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Abstract: Purpose: Inflammation is reported to play an important part in mediating injury in neonatal hypoxic-isch-
emic encephalopathy (HIE). Whether inflammatory-related cytokine such as IL-6 and TNF-α is associated with risk of 
HIE remains unknown. Method: In this meta-analysis of 29 clinical trials published to date in Chinese VIP, Wangfang, 
CNKI, Pubmed, Google Scholar database using the keywords “IL-6”, “TNF-α” and “hypoxic-ischemic encephalopa-
thy/HIE”, we selected eligible studies which met the inclusion criterion, extract interested information and analyzed 
outcomes using the Review Manage 5.3 software. Results: Meta-analysis including 1618 HIE newborns and 790 
healthy controls showed that serum IL-6 was significant up-regulated in different states (mild, moderate, severe) 
of neonatal hypoxic-ischemic encephalopathy (HIE) with the value of IV was 2.62, 4.91, 6.55, 95% CI [2.03, 3.22], 
[4.01, 5.80], [5.46, 7.64] and P<0.01. Similarly, compared to healthy controls, elevated serum TNF-α was also found 
to be associated with risk of neonatal HIE, the value of Std. Mean. Difference was 4.00, 4.75, 8.24, 95% CI was 
[3.60, 4.40], [4.07, 5.43], [7.38, 9.11] and P value <0.01. Conclusion: Meta-analysis suggested that elevated se-
rum IL-6 and TNF-α level in newborns is associated with high risk of hypoxic-ischemic encephalopathy (HIE)-induced 
brain injury. Further studies are needed to validate these observations.
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Introduction

Newborns with hypoxic-ischemic encephalopa-
thy (HIE), occurs at an approximate rate of 1 to 
2 per 1000 live birth [1, 2], is one of leading 
causes of neonatal death and long-term dis-
ability, such as cerebral palsy, seizures, visual 
and learning impairment and abnormal mental 
development [3, 4]. Ischemia in brain induces 
both central and peripheral inflammation lead-
ing to a secondary neuron damage [5]. 
Microglia, which is a major glial components of 
the CNS and resides inside brain, activates 
within minutes in ischemia brain and acts as 
first step of immune system activation followed 
by infiltration of monocytes, T cells, amplifying 
immune responses in a stimulated brain [6, 7].

Cerebral ischemic injury not only triggers the 
activation and expansion of immune cells, but 
also acts as a cascade of cytokine induction. 
Cytokine, as important inflammatory media-
tors, orchestrate and amplify in-situ inflamma-

tion in brain and exaggerate cerebral injury [8]. 
Of these, tumor necrosis factor alpha (TNF-α) 
and interleukin-6 (IL-6) are well-known and 
most-studied cytokines that take active part in 
the inflammatory responses.

In a variety of clinical studies, newborn infants 
with hypoxic-ischemic encephalopathy were 
found to be associated with abnormal expres-
sion of TNF-α and IL-6 in the serum, plasma and 
cerebral flow. However, due to the limited clini-
cal samples, consensus conclusion of whether 
serum IL-6 and TNF-α could be an effective bio-
marker for hypoxic-ischemic-induced brain inju-
ry diagnosis in was not drawn yet. Therefore, we 
performed a meta-analysis study by combining 
a number of researches related to the associa-
tion of enhanced expression of serum IL-6 and 
TNF-α with risk of different state of HIE to find 
out whether serum IL-6 and TNF-α could be a 
novel biomarker for testing the early occurrence 
of HIE.

http://www.ijcem.com
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Methods

Search strategy

The following database: Chinese VIP, Wangfang, 
CNKI, Pubmed, Google Scholar were searched 
for the randomized controlled trials using the 
keywords “IL-6”, “TNF-α” and “Hypoxic-ischemic 
encephalopathy/HIE” ever since from database 
established. There were no limitations for the 
language.

Inclusion and exclusion criteria

Inclusion criteria: Eligible studies met the fol-Eligible studies met the fol-
lowing criteria: 1) Enrolled newborns diagnosed 
of hypoxia-ischemic encephalopathy with dif-
ferent state of illness (mild, moderate and 
severe); 2) Healthy control group should be 
included in the study; 3) Serum IL-6 or TNF-α 
levels should be measured with consensus unit 
(ng/L).

