.328 1 0.068 1.490  0.971~2.286
Time for total gastrointestinal nutrition 0.921 0.243 14.367 1 P<0.001 2511 1.560~4.043
Digestive system 2.206 1.076 4.203 1 0.04 9.080  1.102~74.824
Respiratory system 1.99 0.797 6.228 1 0.013 7315  1.533~34.911
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The results of this study show a significant
correlation between the low gestational age and
birth weight and the risk of EUGR. Carducci B et
al.”” analyzed the association of premature EUGR
with gestational age < 34 weeks, and showed that
the proportion of premature infants with birth
weight <1500 g and gestational age <28 weeks in the
delayed group was significantly higher than that in
the control group. EUGR is defined as a varying
degree of hindered growth and development
during the first few weeks after birth due to severe
malnutrition. Although there is a phenomenon of
“catch-up growth” within two months after birth,
most children with EUGR show significantly less
growth and development indicators after discharge,
such as chest circumference, head circumference
and weight, compared with the corresponding
expected value of intrauterine growth rate.®

There are many reasons for the occurrence of
EUGR after discharge of preterm infants. Darmun
D et al® showed that compared with normal
preterm infants, preterm infants in an EUGR group
have low birth weight, small gestational age, high
proportion of intrauterine growth retardation.
EUGR was also associated with high proportion of
pregnant women with pregnancy complications.
These findings are in agreement with the results of
our study.

Limitation of the study: The main limitation of
this study is that all data was acquired from a
single center retrospectively and relied on accurate,
detailed and available preterm data. Further large-
scale and multi-center studies are needed to confirm
our observations.

CONCLUSION

The risk of EUGR in preterm infants is high.
The independent risk factors leading to this
complication are small gestational age, low weight,
intrauterine growth retardation, late first enteral
feeding, digestive system diseases and respiratory
diseases. This study may provide reference for the
prevention of EUGR in preterm infants.

REFERENCES

1.  Wang B, Zhang C. Risk evaluation of fetal growth restriction by combined
screening in early and mid-pregnancy. Pak ] Med Sci. 2020;36(7):1708-
1713. doi: 10.12669/ pjms.36.7.1988

2. Liu Q, Yang H, Sun X, Li G. Risk factors and complications of small
for gestational age. Pak ] Med Sci. 2019;35(5):1199-1203. doi: 10.12669/
pjms.35.5.253

3. Yu MX, Zhuang SQ, Gao XY, Tong XM, Yue SJ, Shi LP, et al. Effects of
a nutrient-dense formula compared with a post-discharge formula on
post-discharge growth of preterm very low birth weight infants with
extrauterine growth retardation: a multicentre randomised study in
China. ] Hum Nutr Diet Off ] Br Diet Assoc. 2020;33(4):557-565. doi:
10.1111/jhn.12733

Pak J Med Sci

July - August 2022 Vol. 38 No. 6

4, Zhao X, Ding L, Chen X, Zhu X, Wang J. Characteristics and risk factors for
extrauterine growth retardation in very-low-birth-weight infants. Medi-
cine (Baltimore). 2020;99(47):€23104. doi: 10.1097/MD.0000000000023104

5. Akkaya H, Uysal G. Can hematologic parameters predict treatment of
ectopic pregnancy? Pak ] Med Sci. 2017;33(4):937-942. doi: 10.12669/
pjms.334.12418

6. Cakir SC, Dorum BA, Koksal N, Ozkan H. The effects of maternal preec-
lampsia on inflammatory cytokines and clinical outcomes in premature
infants. Pak ] Med Sci. 2020;36(2):26-31. doi: 10.12669/ pjms.36.2.1316

7. Genoni G, Binotti M, Monzani A, Bernascone E, Stasi I, Bona G, et al. Non-
randomised interventional study showed that early aggressive nutrition
was effective in reducing postnatal growth restriction in preterm infants.
Acta Paediatr Oslo Nor 1992. 2017;106(10):1589-1595. doi: 10.1111/apa.13958

8. Martinez-Jiménez MD, Gomez-Garcia FJ, Gil-Campos M, Pérez-
Navero JL. Comorbidities in childhood associated with extrauterine
growth restriction in preterm infants: A scoping review. Eur ] Pediatr.
2020;179(8):1255-1265. doi: 10.1007/500431-020-03613-8

9. Bonnar K, Fraser D. Extrauterine Growth Restriction in Low Birth
Weight Infants. Neonatal Netw NN. 2019;38(1):27-33. doi: 10.1891/0730-
0832.38.1.27

10. Mohammad N, Jamal T, Sohaila A, Ali SR. Meconium stained liquor and
its neonatal outcome. Pak ] Med Sci. 2018;34(6):1392-1396. doi: 10.12669/
pjms.346.15349

11.  Dorum BA, Ozkan H, Cakir SC, Koksal N, Sen GE. What should be the
protein target for adjustable Human Milk fortification in premature
infants? Pak ] Med Sci. 2019;35(1):277-281. doi: 10.12669/ pjms.35.1.337

12. LiH, Li B, Wen X. Clinical efficacy of phentolamine in the treatment of
feeding intolerance in premature infants with low birth weight. Pak ] Med
Sci. 2020;36(7):1655-1658. doi: 10.12669/ pjms.36.7.2633

13. ShiY, Ji J, Wang C. Exploring the NT-proBNP expression in Premature
Infants with Patent Ductus Arteriosus (PDA) by Echocardiography. Pak J
Med Sci. 2021;37(6):1615-1619. doi: 10.12669/ pjms.37.6-WIT.4853

14. Lu ], Claud EC. Connection between gut microbiome and brain
development in preterm infants. Dev Psychobiol. 2019;61(5):739-751. doi:
10.1002/dev.21806

