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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-« 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-a” 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-& 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% Cl 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-a 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 tion in brain and exaggerate cerebral injury [8].
Of these, tumor necrosis factor alpha (TNF-)
and interleukin-6 (IL-6) are well-known and
most-studied cytokines that take active part in

the inflammatory responses.

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

In a variety of clinical studies, newborn infants
with hypoxic-ischemic encephalopathy were
found to be associated with abnormal expres-
sion of TNF-a 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-a 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

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-

a number of researches related to the associa-
tion of enhanced expression of serum IL-6 and
TNF-a with risk of different state of HIE to find
out whether serum IL-6 and TNF-a could be a
novel biomarker for testing the early occurrence
of HIE.
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29279 articles were acquired from Pubmed,
Google Scholar, CNKI, Wangfang, VIP database

author's family name and
publication year; 2) Sample
size including different gen-

| 29096 articles were excluded
based on title and abstracts

der of each group; 4) The
number of different degree

183 relevant articles were left for further review

of HIE (mild, moderate,
severe); 5) The value of IL-6

103 articles were
excluded for repeated content

and TNF-a (mean = SEM) of
each group; 8) The included

80 articles were remained for full text reading

measurement (IL-6 or TNF-
o). Disagreements were

51 articles were excluded for
not providing sufficient data

resolved by the decision of
a third reviewer.

29 articles were included for systematic review

Figure 1. Search flow diagram of included studies.

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-a” 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-
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-«
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-« 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
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Statistical analysis

The main outcome was the

comparison of serum IL-6

and TNF-a value in different
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% ClI for the outcome of continuous vari-
ables. If the value of 1> was higher than 50%,
the results of included studies with homogene-
ity (1°<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-a 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-a 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.
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Table 1. Study characteristics of included studies

State of illness (mild/

Study Year  ControlN  M/F  HIEN M/F moderate/severe)  TNFX 116
Yang [9] 2011 20 11/9 48 25/23 20/17/11 N N
Chen [10] 2011 20 12/8 60 34/26 28/ND N N
Zou [11] 2014 80 40/40 80 45/35 28/30/22 v

Wang et al. [12] 2005 10 ND 46 35/11 14/26/6 N
Dai et al. [13] 2015 20 ND 60 32/28 21/21/18 v N
Zhangetal.[14] 2010 20 12/8 42 23/19 24/10/8 N
Chai et al. [15] 2010 20 11/9 58 32/26 30/ND v

Mi et al. [16] 2009 21 10/11 34 19/15 15/10/9 v N
Guo et al. [17] 2014 42 26/16 98 56/42 40/32/26 N
Gong [18] 2012 20 12/8 60 34/26 28/ND v N
Liu [19] 2011 32 18/14 94 51/43 38/31/25 v

Feng et al. [20] 2008 26 18/8 58 37/21 19/26/13 N
Lin et al. [21] 2002 30 20/10 50 35/15 18/17/15 N
Lu et al. [22] 2006 30 19/11 32 22/10 15/9/8 N
Mao et al. [23] 2005 30 20/10 30 18/12 14/10/6 N
Li [24] 2012 30 19/11 65 39/26 33/19/13 v

Li et al. [25] 2003 40 21/19 60 33/27 30/22/8 N
Kong [26] 2013 29 16/13 32 15/17 8/13/11 N
Wang et al. [27] 2008 14 7/4 41 29/12 13/17/11 N
Jiang et al. [28] 2011 20 12/8 40 23/17 15/13/12 N
Tian [29] 2014 15 8/7 37 21/16 11/14/12 N
Zhangetal. [30] 2003 12 ND 37 ND 10/15/12 v N
Li etal. [31] 2004 40 21/19 60 33/27 30/22/8 J
Mao et al. [32] 2011 11 6/5 41 22/19 19/14/8 N N
Tan [33] 2005 63 33/30 98 50/48 20/38/40 N
Liao et al. [34] 2009 13 ND 46 29/17 12/26/8 N
Huangetal.[35] 2011 22 11/11 103  56/47 53/35/15 J
Xu et al. [36] 2013 30 18/12 46 27/19 15/19/12 N
Huangetal.[37] 2010 30 16/14 62 36/26 31/20/11 v

M: Male, F: Female, ND: not described.