Exclusion criteria: 1) Reviews, editorials and 
dissertations; 2) Animal models (mice, rats, 
rabbits and so on); 3) Cell line and in-vitro study; 
4) Repeated publications (in different lan-
guage); 5) Plasma or cell flow IL-6 or TNF-α lev-
els; 6) Data was not displayed with mean ± 
SEM.

Data extraction

Identified studies were reviewed and data was 
extracted from two reviewers independently 
using the extracting data form. The following 
information should be extracted: 1) First 

state of illness in neonatal HIE compared with 
healthy controls in clinic. Random model was 
performed using Review Manage 5.3 software 
for meta-analysis and weighed mean differenc-
es (WMD), standardized mean difference (SMD) 
and 95% CI for the outcome of continuous vari-
ables. If the value of I2 was higher than 50%, 
the results of included studies with homogene-
ity (I2<50%) should be represent to verify the 
stability of results.

Results

Study selection and characteristics

As the search flow diagram of included studies 
showing in Figure 1, a total of 29279 articles 
were required for initial search in database by 
the key words. After reading the title and 
abstracts, only 183 randomized controlled tri-
als which were relevant to the level of IL-6 and 
TNF-α in neonatal hypoxic-ischemic encepha-
lopathy were remained for further text review. 
After depleting the repeated articles including 
same articles published in different languages, 
80 articles were left for full text reading. Of 
these, 29 articles met the inclusion criterion, 
all were conducted in China. 

The interested information was extracted in 
Table 1; of the included 1618 HIE newborns 
and 790 healthy controls. In short, serum IL-6 
and TNF-α were measured by ELISA. Neonatal 
HIE were all classified into three states: mild, 
moderate and severe. Most of included studies 
performed their measurement within 24 hours.

Figure 1. Search flow diagram of included studies.

author’s family name and 
publication year; 2) Sample 
size including different gen-
der of each group; 4) The 
number of different degree 
of HIE (mild, moderate, 
severe); 5) The value of IL-6 
and TNF-α (mean ± SEM) of 
each group; 8) The included 
measurement (IL-6 or TNF-
α). Disagreements were 
resolved by the decision of 
a third reviewer. 

Statistical analysis

The main outcome was the 
comparison of serum IL-6 
and TNF-α value in different 
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Association of serum IL-6 level of newborns 
with hypoxia-ischemic encephalopathy in dif-
ferent state of illness

As the summary of results displayed in Figure 
2A, 2C, 2E (mild, moderate, severe), the total 
value of Std. Mean. Difference was 2.62, 4.91, 
6.55, 95% CI [2.03, 3.22], [4.01, 5.80], [5.46, 
7.64] and P<0.01 suggests a significant 
increase of serum IL-6 in newborns with differ-
ent state of newborns with HIE. Included stud-
ies with homogeneity displayed in Figure 2B, 
2D, 2F (mild, moderate, severe), (I2=38%, 36%, 
43%<50%), with the value of Std. Mean. 
Difference 2.50, 3.77, 5.52, 95% CI [2.14, 
2.85], [3.43, 4.12], [4.93, 6.12] and P<0.01, 

we draw similar conclusion that serum IL-6 
might be correlate with occurrence of HIE.

Association of serum TNF-α level of newborns 
with hypoxia-ischemic encephalopathy in dif-
ferent state of illness

As the summary of results displayed in Figure 
3A, 3C, 3E (mild, moderate, severe), the total 
value of Std. Mean. Difference was 3.53, 6.29, 
8.35, 95% CI [2.39, 4.67], [4.55, 8.02], [5.92, 
10.98] and P<0.01 suggests a significant 
increase of serum TNF-α in newborns with dif-
ferent state of newborns with HIE. Included 
studies with homogeneity displayed in Figure 
3B, 3D, 3F (mild, moderate, severe), (I2=37%, 

Table 1. Study characteristics of included studies

Study Year Control N M/F HIE N M/F State of illness (mild/
moderate/severe) TNFα IL-6

