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Abstract: Objective: This study aims to explore the effects of parenteral nutrition and breastfeeding on the dynamic 
expression of serum ghrelin, growth, and immune function in premature infants. Methods: We randomly assigned 
200 premature infants (with a gestational age between 32 to 35 weeks) to a control group and an observation 
group, in a 1:1 ratio. Infants in the control group were breastfed, and those who required more nutrition than breast 
milk were given additional electrolyte solutions according to relevant specifications. Infants in the observation group 
received early parenteral nutrition combined with breastfeeding. ELISA assay was employed to measure the dy-
namic expression of ghrelin in the femoral venous blood of infants at 24 h, 72 h, and 7 d after the delivery. Weight 
gain, albumin, and globulin levels were compared between the two groups at each time point. Results: Serum ghre-
lin expression at 24 h, 72 h, and 7 d after the delivery, weight gain, albumin level, and globulin level were markedly 
higher in the observation group than in the control group (P<0.05). Conclusion: Early parenteral nutrition combined 
with breastfeeding can significantly increase the expression level of serum ghrelin in premature infants, promote 
infant growth, and strengthen immune function.
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Introduction

Progress in perinatal medicine in China results 
in higher birth rates and survival rates of pre-
mature infants. Having underdeveloped physi-
ological functions, especially poor digestive 
systems and immune systems compared to 
full-term infants, premature infants have low 
absorption efficiency of breast milk or artificial 
milk, are prone to intolerance of breast milk or 
artificial milk [1], giving rise to malnutrition, 
higher risks of infection and other complica-
tions, as well as sometimes having impaired 
physical and intellectual development [2]. The 
safe and practical combination of parenteral 
nutrition and breastfeeding based on well-
developed parenteral nutrition supply technol-
ogy can significantly improve the nutritional 
deficiency of premature infants, promote in- 
fant’s growth, and enhance digestive system 
function [3]. Serum ghrelin was found to be 
closely related to feeding intolerance, malnu- 
trition, and growth retardation in premature 

infants [4]. Huang Jingwei stated that early 
detection of serum ghrelin levels had certain 
value in predicting feeding intolerance in pre-
mature infants, and reckoned that exogenous 
ghrelin supplementation might improve intesti-
nal feeding tolerance in premature infants [5]. 
Ghrelin is mainly secreted by gastric mucosal 
gland cells and is present in small amounts in 
the placenta, small intestine, hypothalamus, 
and cerebral cortex. Affected by hormones and 
nutritional status, ghrelin expression is nega-
tively correlated with the growth of premature 
infants [6, 7]. So far, few studies have investi-
gated the effects of parenteral nutrition or 
breastfeeding on serum ghrelin expression and 
its dynamic changes, or investigated the effe- 
cts of serum ghrelin levels on the growth and 
immune function of premature infants. Th- 
erefore, this study will explore the effects of 
parenteral nutrition combined with breastfeed-
ing on the dynamic expression of serum ghrelin, 
growth, and immune function in premature 
infants.
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Materials and methods

Basic information on subjects

We collected 200 premature infants (with a 
gestational ages between 32 to 35 weeks)  
who were admitted to The People’s Hospital  
of Langfang City from June 2018 to June 2019 
as the study subjects. Inclusion criteria: 1. Live 
singleton pregnancy with a gestational age of 
less than 37 weeks, a bodyweight of less than 
2.5 kg, and a head size of less than 33 cm. 2. 
Premature infants receiving nutritional supply 
according to the grouping with obtained in- 
formed consent from their parents. Exclusion 
criteria: 1. Infants with neonatal asphyxia, con-
genital gastrointestinal malformation, genetic 
metabolic disease, neonatal respiratory dis-
tress syndrome, or birth injury. 2. Infants with  
a hospitalization time of less than 7 days. 3. 
Infants whose mothers had pregnant gesta-
tional complications, such as preeclampsia 
and gestational diabetes mellitus.

