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Abstract. – OBJECTIVE: The aim of this work 
was to investigate the correlation between dynam-
ic changes of serum insulin-like growth factor 1 
(IGF-1), growth hormone (GH), neuroglobin (NGB), 
and neonatal behavioral neurological assessment 
(NBNA) scores in different periods in neonates 
with hypoxic ischemic encephalopathy (HIE). 

PATIENTS AND METHODS: Sixty HIE pa-
tients in the Neonatal Department of our hos-
pital were selected. They were divided into the 
mild group (35 cases), moderate group (19 cas-
es), and severe group (six cases) according to 
the diagnostic criteria. During the same period, 
18 neonatal patients born at term in our hospital 
were chosen as the control group. Data were an-
alyzed by SPSS19.0 statistical software (SPSS 
Inc., Chicago, IL, USA). The dynamic changes 
of IGF-1, GH, and NGB in different periods, as 
well as NBNA scores in HIE patients and in the 
control group, were analyzed. Furthermore, we 
analyzed the degree of correlation of IGF-1, GH, 
and NGB in different periods as well as NBNA 
scores in HIE patients and in the control group.  

RESULTS: 1- IGF-1 levels between the three 
groups of HIE patients and control group had 
significant differences (p<0.05); 2- Comparing GH 
levels between the HIE experimental groups and 
control group, there was no statistical signifi-
cance; 3-Comparing serum NGB levels between 
the three HIE experimental groups and control 
group, there were significant differences (p<0.05); 
4- Comparing NBNA scores of the three groups 
of HIE patients and control group, there was a 
significant difference between the mild group and 
control group; 5- Serum IGF-1 and NBNA scores 
were positively correlated in the acute and recov-
ery phase, while NGB level and NBNA scores were 
negatively correlated in the acute and recovery 
phase (p<0.05), which had statistical significance.  

CONCLUSIONS: In neonatal HIE, serum IGF-
1, GH, and NGB levels change. IGF-1 and NGB 
levels correlate with the prognosis of HIE.
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Introduction

Neonatal hypoxic-ischemic encephalopathy 
(HIE) has several causes. The most common caus-
es are abnormal amniotic fluid, hypoxia caused by 
extrusion in the process of childbirth, and coiling 
of the umbilical cord around the neck. These re-
sult in hypoxia-ischemia of brain tissue1, which 
can result in corresponding damage and changes. 
Compared with premature infants, term infants 
often have higher incidence rates, generally char-
acterized by: increased or reduced fetal heart rate, 
amniotic fluid severely contaminated by meco-
nium, the existence of abnormal manifestations 
when rescue and recovery were performed after 
birth, such as action behaviors (shaking or active 
embrace reflex), muscular tension or primitive re-
flexes, central respiratory failure, and convulsion2. 
According to its severity, HIE is divided into mild, 
moderate, or severe. Mild is characterized primar-
ily by nervous excitation, moderate by symptom 
inhibition (inhibited state, sleepiness or shallow 
coma, and decreased muscle tone), and severe by 
coma3. Among all body tissues, brain tissue metab-
olism is the most active. Therefore, hypoxia-isch-
emia frequently leads to damage of the nervous 
system, which can cause dysgnosia and cerebral 
palsy in neonates to a great extent. Neonatal be-
havioral neurological assessment (NBNA) can be 
used to comprehensively assess the nervous sys-
tem and can reveal the degree of brain damage to 
HIE patients to some degree4. As a human growth 
hormone, insulin-like growth factor 1 (IGF-1) is an 
active polypeptide that plays an important role in 
proliferation and regulation of the nervous system. 
Growth hormone (GH) in serum also affects the 
expression and secretion of IGF-1. Studies have 
shown that GH affects the development of the neo-
natal nervous system. As a globulin, neuroglobin 
(NGB) can efficiently bind oxygen molecules and 
increase the oxygen utilization rate of brain tissue5. 
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The aim of the present work was to evaluate the 
relationship between changes of IGF-1, GH, and 
NGB levels in neonates with HIE, NBNA scores 
and disease severity.