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), (1>=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,

2222

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

Association of serum TNF-o 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% Cl [2.39, 4.67], [4.55, 8.02], [5.92,
10.98] and P<0.01 suggests a significant
increase of serum TNF-a in newborns with dif-
ferent state of newborns with HIE. Included
studies with homogeneity displayed in Figure
3B, 3D, 3F (mild, moderate, severe), (1>=37%,
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Chen 2011
Dai 2015
Feng 2008
Gong 2012
Guo 2014
Huang 2011
Jiang 2011
Kong 2013
Li 2003

Li 2004
Liao 2009
Lin 2002

Lu 2006
Mao 2005
Mao 2011
Mi 2009
Tan 2005
Tian 2014
Wang 2005
Wang 2008
Yang 2011
Zhang 2003
Zhang 2010

Total (95% Cl)

ean
18.5
6.5
2201
185
37.39
83.85
20.87
18.5
7.02
6.92
12.09
14.56
176
13.47
61.9
10.79
14.56
28.97
12.08
16.64
15.7
15.7
77.62

Experimental

Control Std.

2 gan )13 e A
28 95 25 20 47%
21 28 07 20 4.0%
19 1935 769 26 4.8%
28 95 25 20 4%
40 2657 572 42 48%
53 437 1211 22 46%
15 1271 346 20 45%
8 95 25 29  43%
30 239 227 40 48%
30 363 404 40 48%
12 212 062 13 34%
18 1277 34 30  48%
15 156 99 30 48%
14 1126 1.7 30 47%
19 437 441 10 42%
15 538 1.22 21 44%
20 1277 34 63 48%
11 1078 1.23 37 3.9%
14 206 0.62 10 3.5%
13 312 1.01 14 32%
20 53 12 20 44%
10 334 105 12 32%
24 4023 1165 20 46%
477 589 100.0%

Heterogeneity: Tau® = 1.84; Chi* = 286.44, df = 22 (P < 0.00001); I* = 92%
Test for overall effect: Z = 8.62 (P < 0.00001)

B Experimental Control

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% Cl
Chen 2011 185 47 28 95 25
Gong 2012 185 47 28 95 25
Guo 2014 37.39 637 40 2657 572
Jiang 2011 2087 3.06 15 1271 346
Kong 2013 185 47 8 95 25
Mao 2011 61.9 6.2 19 437 41
Mi 2009 1079 236 15 538 1.22
Yang 2011 15.7 4.3 20 53 12
Zhang 2010 7762 1536 24 40.23 1165
Total (95% CI) 197

202

Heterogeneity: Tau? = 0.11; Chi* = 12.96, df =8 (P = 0.11); I’ = 38%
Test for overall effect: Z = 13.78 (P < 0.00001)

Std. Mean Difference

100.0%

Mean Difference Std. Mean Difference

nandom /9 _RANQAoMm [0
2.25[1.50, 2.99] —
5.18(3.85, 6.51) ——
0.31(-0.28, 0.91) ] Lo

2.25[1.50, 2.99] =
1.77[1.26, 2.29) Ll

3.44 (2,69, 4.19) -
2.42[1.52,3.32) —
2.87[1.82, 3.91) —
1.05[0.54, 1.56] i

1.06 [0.55, 1.57) e

5.59 [3.73, 7.45] E—
0.41(-0.18, 1.00) ™
0.21(-0.41, 0.83) T
1.06 [0.38, 1.73) -
3.17 [2.00, 4.33) ———
2.97 [1.99, 3.96) —_
0.44 (-0.06, 0.95) =

5.82[4.43,7.21) —
5.15[3.36, 6.93] e
6.39 [4.40, 8.38) —_—
3.23(2.26, 4.20) —

5.56 [3.56, 7.56) e
2.66 [1.83, 3.49] —_—

2.62 [2.03, 3.22) L 4

-4 -2 0 2 4
Favours [experimental] Favours [control]

Std. Mean Difference
IV. Random. 95% Cl

2.25[1.50, 2.99) —_—
2.25[1.50, 2.99) ——
1.77 [1.26, 2.29) —
2.42[1,52,3.32) —_—
2.87[1.82,3.91) —_—
3.17 [2.00, 4.33) —
2.97 [1.99, 3.96) L
3.23[2.26, 4.20) —_—
266 [1.83, 3.49) —