Yang [9] 2011 20 11/9 48 25/23 20/17/11 √ √
Chen [10] 2011 20 12/8 60 34/26 28/ND √ √
Zou [11] 2014 80 40/40 80 45/35 28/30/22 √
Wang et al. [12] 2005 10 ND 46 35/11 14/26/6 √
Dai et al. [13] 2015 20 ND 60 32/28 21/21/18 √ √
Zhang et al. [14] 2010 20 12/8 42 23/19 24/10/8 √
Chai et al. [15] 2010 20 11/9 58 32/26 30/ND √
Mi et al. [16] 2009 21 10/11 34 19/15 15/10/9 √ √
Guo et al. [17] 2014 42 26/16 98 56/42 40/32/26 √
Gong [18] 2012 20 12/8 60 34/26 28/ND √ √
Liu [19] 2011 32 18/14 94 51/43 38/31/25 √
Feng et al. [20] 2008 26 18/8 58 37/21 19/26/13 √
Lin et al. [21] 2002 30 20/10 50 35/15 18/17/15 √
Lu et al. [22] 2006 30 19/11 32 22/10 15/9/8 √
Mao et al. [23] 2005 30 20/10 30 18/12 14/10/6 √
Li [24] 2012 30 19/11 65 39/26 33/19/13 √
Li et al. [25] 2003 40 21/19 60 33/27 30/22/8 √
Kong [26] 2013 29 16/13 32 15/17 8/13/11 √
Wang et al. [27] 2008 14 7/4 41 29/12 13/17/11 √
Jiang et al. [28] 2011 20 12/8 40 23/17 15/13/12 √
Tian [29] 2014 15 8/7 37 21/16 11/14/12 √
Zhang et al. [30] 2003 12 ND 37 ND 10/15/12 √ √
Li et al. [31] 2004 40 21/19 60 33/27 30/22/8 √
Mao et al. [32] 2011 11 6/5 41 22/19 19/14/8 √ √
Tan [33] 2005 63 33/30 98 50/48 20/38/40 √
Liao et al. [34] 2009 13 ND 46 29/17 12/26/8 √
Huang et al. [35] 2011 22 11/11 103 56/47 53/35/15 √
Xu et al. [36] 2013 30 18/12 46 27/19 15/19/12 √
Huang et al. [37] 2010 30 16/14 62 36/26 31/20/11 √
M: Male, F: Female, ND: not described.
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0%, 0%<50%), with the value of Std. Mean. 
Difference 4.00, 4.75, 8.24, 95% CI [3.60, 
4.40], [4.07, 5.43], [7.38, 9.11] and P<0.01, we 
draw similar conclusion that elevated serum 
TNF-α might be correlate with occurrence of 
HIE.

Sensitivity analysis

To assess the stability of the results from meta-
analysis, we performed a one-study-removed 
sensitivity analysis for the dominant model. 

Statistically insignificant results (P>0.05) were 
observed after sequentially excluding each of 
the other studies indicated the stability of 
established model.

Evaluation of publication bias

Publication bias was tested by funnel plot. The 
funnel plot is shown in Figure 4 and publication 
bias was observed for the overall population. 
We speculated that random controlled trials 
with positive results are more likely to be pub-

Figure 2. Association of serum IL-6 with different state of neonatal HIE.
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lished and all of the included studies in this 
meta-analysis are in Chinese rather than any 
other countries.

Discussion 

Hypoxic-ischemic induced brain injury in the 
infants and neonates is a major cause of mor-
tality and chronic long-term disability in survi-
vors. Animal models have demonstrated that 
inflammation cytokines take an active part  
in neonatal hypoxic-ischemic encephalopathy 
(HIE) [38, 39], IL-6 and TNF-α contribute greatly 
to brain injury in perinatal asphyxia [40, 41]. It 
was reported that in newborn rats with hypoxia-
ischemia, plasma IL-6 level reached to peak 
level 6 hours after the insult and the level of 
TNF-α, on the other hand, increased immedi-
ately after hypoxia insults [42, 43]. However, 
due to limited clinical samples, whether up-reg-
ulated serum IL-6 and TNF-α is associated with 
newborn infants with HIE remains inconclu- 
sive.

conclusion drawn from our meta-analysis 
credible. 