Patients and Methods

Patients
Sixty patients with HIE who were hospitalized 

in the Neonatology Department of Xuzhou Chil-
dren’s Hospital from October 2011 to April 2013 
were included in this study (32 males and 28 fe-
males). According to the diagnostic criteria, the pa-
tients were divided into three groups; mild, moder-
ate, and severe group (Table I). There were 35 mild 
cases, 19 moderate cases, and six severe cases. Ad-
ditionally, 18 neonatal patients born at full term in 
the Obstetrical Department of our hospital during 
the same period were selected as the control group, 
including 10 males and eight females.

Inclusion criteria: gestational age was from 
37-42 weeks; the birth weight of all neonates in 
the experimental group and control group was 
from 2,500-4,000 g; all pediatric HIE patients 
met the diagnostic criteria and were diagnosed as 
mild, moderate, or severe cases; the general con-
dition of the mother was good; subjects had no 
congenital malformations or metabolic diseases; 
all sample collections and evaluations of NBNA 
score were conducted with informed consent and 
agreement. Exclusion criteria: patients who died 
or whose parents expressed the desire to reject the 
continuation of the study; congenital brain abnor-
malities or convulsions caused by metabolic dis-
eases; patients with parents with history of taking 
drugs, or present or long-term smoking; patients 
who did not meet the inclusion criteria. The ap-

proval for the study was obtained from the Ethics 
Committee of the Xuzhou Children’s Hospital. 
Written informed consent was obtained from the 
legal guardians.

Sample Collection
Serum samples from all HIE patients in the 

experimental group were collected within 1 day 
(acute phase) and 14 days (recovery phase) after 
birth. Serum was collected from children in the 
control group on the first day after birth. A total of 
3 ml femoral venous blood was drawn and slow-
ly injected into non-anticoagulant vacuum blood 
tubes. Following incubation for 20 min at 28-30°C, 
samples were centrifuged at 1000 × g for 5-10 min. 
The upper layer of serum was stored in Eppendorf 
(EP) tubes at -90°C until use. Serum was used to 
measure the levels of IGF-1, GH, and NGB. 

Measurement of IGF-1

Serum IGF-1 levels were measured by 
ABC-ELISA, also known as double antibody 
sandwich method. The kit was from R&D Corpo-
ration (Minneapolis, MN, USA). First, an IGF-1 
single antibody was used to coat the enzyme-la-
beled plate. While adding anti-human IGF-1, IGF-
1 was allowed to bind with the single antibody, 
including that from samples and standards. The 
formation of the immune complex and the en-
zyme-labeled plate are connected with each oth-
er, and the reaction color is changed by optical 
path difference (OPD) as the reaction enzyme. 
Solutions were presented as yellow and sulfuric 
acid solution was used as stop buffer. The optical 
density (OD) value at 490 nm was measured. The 
independent variable was the concentration of the 

Table I. HIE scale division.

Scale division	 Mild	 Moderate	 Severe	
		
Consciousness	 Hyperexcitation	 Somnolent state	 Coma
Moro reflex	 More active	 Incomplete	 Disappeared
Sucking reflex	 Normal	 Weakened	 Disappeared
Convulsion state	 Accidental myoclonus	 Frequently	 Frequently occurred
Muscular tension	 Normal	 Decreased	 Weakened
Pupil changes	 Normal or enlarged	 Shrunk, being slow	 Absent light reflex 
		    to responding to light	
Central respiratory failure	 None	 Yes	 Severe
Bregma tension	 Normal	 Normal or slightly plump	 Plump
Patient's condition	 In general, course 	 <14 days, with sequelae	 Continuing for several
  and prognosis	   of disease <3 days and 		    weeks, with high
	   the prognosis is good		    death rate
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IGF-1 standard solution and the dependent vari-
able was OD 490 nm. The concentration of IGF-
1 in samples was calculated with reference to a 
standard curve. Standard curves were construct-
ed as follows. Ten standard wells were used, 100 
μl for each well. A total of 100 μl of diluted stan-
dard solution was placed in the first well. Next, 
100 μl of solution from the first well was placed 
in the second well after being mixed evenly. This 
method was repeated to exponentially dilute solu-
tions to the 9th well. Finally, 100 μl liquid from the 
9th well was discarded so that each well contained 
100 μl. The 10th well was used as the control well 
and the details are as follows. 1- a total of 50 μl 
solution was added to each well, including 50 μl 
diluted standards and 50 μl of the sample to be 
tested. After being mixed, they were incubated at 
37-38°C for roughly 30 min; 2- the reaction plate 
was washed five times with washing solution, and 
then dried; 3- a total of 50 μl of the first antibody 
solution was added to each well and placed at 
37-38°C for 30 min; 4- washing was performed 
again; 5- a total of 100 μl substrate working liq-
uid was added to each well. After incubation at 
38°C for 10 min, sulfuric acid solution was add-
ed to each well as stop buffer. After being mixed 
evenly, light absorption at 490 nm was measured; 
6- the OD standard curve was constructed. The 
levels of IGF-1 were measured with reference to 
the standard curve.