15. Beal T, Tumilowicz A, Sutrisna A, Izwardy D, Neufeld LM. A review
of child stunting determinants in Indonesia. Matern Child Nutr.
2018;14(4):€12617. doi: 10.1111/mcn. 12617

16. Franz AR, Engel C, Bassler D, Riidiger M, Thome UH, Maier RF, et al.
Effects of Liberal vs Restrictive Transfusion Thresholds on Survival and
Neurocognitive Outcomes in Extremely Low-Birth-Weight Infants: The
ETTNO Randomized Clinical Trial. JAMA. 2020;324(6):560-570. doi:
10.1001/jama.2020.10690

17. Carducci B, Bhutta ZA. Care of the growth-restricted newborn. Best
Pract Res Clin Obstet Gynaecol. 2018;49:103-116. doi: 10.1016/j.bpob-
gyn.2018.02.003

18. Cai Y], Song YY, Huang ZJ, Li J, Xiao XW, Qi JY, et al. Risk factors for
extrauterine growth retardation at discharge in premature infants. Zhong-
guo Dang Dai Er Ke Za Zhi Chin ] Contemp Pediatr. 2015;17(7):659-662.

19. Darmaun D, Lapillonne A, Simeoni U, Picaud JC, Roze JC, Saliba E, et al.
Parenteral nutrition for preterm infants: Issues and strategy. Arch Pediatr
Organe Off Soc Francaise Pediatr. 2018;25(4):286-294. doi: 10.1016/j.
arcped.2018.02.005

Authors’ Contributions: MS: Conceived and
designed the study. JL, MS, YZ, QZ & CL: Collected
the data and performed the analysis. MS: Was
involved in the writing of the manuscript and is
responsible for the integrity of the study. All authors
have read and approved the final manuscript.

Authors:
1. Meng Sun,

Department of Early Childhood Development Center,
2. Jing Lu,

Department of Children’s Rehabilitation,
3. Meng Sun,

Department of Early Childhood Development Center,
4.  Yan Zheng,

Department of Pediatrics,
5. Qiangian Zhu,
Department of Neonatology,
6. Caixia Liu
Department of Neonatology,
1-6: Zaozhuang Maternal and Child Health Hospital,
Zaozhuang, Shandong Province 277100, P.R. China.

www.pjms.org.pk 1648



	_Hlk78903231
	_GoBack
	_GoBack
	_Hlk63751142
	_Hlk63760299
	_Hlk63760250
	_Hlk89022391
	_Hlk85647901
	_GoBack
	_Hlk85648968
	_Hlk68018011
	_Hlk68035726
	_GoBack
	_GoBack
	_GoBack
	_17dp8vu
	_2jxsxqh
	_z337ya
	_3j2qqm3
	_30j0zll
	_1fob9te
	_3znysh7
	_2et92p0
	_tyjcwt
	_3dy6vkm
	_1t3h5sf
	_4d34og8
	_2s8eyo1
	_3rdcrjn
	_26in1rg
	_lnxbz9
	_35nkun2
	_44sinio
	_1ci93xb
	_3whwml4
	_2bn6wsx
	_qsh70q
	_3as4poj
	_1pxezwc
	_49x2ik5
	_2p2csry
	_147n2zr
	_GoBack
	_GoBack
	_GoBack
	_Hlk93836866
	_Hlk89015451
	_GoBack
	_GoBack
	_Hlk81223423
	_GoBack
	_Hlk100225727
	_Hlk100225755
	_Hlk100225820
	OLE_LINK1
	_Hlk95985960
	_GoBack
	_GoBack
	_GoBack
	_Hlk103263638
	_GoBack
	_gjdgxs
	_30j0zll
	_1fob9te
	_3znysh7
	_tyjcwt
	_3dy6vkm
	_1t3h5sf
	_Hlk82525958
	_Hlk85457625
	_Hlk99105387
	_Hlk85794673
	_Hlk83249089
	_Hlk85795471
	_GoBack
	_Hlk103341477
	OLE_LINK2
	OLE_LINK1
	OLE_LINK3
	_GoBack
	_GoBack
	OLE_LINK11
	OLE_LINK12
	OLE_LINK10
	OLE_LINK69
	OLE_LINK70
	OLE_LINK86
	OLE_LINK287
	OLE_LINK76
	OLE_LINK74
	OLE_LINK79
	OLE_LINK81
	OLE_LINK80
	OLE_LINK82
	OLE_LINK87
	OLE_LINK91
	OLE_LINK105
	OLE_LINK144
	OLE_LINK112
	OLE_LINK111
	OLE_LINK113
	OLE_LINK114
	OLE_LINK122
	OLE_LINK120
	OLE_LINK124
	OLE_LINK126
	OLE_LINK128
	OLE_LINK145
	OLE_LINK147
	OLE_LINK188
	OLE_LINK193
	OLE_LINK209
	OLE_LINK210
	OLE_LINK216
	OLE_LINK222
	OLE_LINK221
	OLE_LINK223
	OLE_LINK244
	OLE_LINK250
	OLE_LINK247
	OLE_LINK248
	OLE_LINK260
	OLE_LINK261
	OLE_LINK264
	OLE_LINK262
	OLE_LINK263
	OLE_LINK270
	OLE_LINK271
	OLE_LINK277
	OLE_LINK278
	_Hlk99102001
	_Hlk92795082
	_Hlk92795217
	_Hlk92530364
	_GoBack
	_Hlk92795851
	_Hlk92795898
	_heading=h.yot2k83r5qt6
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_21
	_ENREF_20
	_ENREF_22
	_ENREF_23