Methods of nutrition supply

Infants in the control group were given oral or 
nasal breastfeeding based on the sucking, 
swallowing, and gastrointestinal tolerance of 
the infants, and those requiring more nutrition 
than the given breast milk, as suggested by the 
“water amount for newborns and premature 
infants at different ages” were given additional 
glucose solution and electrolyte [8]. The collec-
tion, storage, and transfer of breast milk were 
carried out in strict accordance with relevant 
requirements. Breastfeeding was started with-
in 12 hours after the birth and infants were 
awakened and fed several times. The amount 
of breast milk was from an initial volume of 1 
mL/kg to a final 150 mL/kg, in a stepwise 
increase of 2 mL each time. The amount of 
breast milk was adjusted in time if excessive 
feeding, abdominal distension, and vomiting 
occurred or as required by the abdominal cir-
cumference and abdominal X-rays. Infants were 
kept in warm conditions at a room temperature 
of 28 to 30°C and were monitored for blood 
oxygen, heart rate, and breathing and moni-
tored for infection and bleeding. Non-nutritive 
sucking of a pacifier for 30 minutes was also 
performed 3 hours after breastfeeding. The 
infants were caressed on the head, face, chest, 
abdomen, back, hands, feet, and limbs with a 
stepwise ramp-up in the massage strength and 
rubbed on their large muscle groups, 30 min-
utes before the breastfeeding when infants 
were awake and quiet, twice a day. The mas-
sage time was gradually extended from 1 min-
ute to 15 minutes.

In addition to breastfeeding and infant touch 
designed for the control group, infants in the 
observation group also received early paren-

Table 1. Comparison of baseline data of infants and their mothers between the two groups
Group Control group (n=100) Observation group (n=100) t/χ2 P
Infant
    Boy/girl 49/51 47/53 0.080 0.777
    Gestational age 34.2±1.3 34.0±1.4 0.526 0.423
    Birth weight (g) 2342.5±156.8 2325.7±144.9 0.726 0.312
    Birth head size (cm) 31.8±0.6 31.7±0.5 0.253 0.864
Mother
    Spontaneous delivery/caesarean section 32/68 30/70 0.094 0.760
    Age of pregnancy (year) 32.5±4.6 33.8±4.9 0.432 0.569
    Body mass index (kg/m2) 23.5±1.9 23.4±1.7 0.632 0.357

Figure 1. Detection of serum Ghrelin levels in two 
groups at different time by ELISA. Compared with 
control group, *P<0.05; Compared with control 
group, **P<0.01.
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teral nutrition through the peripherally inserted 
central catheter (PICC). Infants were given an 
intravenous drip of Paediatric Compound Amino 
Acid Injection (50 mL, Shanghai Changzheng 
Fumin Jinshan Pharmaceutical Co., Ltd.) at a 
dose of 35-50 mL/kg/day at a slow drip rate, 
as well as a slow intravenous drip of parenteral 
nutrition solution at an appropriate concentra-
tion which was made from carbohydrates (70 
mL/kg), fat (1.0 g/kg), and a proper amount of 
vitamins and trace elements. Parenteral nutri-
tion input was stopped when intestinal nutri-
tion reached 110-130 kCal/kg per day.

Outcome measures

ELISA assay was employed to measure the 
dynamic expression of ghrelin in the femoral 
venous blood of infants at 24 h, 72 h, and 7 d 
after the delivery. Weight gain, albumin, and 
globulin levels were compared between the  
two groups at each time point. Approximately 6 
mL of fasting peripheral venous blood was 
drawn from infants and stored in an anticoagu-
lant tube and was centrifuged at 2500 r/min  
for 15 minutes to collect the upper serum. 

Statistical analysis was performed by SPSS 
20.0 statistical software. The measurement 
data were expressed by the mean ± standard 
deviation and their pairwise comparison was 
analyzed by the LSD-t test. The count data were 
expressed by the case number or percentages 
and their pairwise comparison was analyzed by 
the χ2 test. The difference was statistically sig-
nificant when P<0.05.

Results

Comparison of baseline data of infants and 
their mothers between the two groups

Premature infants were randomly divided into 
either the control group or the observation 
group, with 100 cases in each group. The two 
groups of infants were comparable in sex, ges-
tational age, birth weight, birth head size, de- 
livery mode, age of the mother in pregnancy, 
body mass index of the mother, and the primi- 
para/multipara ratio (P>0.05). More details are 
shown in Table 1.

Comparison of the dynamic expression of se-
rum ghrelin between the two groups

Serum ghrelin expression at different time po- 
ints in the two groups was measured by ELISA 
assay. The serum ghrelin expression under-
went a stepwise increase in the premature 
infants at 24 h, 72 h, and 7 d in both groups, 
and the serum ghrelin expression was marked-
ly higher in the observation group than in the 
control group at each time point (P<0.05). More 
details are shown in Figure 1 and Table 2.