Measurement of GH

Serum GH levels were measured by radioim-
munoassay and the kit was purchased from Biofuge 
prime Heraeus (Porton Down, UK), with the de-
termination range of 1-100 μg/l. After being mixed 
evenly at room temperature, 100 μl 130IGH antibody 
and 100 μl serum were incubated for 24-30 h. Next, 
500 μl immune separating agent was added and 
mixed evenly. After 20 min of incubation, samples 
were centrifuged at 4,000 rpm for 15 min and the 
supernatant was collected. The emanation coeffi-
cients of all tubes were automatically analyzed by a 
computer provided by Beijing Keya Biotechnology 
to calculate the results (Beijing, China).

Measurement of NGB

Serum NGB levels were measured by ELISA. 
The reaction was carried out at room tempera-
ture. The steps were as follows: 1- diluted NGB 

monoclonal antibody was coated on 100 wells of 
the enzyme-labeled plate. A total of 100 μl was 
added to each well and incubated at 5°C for 24 h; 
2- standard plates were thoroughly washed with 
wash buffer five times; 3- each well was treated 
with 150 μl blocking solution. After incubation at 
room temperature for 5 h, washing was conducted 
again; 4- deionized water was used to exponen-
tially dilute NGB standard samples. A total of 50 
μl standards or 50 μl samples to be tested were 
added to appropriate wells. A total of 100 μl-de-
ionized water was added to the last well as the 
blank control group. Each sample was analyzed 
in multiple wells; 5- after incubation at 37°C for 
1 h, washing was conducted again; 6- after that 
100 μl HRP-conjugated goat anti-rabbit IgG were 
added, plates were incubated at 37°C for 1 h; 7- 
after additional washing, 100 μl substrate buffer 
solution was added and incubated at room tem-
perature while being shielded from light for 20 
min; 8- sulfuric acid solution was added to each 
well as stop buffer. The OD standard curve was 
constructed. The independent variable was the 
concentration of NGB standard solution and the 
dependent variable was OD 450 nm. The serum 
concentration of NGB was calculated with refer-
ence to a standard curve.

Determination of Neonatal 
Nervous Behaviors

Physicians from the Department of Chil-
dren Health in our hospital, through profession-
al training, evaluated NBNA scores for the HIE 
experimental group and control group, including 
general condition, action behavior, muscular ten-
sion, and primitive reflex. Each parameter was 
assigned 0-2 points. All parameters were evalu-
ated before sample collection, given the consent 
of family members was obtained. The peripheral 
environment was kept quiet and the temperature 
was maintained at a suitable level. The room tem-
perature was maintained at about 26°C. All evalu-
ation parameters were conducted in sleeping chil-
dren at 1 h after being fed (Table II). 