2.50 [2.14, 2.85] <>

-4 -2 0 2
Favours [experimental] Favours [control]

&4

Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

C Experimental Control
_Study or Subgroup Mean  SD Total Mean SD Total Weight
Dai 2015 76 09 21 28 07 20 48%
Feng 2008 4998 8.64 26 1935 769 26 52%
Guo 2014 4892 749 32 2657 572 42 53%
Huang 2011 1043 927 35 437 1211 22 50%
Jiang 2011 38.06 4.12 13 1271 3486 20 4.5%
Kong 2013 286 53 13 95 25 29 49%
Li 2003 1044 939 22 239 227 40 54%
Li 2004 1047 299 22 363 404 40 54%
Liao 2009 1472 236 26 212 062 13 47%
Lin 2002 2676 5.39 17 1277 34 30 52%
Lu 2006 258 106 9 156 99 30 5.3%
Mao 2005 2549 327 10 1126 1.7 30 46%
Mao 2011 782 68 14 437 41 10 44%
Mi 2009 3216 1.72 10 538 122 21 20%
Tan 2005 2876 539 38 1277 34 83 53%
Tian 2014 58.66 10,64 14 1078 123 37 45%
Wang 2005 147 218 26 206 062 10 45%
Wang 2008 4571 9.04 17 312 101 14 45%
Yang 2011 361 87 17 53 12 20 49%
Zhang 2003 42.62 10.69 15 334 1.05 12 47%
Zhang 2010 90.54 15.55 10 40.23 1165 20 5.0%
Total (95% CI) 407 549 100.0%

Heterogeneity: Tau® = 3.82; Chi* = 280.44, df = 20 (P < 0.00001); ¥ = 93%
Test for overall effect: Z = 10.70 (P < 0.00001)
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IV. Random.95%Cl

5.82[4.36, 7.28) —
3.69[2.77, 4.60]
3.38[2.66,4.11)
5.72[4.51,6.93]
6.63[4.79, 8.47]
5.24 [3.89, 6.58)
1.36 [0.78, 1.94] =
1.82[1.21, 2.44] b
6.26 [4.65, 7.87) =
3.26[2.35,4.17) -
0.99[0.21, 1.77] =
6.41[4.76, 8.05) =
5.70(3.76, 7.64) =

18.70 [13.66, 23.74) —
3.73[3.07,4.39] =

8.45 (6.63, 10.26) "‘

6.52 [4.76, 8.27) ——
6.15[4.36,7.93] -

1.|{'['t

507 [3.68, 6.45)
4.74[3.18,6.31)
3.76 [2.49, 5.03)

P

4.91 [4.01, 5.80]

-20 -10 0 10 20
Favours [experimental] Favours [control]
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D

Experimental Control

_Study or Subgroup Mean _ SD Total Mean  SD Total Weight IV, Fixed, 95%ClI  IV.Fixed 95%Cl
Feng 2008 4998 8.64 26 1935 769 26 14.2% 3.69[2.77, 4.60] —
Guo 2014 48,92 749 32 2657 572 42 227% 3.38 [2.66, 4.11) =
Lin 2002 26.76 539 17 1277 34 30 14.4% 3.26 [2.35,4.17) —
Mao 2011 78.2 6.8 14 437 41 10 3.2% 5.70 [3.76, 7.64)

Tan 2005 28.76 5.39 38 1277 34 63 27.2% 3.73[3.07,4.39] -

Yang 2011 36.1 87 17 53 12 20 6.2% 5.07 [3.68, 6.45] -

Zhang 2003 42.62 10.69 15 3.34 1.05 12 49% 4.74[3.18,6.31] -

Zhang 2010 90.54 15.55 10 40.23 11.65 20 7.4% 3.76 [2.49, 5.03) -

Total (95% ClI) 169 223 100.0% 3.77 [3.43,4.12] *

Heterogeneity: Chi? = 11.00, df = 7 (P = 0.14); I = 36% '; 2 . 2 j‘

Test for overall effect: Z = 21.45 (P < 0.00001) Favours [experimental] Favours [control]
E Experimental Control Std. Mean Difference Std. Mean Difference