Our study first revealed the abnormal expres-
sion of IL-6 and TNF-α in clinical sample in dif-
ferent states of neonatal hypoxic-ischemic 
encephalopathy (HIE), our results showed that 
both serum IL-6 and TNF-α up-regulated in 
mild, moderate and severe neonatal HIE. With 
the aggravation of illness, the value of serum 
IL-6 and TNF-α increased accordingly. There- 
fore, the results suggest that inflammatory 
cytokines might not only orchestrate cerebral 
in-situ inflammatory response but also contrib-
ute to exaggerating brain injury. Thus, the value 
of inflammatory cytokine could be a valuable 
reference for the state of neonatal HIE.

Not only IL-6 and TNF-α in serum but also in 
plasma and cerebral flow increases in neonatal 
HIE, However our efforts are focus on searching 
related articles only with serum cytokine levels 
measurement rather than anywhere else. Since 

Figure 3. Association of serum TNF-α with different state of neonatal HIE.

Figure 4. Funnel plot for publication bias in included studies.

By using meta-analysis, 
a powerful tool which 
can make combination 
of results in different 
randomized controlled 
studies, 29 clinical trials 
with 1618 HIE newborns 
and 790 healthy con-
trols are included to 
investigate the potential 
role of IL-6 and TNF-α in 
different states of hypox-
ic-ischemic encephalop-
athy in the present st- 
udy. Our results showed 
a significant increase of 
serum IL-6 and TNF-α 
level in neonatal HIE 
(P<0.01). The sample 
cases are large (>1000), 
so we considered the 
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serum is relatively easier to acquire in clinical 
patients and the value is accurate by ELISA. 
Our results provide an effective way of neonatal 
HIE diagnosis.

Currently, there has not yet any other meta-
analysis reported about the relationship of 
serum IL-6, TNF-α level with occurrence of new-
born infants with hypoxic ischemia encepha-
lopathy. Our observation was the first meta-
analysis focused on diagnoses of occurrence 
and states of neonatal HIE using inflammation-
related biomarker. Our results highlighted the 
role of inflammation and immune system in the 
development of hypoxic ischemia-induced 
chronic long-term disability and provide a new 
insight for the therapy of sequelae of neonatal 
HIE.

Our results also have limitations. The quality of 
included studies was not as good as a lot of 
interested information (the gender, state of ill-
ness) was missing in some included studies. 
Moreover, publication bias is obviously seen in 
funnel plot, thus other relevant published or 
unpublished studies with null results might 
have been omitted. Also, the included studies 
met the inclusion and exclusion criterion was 
all in Chinese, Therefore, efforts are still need-
ed for further recruiting not only eligible but 
also high quality studies in other languages. 

In conclusion, our study is the first meta-analy-
sis to have assessed the association between 
serum IL-6, TNF-α level and neonatal HIE risk. 
The results suggest that up-regulation of serum 
T IL-6, TNF-α might be associated with an 
increased hypoxic-ischemic-induced brain inju-
ry risk. Larger-scale case controlled studies are 
required to confirm these findings.

Disclosure of conflict of interest

None.

Address correspondence to: Jie Lei, Department of 
Nursing, Suzhou Health College, 28th KEHUA Road, 
Suzhou 215000, Jiangsu Province, China. E-mail: lei-
jie2015@sina.com

References

[1] Low JA, Lindsay BG and Derrick EJ. Threshold 
of metabolic acidosis associated with newborn 
complications. Am J Obstetr Gynecol 1997; 
177: 1391-1394.

[2] Lawn JE, Cousens S, Zupan J; Lancet Neonatal 
Survival Steering Team. Neonatal survival 1-4 
million neonatal deaths: When? where? why? 
Lancet 2005; 365: 891-900.

[3] Shaywitz BA and Fletcher JM. Neurological, 
cognitive, and behavioral sequelae of hypoxic-
ischemic encephalopathy. Semin Perinatol 
1993; 17: 357-366.

[4] Shaywitz BA. The sequelae of hypoxic-ischemic 
encephalopathy. Semin Perinatol 1987; 11: 
180-190.

[5] Vexler ZS, Tang XN and Yenari MA. Inflammation 
in adult and neonatal stroke. Clin Neurosci Res 
2006; 6: 293-313.

[6] Stoll G and Jander S. The role of microglia and 
macrophages in the pathophysiology of the 
CNS. Prog Neurobiol 1999; 58: 233-247.