Statistical Analysis
SPSS18.0 statistical software (SPSS Inc., Chi-

cago, IL, USA) was used for data analysis. All 
data are presented as mean ± standard deviation 
(X±s). X2 test was applied for enumeration data. 
Pearson test was applied to compare and analyze 
the correlation between constants and variables. 
p<0.05 was considered statistically significant. 
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Results

Comparison of General Conditions
Between the HIE Experimental Group 
and Control Group

 The experimental group included 60 cases of 
HIE who were divided into mild, moderate, and 
severe according to disease severity, including 

35 mild cases, 19 moderate cases, and six severe 
cases. The control group included 18 healthy 
neonates, including 10 males and eight females. 
Comparing general parameters between the ex-
perimental group and control group, there were 
no significant differences in gestational age, 
birth weight, delivery mode, or gender (p>0.05) 
(Table III). 

Table II. Relevant parameters of NBNA scores.

Parameter	 General state		  Scores

		  0 points	 1 point	 2 points
	
General situation
    Crying	 Crying	 None	 Weak	 Normal
    Range of motion	 Activity awakening	 Excessive	 Decreased	 Normal
    Degree of awakening	 Awakening	 Coma	 Somnolence	 Normal

Action behavior
    Formation of sound habit	 In sleep	 >10 times	 6–10 times	 <6 times
    Formation of light habit	 In sleep	 >10 times	 6–10 times	 <6 times
    Sensitivity for the 	 Awakening	 No eyeball	 Oculogy-	 Oculogy-
      face of speaker		    reaction	   ration<50°	   ration>50°
    Response to red ball	 Awakening	 No eyeball	 Oculogy-	 Oculogy-
		    reaction	   ration<50°	   ration>50°
    Coaxing and embracing	 Crying	 Cannot	 Difficult	 Easy

Primitive reflex
    Sucking reflex	 Awakening	 None	 Weaker	 Better
    Embrace reflex	 Awakening	 None	 Weaker	 Better
    Stepping reflex	 Awakening	 None	 Weaker	 Better

Muscular tension				  
    Traction reaction	 Awakening	 None	 Some parts of body 	 All limbs could
			     could be lifted	   be lifted
    Straight hold reaction	 Awakening	 None	 Supporting some 	 Supporting the
			     parts of body	   whole body
    Hand prehension	 Awakening	 None	 Weaker	 Better
    Erect head	 Awakening	 None	 More difficult	 Easy
    Scarf sign	 Awakening	 Worn around 	 Elbow slightly	 Elbow fails to
		    the neck	   exceeds median	   reach median
    Forearm back rebound	 Awakening	 None	 Weaker	 Active
    Lower limb rebound	 Awakening	 None	 Slow and weak	 Fast

Table III. Comparison of general parameters between the experimental group and control group.

Group	 Cases	 Gestational	 Birth	     Delivery mode	        Gender
		    age (W)	   weight (g)	
				    Cesarean	 Eutocia	 Male	 Female
				      section		

Control group	 18	 39.44±1.33	 3541.49±321.01	 7	 11	 10	 8
Mild HIE	 35	 39.25±1.41	 3536.48±350.11	 15	 20	 19	 16
Moderate HIE	 19	 39.62±1.59	 3349.27±381.01	 9	 10	 11	 8
Severe HIE	 6	 39.19±1.78	 3391.35±430.82	 2	 4	 3	 3
F/χ2		  1.434	 1.196	 1.63		  2.01	
p		  >0.5	 >0.5	 >0.5		  >0.5	

Note: p>0.05, the difference had no statistical significance.
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Comparison of Serum IGF-1 
Levels of all HIE Groups in the Acute
and Recovery Phase

Serum IGF-1 levels of the mild, moderate, and 
severe HIE groups and control group in the acute 
and recovery phase were compared. The levels 
in all groups had significant differences. In the 
recovery phase, the IGF-1 levels in the control 
group and mild group were compared, and the 
difference had no statistical significance. How-
ever, there were evident differences between the 
control group, moderate group, and severe group; 
(p<0.05). The IGF-1 levels in the mild group were 
higher than in the moderate group. The IGF-1 lev-
els in the moderate group were higher than in the 
severe group. The IGF-1 levels in the severe group 
were lower than in the other three groups. These 
data demonstrate that IGF-1 levels differ signifi-
cantly with the severity of the patient’s condition. 
Condition of increased severity was associated 
with lower IGF-1 level (Table IV and Figure 1).