dy O gan SD otal Mea ota gigh Random, 95% Random, 95%

Dai 2015 8.9 1.5 18 28 0.7 20 5.3% 5.20[3.81, 6.58] -

Feng 2008 66.23 10.04 13 1935 7.69 26 5.3% 5.39 [3.96, 6.81] -

Guo 2014 63.51 10.13 26 2657 572 42 5.5% 4.75[3.79,5.70) -

Huang 2011 13042 7.67 15 437 1211 22 48% 8.03 [5.99, 10.08] -

Jiang 2011 56.19 568 12 1271 3.46 20 43% 9.62 [7.00, 12.24] -

Kong 2013 428 7.4 1 95 25 29 49% 7.48 [5.62, 9.35) -

Li 2003 334 26.54 8 239 227 40 55% 2.89[1.92, 3.86] -

Li 2004 29.93 16.92 8 363 4.04 40 55% 3.41[2.37, 4.46) -

Liao 2009 2315 378 8 212 062 13 4.0% 8.60 [5.59, 11.62] —

Lin 2002 69.2 27.26 15 1277 34 30 55% 3.51[2.53, 4.49) -

Lu 2006 343 136 8 156 99 30 56% 1.71[0.83, 2.59] -

Mao 2005 71.39 21.26 6 11.26 1.7 30 49% 7.085.14, 9.02) -

Mao 2011 976 84 8 437 41 10 39% 8.08 [4.95, 11.21] -

Mi 2009 68.52 948 9 538 122 21 3.8% 11.88 [8.56, 15.20] T

Tan 2005 69.2 27.26 40 1277 3.4 63 57% 3.27 [2.66, 3.87] -

Tian 2014 110.37 13.82 12 1078 123 37 40% 1447 [11.41,17.53] -

Wang 2005 2207 385 6 206 062 10  3.7% 8.04 [4.67, 11.40) T

Wang 2008 60.82 10.35 11 312 1.01 14 4.4% 8.13 [5.55, 10.70] -

Yang 2011 735 144 1 53 1.2 20 47% 7.80[5.60, 10.01] T

Zhang 2003 6568 8.44 12 334 1.05 12 3.9% 10.01 [6.81, 13.21] -

Zhang 2010 128.42 18.24 8 40.23 1165 20 49% 6.23 [4.29, 8.17) -

Total (95% CI) 265 549 100.0% 6.55 [5.46, 7.64] &

Heterogeneity: Tau? = 5.31; Chi* = 225.29, df = 20 (P < 0.00001); I* = 91% s e+

Test for overall effect: Z = 11.82 (P < 0.00001)

Std. Mean Difference

Std. Mean Difference

Std. Mean Difference
1V, Fixed, 95% CI

Favours [experimental] Favours [control]

Std. Mean Difference
IV, Fixed, 95%C1

F Experimental Control

_Study or Subgroup  Mean  SD Total Mean SD Total Weight
Dai 2015 89 15 18 28 07 20 184%
Feng 2008 66.23 10.04 13 1935 7.69 26 17.4%
Guo 2014 63.51 1013 26 2657 572 42 387%
Mao 2005 71.39 21.26 6 1126 1.7 30 94%
Mao 2011 976 84 8 437 44 10 3.6%
Wang 2005 2207 3.85 6 206 062 10 3.1%
Zhang 2010 12842 18.24 8 40.23 11865 20 9.4%
Total (95% CI) 85 158 100.0%

Heterogeneity: Chi* = 10.48, df =6 (P = 0.11); F=43%
Test for averall effect: Z = 18.19 (P < 0.00001)

5.20 [3.81, 6.58)
5.39(3.96, 6.81]
4.75[3.79, 5.70]
7.08 [5.14, 9.02)

8.08 [4.95, 11.21]

8.04 [4.67, 11.40)
6.23(4.29, 8.17)

5.52 [4.93, 6.12]

*

-10 -5 0 5

Figure 2. Association of serum IL-6 with different state of neonatal HIE.

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-a 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.