[7] Wang LW, Chang YC, Lin CY, Hong JS and 
Huang CC. Low-Dose Lipopolysaccharide 
Selectively Sensitizes Hypoxic Ischemia-
Induced White Matter Injury in the Immature 
Brain. Pediatr Res 2010; 68: 41-47.

[8] Saliba E and Henrot A. Inflammatory mediators 
and neonatal brain damage. Biol Neonate 
2001; 79: 224-227.

[9] Yang D. Analysis of serum hs-CRP, IL-6, TNF-α 
in neonates with HIE. Shandong Med J 2011; 
51.

[10] Chen YM. The level of serum IL-6, TNFα and 
sICAM-1 in serum of neonatal HIE. Shandong 
Med J 2011; 51.

[11] Zou YF, Wu JY. The clinical significance of varia-
tion of serum TNF-α, APN and CRP in newborns 
with HIE. Zhejiang Clin Med 2014; 16.

[12] Wang H, Wang LJ, Wang SY. The function and 
clincal significance of IL-6, NO and MDA in neo-
natal HIE. Chin J Birth Health Hered 2005; 13.

[13] Dai YL, Wang JX, Zhou SH. Clinical significance 
of serum IL-6 and TNFα in neonatal hypoxic-
ischemic encephalopathy. Clin J Med Office 
2015; 43.

[14] Zhang CY and Yu ZY. Value of ambulatory mon-
itoring serum interleukin-6 and interleukin-18 
in neonates with hypoxic-ischemic encepha-
lopathy. J Appl Clin Pediatr 2010; 25.

[15] Chai BY, Wang HY and Hua YJ. Changes and 
clinical significance of serum tumor necrosis 
factor and intercellular adhesion molecule-1 in 
neonates with hypoxic-ischemic encephalopa-
thy. J Clin Prediatr 2010; 28.

[16] Mi ZK, Wang AH and Zhao JM. The expression 
and value of serum IL-6 and TNFα in neonatal 
HIE. Shangdong Med J 2009; 49.

[17] Guo J, Wang GT, Lin L and Xie FY. The changes 
of serum IL-18, IL-6 and IFN-gamma in new-
borns with hypoxic-ischemic encephalopathy. J 
Xiangnan Univers 2014; 3.

[18] Gong XC. The changes of serum IL-6, TNFα and 
soluable cell adhesion molecure-1 in new-
borns with HIE. Chin J Primary Med Pharmacy 
2012; 19.

mailto:leijie2015@sina.com
mailto:leijie2015@sina.com


Meta-analysis of serum IL-6 and TNF-α in the diagnosis of neonatal HIE

2228 Int J Clin Exp Med 2016;9(2):2220-2228

[19] Liu HY. Changes and Significances of serum 
levels of macrophage migration inhibitory fac-
tor, tumor necrosis factor α and interleukin 
1beta in newborn infants with hypoxic ischme-
mic encephalopathy. J Appl Clin Pediatr 2011; 
26.

[20] Feng Y, Shi SY and Zhou XY. Changes of serum 
adiponectin and interleukin-6 in neonates with 
hypoxic-ischemic encephalopathy and their 
significances. J Appl Clin Pediatr 2008; 23.

[21] Lin NY, Fang XW, Wu BY, Xu LD, Guo JZ and Li T. 
The discussion of changes and clinical signifi-
cances of periphery T subsets, IL-6, IL-8 in new-
born infants with HIE. J Neonatol 2002; 17.

[22] Lu Q, Wang J, Wang W, Sun SM, Wang XY and 
Li SW. The expression and clinical significance 
of serum IL-1beta, IL-6, IL-10 in neonatal HIE. 
Chin J Neonatol 2006; 21.

[23] Mao LY, ZQ, Shou WX, Zhao CH. The discussion 
about the changes and clinical significance of 
serum IL6 and IL-8 in neonatal HIE. Zhejiang 
Clin Med 2005; 7.

[24] Li MM. Value of serum MCP-1, TNF-α and sI-
CAM-1 in neonates with hypoxic-ischemic en-
cephalopathy. China Prac Med 2012; 7.

[25] Li MZ, He JF, Li L, Nu EY, Li S and Guo XY. The 
value of cerebral and serum IL-6 in newborns 
with HIE. Xin Jiang Med 2003; 33.