Comparison of Serum GH Levels 
in all HIE Groups in the Acute 
and Recovery Phase 

Serum GH levels in the mild, moderate, and 
severe HIE groups in the acute and recovery 
phase were compared, and there were no signif-
icant differences (p>0.05) (Table V and Figure 2). 

Comparison of Serum NGB Levels
in all HIE Groups in the Acute
and Recovery Phase

In the acute and recovery phase, the serum 
NGB levels in all HIE groups and the control 
group in the acute phase were compared, and 
there were significant differences. The serum 
NGB levels between the mild group and moder-
ate group, between the moderate group and severe 
group, and between the mild group and severe 
group were compared, and the differences were 
statistically significant (p<0.05) (Table VI and 
Figure 3). 

Table IV. Comparison of serum IGF-1 levels of all HIE 
groups in the acute and recovery phase.

Group	 Cases	               IGF-1 level

		  Acute	 Recovery
		  phase	 phase

Control group	 18	 53.36±6.51	 60.142±5.82
Mild HIE 	 35	 36.12±2.49	 58.26±6.4
Moderate HIE	 19	 29.22±3.68	 41.39±7.0
Severe HIE	   6	 18.73±3.01	 24.15±4.56
F/χ2		  8.53	 7.26
p		  <0.05	 <0.05

Note: p<0.05, the difference had statistical significance.

Figure 1. Comparison of IGF-1 levels in serum of all HIE 
groups in the acute and recovery phase.

Table V. Comparison of serum GH levels in all HIE groups 
in the acute and recovery phase.

Group	 Cases	               GH level

		  Acute	 Recovery
		  phase	 phase

Control group	 18	 28.81±5.32	 11.03±3.98
Mild HIE 	 35	 29.16±4.99	 11.21±3.67
Moderate HIE	 19	 19.87±3.05	 8.37±2.13
Severe HIE	   6	 8.56±4.43	 5.76±4.19
F/χ2		  2.212	 1.891
p		  >0.05	 >0.05

Note: p>0.05, the difference had no statistical significance.

Figure 2. Comparison of GH levels in serum of all HIE 
groups in the acute and recovery phase.
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Comparison of NBNA Scores in all HIE 
Groups in the Acute and Recovery Phase 

The NBNA scores in the mild, moderate, and 
severe HIE groups were compared with those of 
the control group. There was no obvious differ-
ence between the mild group and control group. 
There were significant differences between the 
mild group, moderate group, and severe group; 
between the moderate group, control group, mild 
group, and severe group; and between the severe 
group, control group, mild group, and moderate 
group (p<0.05) (Figure 4).

Analysis of the Correlation Between
Serum IGF-1, GH, and NGB Levels
in HIE Patients and NBNA Scores 

IGF-1 in serum from the mild, moderate, and 
severe HIE groups were positively correlated with 
NBNA scores (r=0.892, p<0.05, r=0.910, p<0.05). 
This shows that increased severity of the patient’s 
condition was associated with lower IGF-1 level 
and lower NBNA score. However, the NGB level 

and NBNA scores showed a negative correlation 
in the acute and recovery phase (r=-0.63, p<0.05, 
r=-0.71, p<0.05), and there was statistical signif-
icance. GH level and NBNA scores had no cor-
relation in the acute and recovery phase (Figures 
5, 6, 7, 8). 