Comparison of weight gain between the two 
groups

In both groups, the body weights of infants at 
24 h, 72 h, and 7 d were higher than the birth 

Table 2. Comparison of the dynamic expression of serum ghre-
lin between the two groups (ug/L)
Group Control group Observation group t P
Number 100 100
24 h 46.8±9.2 86.7±13.5 23.432 <0.001
72 h 223.5±35.4 403.6±65.7 35.264 <0.001
7 d 652.3±68.7 896.7±86.7 65.325 <0.001
t72 h/24 h/t7 d/72 h 4.277/4.955 5.313/4.762
P72 h/24 h/P7 d/72 h 0.024/0.015 0.006/0.017

Figure 2. Comparison of weight gain between the 
two groups at different time. Compared with con-
trol group, *P<0.05; Compared with control group, 
**P<0.01; Compared with control group, ***P<0.001.

Ghrelin reagent was purchased 
from Jiangsu Beyotime Techno- 
logy Co., Ltd. and its detection 
was performed according to the 
reagent instructions. Radioimmu- 
noassay was used to detect al- 
bumin and globulin using Hitachi 
Fully automatic 3700 biochemical 
detector (Japan) and supporting 
reagents.

Statistical analysis
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weight, and the weight gain in the observation 
group at each time point (compared with the 
birth weight) was significantly higher than that 
in the control group (P<0.05). More details are 
shown in Figure 2 and Table 3.

Comparison of serum albumin and globulin 
levels between the two groups

The serum albumin and globulin levels under-
went a stepwise increase in the premature in- 
fants at 24 h, 72 h, and 7 d in both groups, and 

and function, less gastrointestinal hormones 
and digestive enzymes, lower absorption and 
metabolic efficiency of nutrients, and higher 
risks of abdominal distension, vomiting, and 
feeding intolerance [9, 10]. To prevent compli-
cations such as hypothermia and jaundice,  
the vital signs of premature infants should be 
closely monitored in an independent space, 
which can lead to postponed first breastfeed-
ing, irregular feeding, inappropriate amount of 
breast milk, and delayed nutritional supply [11, 
12]. Parenteral nutrition support is the main 
method to solve this problem. The parenteral 
nutrition solution, containing a variety of vita-
mins, electrolytes, glucose, amino acids, and 
trace elements, can provide premature infants 
who are incapable of normal feeding with the 
same nutrients as provided in the uterus, 
ensuring a proper trophic basis outside the 
uterus. Unlike breastfeeding that may be insuf-
ficient in the milk volume, early parenteral nutri-
tion can adjust the supply according to the 
nutritional needs of premature infants at dif- 
ferent ages to ensure normal physical growth 
[13, 14]. Jin Xia stated that total parenteral 
nutrition could significantly enhance nutrient 
absorption, promote behavioral development, 
and strengthen immune function in premature 
infants [15]. Parenteral nutrition solution can 
mimic the composition of breast milk to pro-
mote the absorption efficiency in premature 
infants [16] and reduce the risk of feeding intol-
erance and parenteral nutrition associated 
cholestasis (PNAC) [17]. PNAC is more common 
in premature infants than in full-term infants, 
especially in those receiving parenteral nutri-
tion (an incidence of approximately 18-24%), 
severely suppressing the normal physical and 
mental development of infants [18, 19]. Chen 
Xu found that early minimal feeding combined 
with parenteral nutrition could significantly im- 
prove the clinical condition of premature in- 
fants, relieve the symptoms of vomiting and 

Table 3. Comparison of weight gain between the two groups 
(g)
Group Control group Observation group t P
Number 100 100
24 h 46.8±9.2 86.7±13.5 23.432 <0.001
72 h 223.5±35.4 403.6±65.7 35.264 <0.001
7 d 652.3±68.7 896.7±86.7 65.325 <0.001
t72 h/24 h/t7 d/72 h 4.277/4.955 5.313/4.762
P72 h/24 h/P7 d/72 h 0.024/0.015 0.006/0.017

Figure 3. Comparison of serum albumin levels be-
tween the two groups. Compared with control group, 
*P<0.05; Compared with control group, **P<0.01.