[26] Kong HJ. The clinical significance of NSE and 
CK-BB in newborns with HIE. Chin J Mod Drug 
Appl 2013; 7.

[27] Wang H, Jia FF and Xu DE. Investigation of 
plasma interleukin-6 levels and hemodynamic 
changes in cerebral flow in neonatal hypoxic-
ischemic encephalopathy. Chin J Birth Health 
Hered 2008; 16.

[28] Jiang CY, Song Y and Dang ZQ. Measurement 
of serum MMP-9 and IL-6 for neonatal hypoxic 
ischemic encephalopathy and its clinical sig-
nificance. Clin Misdiag Misther 2011; 24.

[29] Tian FS. Analysis of serum sICAM-1 and IL-6 in 
neonatal HIE. Chin J Pract Nerv Dis 2014; 15.

[30] Zhang ZH, Pang GX, Li GM, Wu ZG and Zhou 
YH. Dynamic variation of serum levels of TNF-α 
and IL-6 in neonatal hypoxic-ischemic enceph-
alopathy. J Guangdong Med Coll 2003; 21.

[31] Li MZ, He JF, Li L, Nu EY, Li S and Guo XY. The 
dynamic changes of serum and cerebral flow 
of neonatal HIE. Journal of Neonatal Magzine 
2001; 22.

[32] Mao Q, Gao GL, He LZ and Zhao LF. Clinical 
significance of changes of serum cytokine level 
in neonate with hypoxic ischemic encephalop-
athy. Mod J Interg Tradit Chin Western Med 
2011; 20.

[33] Tan B. A research of mutuality of newborn in-
fant hie and the level of NO, IL-6, IL-8. J 
Guangdong Coll Pharmacy 2005; 21.

[34] Liao HQ, Liang CJ and Huang JB. The measure-
ment and clinical significance of serum IL-6 
and VIP in newborns with HIE. J Guangdong 
Med Coll 2009; 27.

[35] Huang YH and Zhu EJ. Dynamic changes of se-
rum IL-6 and IL-18 in the early diagnosis of 
neonatal HIE. Guide China Med 2011; 9.

[36] Xu LQ, Qi XS, Wang SM and Pan TG. The corre-
lation analysis of serum tumor necrosis 
factor-α and neuron-specific enolase and the 
degree of hypoxic-ischemic encephalopathy. 
Chin J Postgrad Med 2013; 36.

[37] Huang WG, Chen BH and Xiang JL. Clinical sig-
nificance of TNF-α and lactate levels in the 
newborns with hypoxic-ischemic encephalopa-
thy. J Mod Lab Med 2010; 25.

[38] Szaflarski J, Burtrum D and Silverstein FS. 
Cerebral hypoxia-ischemia stimulates cytokine 
gene-expression in perinatal rats. Stroke 
1995; 26: 1093-1100.

[39] Loddick SA, Turnbull AV and Rothwell NJ. 
Cerebral interleukin-6 is neuroprotective dur-
ing permanent focal cerebral ischemia in the 
rat. J Cerebral Blood Flow Metabol 1998; 18: 
176-179.

[40] Vila N, Castillo J, Dávalos A and Chamorro A. 
Proinflammatory cytokines and early neurolog-
ical worsening in ischemic stroke. Stroke 
2000; 31: 2325-2329.

[41] MartinAncel A, García-Alix A, Pascual-Salcedo 
D, Cabañas F, Valcarce M and Quero J. 
Interleukin-6 in the cerebrospinal fluid after 
perinatal asphyxia is related to early and late 
neurological manifestations. Pediatrics 1997; 
100: 789-794.

[42] Tarkowski E, Arvin B, White RF, Miller A, Webb 
CL, Willette RN, Lysko PG and Feuerstein GZ. 
Early intrathecal production of interleukin-6 
predicts the size of brain lesion in stroke. 
Stroke 1995; 26: 1393-1398.

[43] Barone FC, Arvin B, White RF, Miller A, Webb 
CL, Willette RN, Lysko PG, Feuerstein GZ. 
Tumor necrosis factor-alpha-a mediator of fo-
cal ischemic brain injury. Stroke 1997; 28: 
1233-1244.