Discussion

Clinically, the anoxia of brain tissue is caused 
by various factors such as toxicity, asphyxia, or in 
utero wrapping of the cord around the neck causes 
HIE6. Moderate HIE can cause cerebral palsy and 
disorders of mental development to a great ex-
tent, which increases the death rate and severely 
lowers the quality of life of pediatric patients7. If 
hypoxia-ischemia in children can be identified as 
early as possible, and proper measures are applied 
for treatment and intervention, the asphyxia rate 
and death rate at birth and in the perinatal period 
can be effectively lowered, which has irreplace-
able significance for improving quality of life8. 
IGF-1 is a regulatory factor of the nervous system 
with polypeptide composition9. With regard to the 
association of the condition of patients with HIE, 
there is a correlation, especially with the growth 
speed and degree of differentiation of neonatal 
nerve cells, which indirectly shows that it can 
promote the generation of new cells, tissues, and 
vessels, and lower the occurrence rate of death of 
cells of the nervous system10. When neonates have 
hypoxia-ischemia in utero or at birth, IGF-1 can 
play a significant role in protecting the nervous 
system. IGF-1 is polypeptide hormone generated 
and secreted by liver cells11. 

Table VI. Comparison of serum NGB levels in all HIE 
groups in the acute and recovery phase.

Group	 Cases	               NGB level

		  Acute	 Recovery
		  phase	 phase

Control group	 18	 79.56±3.21	 26.37±3.88
Mild HIE 	 35	 88.63±4.91	 29.76±5.35
Moderate HIE	 19	 182.36±6.22	 95.35±5.76
Severe HIE	   6	 285.32±4.16	 163.75±6.23
F/χ2		  9.27	 8.63
p		  <0.05	 <0.05

Note: p>0.05, the difference had statistical significance.

Figure 3. Comparison of NGB levels in serum of all HIE 
groups in the acute and recovery phase.

Figure 4. Comparison of NBNA scores of all HIE groups in 
the acute and recovery phase.
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Relevant researches showed that IGF-1 can 
protect the nervous system of children with HIE 
by different mechanisms, including lowering the 
pressure of neonatal brain blood vessels and de-
creasing the death rate of brain cells12. When new-
borns have HIE, the body automatically generates 
a response. IGF-1 in peripheral blood is transport-
ed to the brain cells of children via specific chan-
nels, thus effectively preventing the condition 
from progressing13. In this work, we compared se-
rum IGF-1 levels in the HIE experimental groups 
and control group in the acute and recovery phase. 

There were significant differences between the 
levels in all groups. According to related studies, 
GH has a maintenance effect on nerve cells. Fur-
thermore, GH affects the synthesis and secretion 
of IGF-114. However, there is no established data 
showing whether it correlates with the severity of 
HIE and NBNA scores15. In this study, the rela-
tionship between serum GH level and the severity 
of HIE was not obtained from data analysis and it 
had no significant correlation with NBNA scores. 
NGB is a protein that functions in oxygen trans-
port. A substantial amount of data has shown that 

Figure 5. Correlation 
between serum IGF-1 
level and NBNA scores 
in the acute phase.

Figure 6. Correlation 
between serum IGF-1 
level and NBNA scores 
in the recovery phase.
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NGB can protect hypoxic-ischemic brain cells to 
a great extent16. First, NGB can reversibly bind 
oxygen molecules. Under the condition of hypox-
ia-ischemia, it can effectively bind oxygen with 
high affinity17 to maintain the normal functions of 
the nervous system. When HIE occurs, the body 
can generate a series of toxic substances such as 
nitric oxide and carbonic oxide. NGB can effec-
tively remove toxic substances and protect the 
nervous system18. This work showed that serum 
NGB levels in all of the HIE groups and control 
group had obvious differences. In addition, the 

NGB levels and NBNA scores showed a negative 
correlation in the acute and recovery phase.

Conclusions

HIE is an intricate disease. Clinically, spe-
cific cases of the disease should be comprehen-
sively evaluated and analyzed by a combination 
of clinical manifestations, physical examination, 
laboratory examination, and imaging analysis of 
pediatric patients. Single indexes cannot be used 

Figure 7. Correlation between serum 
NGB level and NBNA scores in the 
acute phase.

Figure 8. Correlation between serum 
NGB level and NBNA scores in the re-
covery phase.
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to judge the severity and estimate the prognosis 
of a patient’s condition19. To some extent, IGF-1 
and NGB levels correlate with the condition and 
prognosis of HIE. They can be used to roughly 
judge the severity of the HIE patient’s condition, 
although the severity requires further studies20.
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