Figure 4. Comparison of globulin levels between the 
two groups. Compared with control group, *P<0.05; 
Compared with control group, **P<0.01.

the serum albumin and globulin 
levels were markedly higher in the 
observation group than in the  
control group at each time point 
(P<0.05). More details are shown 
in Figures 3, 4 and Tables 4, 5.

Discussion

As compared with full-term infants, 
premature infants have underde-
veloped gastrointestinal structure 
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abdominal distension, promote recovery, and 
shorten the time of hospital stay [20].

Ghrelin, a peptide hormone composed of 28 
amino acids, is mainly secreted by gastric 
mucosal gland cells and is present in small 
amounts in the placenta, small intestine, hypo-
thalamus, and cerebral cortex. Ghrelin level is 
affected by hormones and nutritional status 
and is found to be negatively correlated with 
the growth of premature infants [21]. Studies 
have also proved the close relationship betw- 
een ghrelin and feeding intolerance, malnutri-
tion, and growth retardation in premature in- 
fants. A previous study holds that properly 
designed feeding modes for different prema-
ture infants, combined with enteral nutrition, 
non-nutritive sucking, and soft skin touch, 
could effectively boost the growth and deve- 
lopment of infants, increase the expression of 
ghrelin, and enhance the function of T lympho-
cytes to achieve catch-up-growth [22]. So far 
few studies have investigated the effects of 
parenteral nutrition or breastfeeding on serum 
ghrelin expression and its dynamic changes, or 
investigated whether the change in serum ghre-
lin levels affects the growth and immune func-
tion of premature infants [23, 24]. This study 
focused on the effects of early parenteral nutri-
tion combined with breastfeeding in premature 

and feeding tolerance, rationalize and upgrade 
the nutrition supply, and promote infant growth, 
providing guidance for the treatment of prema-
ture infants [25, 26].

The novelty of this study lies in noting the role 
of ghrelin in the growth and development of 
premature infants. Early parenteral nutrition or 
enteral nutrition in premature infants who can-
not be breastfed in time or have low breast-
feeding efficiency can increase ghrelin expres-
sion, boost the development of digestive sys-
tem function, facilitate energy absorption, and 
promote catch-up-growth and intellectual de- 
velopment. This study is limited by the small 
sample size and short observation time, so fur-
ther research should be made to verify the 
results of this study.

In summary, early parenteral nutrition combin- 
ed with breastfeeding can significantly incre- 
ase the expression level of serum ghrelin in  
premature infants, promote infant growth, and 
strengthen immune function.
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Table 4. Comparison of serum albumin levels between the 
two groups (g/L)
Group Control group Observation group t P
Number 100 100
24 h 23.4±3.1 26.4±3.5 3.659 0.025
72 h 25.6±3.3 29.7±3.6 3.926 0.02
7 d 30.8±3.5 35.4±3.8 4.125 0.018
t72 h/24 h/t7 d/72 h 4.113/5.523 5.076/4.205
P72 h/24 h/P7 d/72 h 0.022/0.003 0.005/0.020

Table 5. Comparison of globulin levels between the two 
groups (g/L)
Group Control group Observation group t P
Number 100 100
24 h 15.4±2.6 19.6±2.8 4.256 0.016
72 h 18.6±3.1 23.2±3.2 4.468 0.011
7 d 22.3±3.2 26.8±3.5 4.986 0.007
t72 h/24 h/t7 d/72 h 3.776/4.008 3.245/3.779
P72 h/24 h/P7 d/72 h 0.031/0.023 0.033/0.030

infants. We found that the serum 
ghrelin expression at 24 h, 72 h, and 
7 d after the delivery, weight gain, 
albumin levels, and globulin levels 
were markedly higher in the observa-
tion group than in the control group 
(P<0.05). Such findings suggest that 
the use of early parenteral nutrition 
in premature infants who cannot be 
breastfed in time or who have low 
breastfeeding efficiency, can incre- 
ase the ghrelin expression, improve 
physical development and neurobe-
havioral ability, and strengthen im- 
mune function. Parenteral nutrition 
may regulate serum ghrelin concen-
tration in premature infants, but the 
specific underlying mechanism is not 
yet clear. Previous studies have con-
firmed that parenteral nutrition can 
affect serum ghrelin levels and re- 
gulate its synthesis and secretion or 
its receptor expression in premature 
infants, improve energy metabolism 
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