2224

1 t 1
10
Favours [experimental] Favours [control]

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-

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



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

Std. Mean Difference

Std. Mean Difference
IV, Random, 95% CI

4,04 [3.04, 5.04]
3.33 (2.43, 4.24]
6.24 [4.69,7.79]
3.33 [2.43, 4.24]
477 [3.76,5.78]
4.45 [3.51,5.39]
1.94 [1.37, 2.52]
2.82[1.73,3.91]
12.67 [9.50, 15.84]
0.48 [-0.15, 1.11]
4.52[3.30,5.73]
1.01[0.11, 1.91]
0.12 [-0.31, 0.55]

A Experimental Control

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Chai 2010 56.54 8.06 30 2362 798 20 7.9%
Chen 2011 375 6.7 28 185 35 20 8.0%
Dai 2015 568.2 512 21 2503 486 20 7.3%
Gong 2012 375 67 28 185 35 20 8.0%
Huang 2010 28.13 4.58 31 1132 1.72 30 7.9%
Li 2012 401 84 33 123 15 30 79%
Liu 2011 25.37 4.63 38 17.42 3.21 32  82%
Mao 2011 1426 11.8 19 1107 9.2 10 7.8%
Mi 2009 32.16 1.49 15 1232 156 21 51%
Xu 2013 885 256 15 76.3 244 30 82%
Yang 2011 401 84 20 123 15 20 7.7%
Zhang 2003 82 23 10 62 15 12 8.0%
Zou 2014 5445 696 28 5359 684 80 83%
Total (95% CI) 316 345 100.0%

Heterogeneity: Tau? = 4.07; Chi* = 278.43, df = 12 (P < 0.00001); I* = 96%
Test for overall effect: Z = 6.05 (P < 0.00001)

B

3.53 [2.39, 4.67]

0o 5 10
Favours [control]

+ +
-10 -5
Favours [experimental]

Experimental Control Std. Mean Difference Std. Mean Difference

_Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Chai 2010 56.54 8.06 30 2362 7.98 20 16.0% 4.04 [3.04, 5.04) ——
Chen 2011 375 67 28 185 35 20 19.7% 3.33 [2.43, 4.24) —-
Gong 2012 375 6.7 28 185 35 20 19.7% 3.33 [2.43, 4.24) — =
Huang 2010 28.13 4.58 31 1132 1.72 30 15.7% 4,77 [3.76, 5.78) —
Li 2012 401 84 33 123 15 30 18.0% 4.45 [3.51, 5.39] —
Yang 2011 401 84 20 123 15 20 10.9% 4.52 (3.30, 5.73) =
Total (95% Cl) 170 140 100.0% 4.00 [3.60, 4.40] <
Heterogeneity: Chiz = 7.97, df = 5 (P = 0.16); I* = 37% _=4 2 o 2 j‘

Test for overall effect: Z = 19.60 (P < 0.00001)

Cc

Std. Mean Difference

Favours [experimental] Favours [control]

Std. Mean Difference

12.76 [9.79, 15.72)
5.25 [4.04, 6.46]
7.69 [6.00, 9.38)
4.34 (3.41, 5.26)
5.21 [3.41, 7.02)

9.306.71, 11.88]
3.34 [2.45, 4.24]
7.02[5.21, 8.83]
1.55 [0.67, 2.43]
8.46 [7.25, 9.67]

Experimental Control
_Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl
Dai 2015 9435 574 21 250.3 486 20 83%
Huang 2010 4866 1092 20 11.32 1.72 30 10.5%
Li2012 725 123 19 123 15 30 10.0%
Liu 2011 36.72 5.35 31 1742 3.1 32 10.7%
Mao 2011 1712 124 14 1107 9.2 10 9.9%
Mi 2009 68.52 10.31 10 12.32 1.56 21 8.9%
Xu 2013 150.1 165 19 76.3 244 30 10.7%
Yang 2011 725 123 17 123 15 20 9.9%
Zhang 2003 98 27 15 62 15 12 10.7%
Zou 2014 143.55 16.97 30 53.59 6.84 80 10.5%
Total (95% Cl) 196 285 100.0%

Helerogeneity: Tau? = 7.11; Chi? = 155.14, df = 9 (P < 0.00001); I* = 94%
Test for overall effect: Z = 7.10 (P < 0.00001)

6.29 [4.55, 8.02]

IV, Random, 95%Cl

e

4
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Favours [control]

4 i
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D Experimental Control Std. Mean Difference Std. Mean Difference

_Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fi % Cl
Huang 2010 4866 1092 20 1132 172 30 316% 5.25 [4.04, 6.46] —
Liu 2011 3672 535 31 17.42 321 32 542% 4.34 (3.41, 5.26) —
Mao 2011 1712 124 14 1107 92 10 14.2% 5.21[3.41,7.02] —_—
Total (95% CI) 65 72 100.0% 4.75[4.07, 5.43] <>
Heterogeneity: Chi? = 1,67, df = 2 (P = 0.43); 1= 0% j‘ 2 pt 2 j‘

Test for overall effect: Z = 13.67 (P < 0.00001)

Experimental Control

dv o ean D 5 ean D a eigh
Dai 2015 1,127.8 647 18 2503 486 20 8.8%
Huang 2010 85.08 16.19 11 1132 172 30 101%
Li 2012 108.4 19.7 13 123 15 30 101%
Liu 2011 116.24 19.01 25 17.42 3.21 32 10.5%
Mao 2011 1985 147 8 110.7 9.2 10 9.6%
Mi 2009 101.46 15.78 9 1232 156 21 9.5%
Xu 2013 197.3 30.2 12 763 244 30 10.6%
Yang 2011 108.4 197 11 123 15 20 10.0%
Zhang 2003 133 41 12 62 15 12 10.7%
Zou 2014 217.42 24.51 22 53.59 6.84 80 10.3%
Total (95% CI) 141 285 100.0%

Heterogeneity: Tau? = 14.05; Chi* = 157.51, df = 9 (P < 0.00001); I* = 94%
Test for overall effect: Z = 6.74 (P < 0.00001)
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Std. Mean Difference

15.13 [11.48, 18.78)
868 [6.59, 10.78)
8.79[6.73, 10.84]

7.62 [6.08, 9.16]
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4.54[3.32,5.77)
8.05[5.78, 10.31)
2.22[1.17,3.28)

12.73 [10.89, 14.57)

8.35[5.92, 10.78]
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-
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F Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Huang 2010 85.08 16.19 11 1132 1.72 30 171% 8.68 [6.59, 10.78) T
Li 2012 1084 19.7 13 123 15 30 17.8% 8.79 [6.73, 10.84] -
Liu 2011 116.24 19.01 25 1742 3.21 32 31.5% 7.62[6.08, 9.16] —
Mao 2011 1985 147 8 110.7 9.2 10 9.9% 7.01[4.26,9.77] I
Mi 2009 101.46 15.78 9 1232 1.56 21 9.1% 10.16 [7.29, 13.03] e
Yang 2011 1084 197 11 123 15 20 146% 8.05 [5.78, 10.31] -
Total (95% Cl) 77 143 100.0% 8.24 [7.38, 9.11] ) ) ) L 2 )
itv: Chi? = = = - 12 = 0 t t t t
Heterogeneity: Chi* = 3.57, df =5 (P =0.61); P =0% 10 5 0 5 10

Test for overall effect: Z = 18.66 (P < 0.00001)
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Figure 3. Association of serum TNF-a with different state of neonatal HIE.

_SE(SMD)
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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-«a in
different states of hypox-
ic-ischemic encephalop-
athy in the present st-
udy. Our results showed
a significant increase of

SMD serum IL-6 and TNF-o

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

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-a 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-a, 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-« is associated with
newborn infants with HIE remains inconclu-
sive.

2226

level in neonatal HIE
(P<0.01). The sample
cases are large (>1000),
so we considered the
conclusion drawn from our meta-analysis
credible.

Our study first revealed the abnormal expres-
sion of IL-6 and TNF-« in clinical sample in dif-
ferent states of neonatal hypoxic-ischemic
encephalopathy (HIE), our results showed that
both serum IL-6 and TNF-a up-regulated in
mild, moderate and severe neonatal HIE. With
the aggravation of illness, the value of serum
IL-6 and TNF-a 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-a 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

Int J Clin Exp Med 2016;9(2):2220-2228
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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-« 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-a level and neonatal HIE risk.
The results suggest that up-regulation of serum
T IL-6, TNF-a might be associated with an
increased hypoxic-ischemic-induced brain inju-
ry risk. Larger-scale case controlled studies are
required to confirm these findings.
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