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Abstract: Objective: We conducted this study to explore the correlation of interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-«) levels in cerebrospinal fluid (CSF) and serum in the patients with subarachnoid hemorrhage
(SAH). Methods: Computerized and manual search strategies were performed to retrieve relevant studies. Studies
met our inclusion and exclusion criteria were enrolled. Statistical analyses were performed by Comprehensive Meta-
analysis 2.0 (Biostat Inc., Englewood, New Jersey, USA). Results: A total of seventeen studies were finally included in
this meta-analysis, including 449 SAH patients. The results revealed that IL-6 and TNF-« levels in CSF and serum in
SAH patients were higher than those in the health control group (CSF: IL-6: SMD = 4.047, 95% Cl = 2.651-5.443, P <
0.001; TNF-a: SMD = 4.686, 95% Cl = 2.475-6.896, P < 0.001; Serum: IL.-6: SMD = 2.759, 95% Cl = 1.110-4.409, P
=0.001; TNF-a: SMD = 1.737, 95% Cl = 1.358-2.116, P < 0.001). Further analysis about cerebral vasospasm (CVS)
risk indicated that the IL.-6 and TNF-a levels in CSF and serum in the CVS group were significantly higher than those
in the non-CVS group (CSF: IL-6: SMD = 2.025, 95% Cl = 1.048-3.003, P < 0.001; TNF-a: SMD = 0.969, 95% Cl =
0.583-1.355, P < 0.001; Serum: IL-6: SMD = 4.310, 95% Cl = 1.271-7.350, P = 0.005; TNF-a: SMD = 1.021, 95% Cl
=0.549-1.492, P < 0.001). Conclusion: Our evidences suggested that IL-6 and TNF-a levels in CSF and serum may
be correlated with SAH, which provides a certain of significant guidance for early diagnosis and monitoring of SAH.
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Introduction

Subarachnoid hemorrhage (SAH) is a devastat-
ing neurological disease that can result from a
ruptured aneurysm and has high morbidity and
mortality rates that exceeds 50% [1]. Generally,
SAH accounts for 5% of all stroke cases, affect-
ing more than 30,000 individuals annually in
North America, and half of the patients with
SAH are younger than 55 years [2]. It was
reported that SAH patients were at risk of
developing cerebral vasospasm (CVS), cerebral
ischemia, or ischemic neurological deficits [3].
Among which, CVS is the second leading factor
causing massive disability and death in SAH
patients [4]. Approximately 20% of patients
with CVS have ischemic complications in spite
of receiving therapy, and more than half of SAH
patients die from CVS [5]. SAH is related to
medical conditions that include intracranial

artery dissections, arteriovenous malforma-
tion, mycotic aneurysms, reversible cerebral
vasoconstriction syndrome, bleeding disorders,
and vasculitis [6, 7]. Despite great advances in
the early detection, diagnosis, and proper treat-
ment of SAH, the overall outcome of SAH
patients remains poor [8]. Currently, neuroim-
aging and biochemical markers in cerebrospi-
nal fluid (CSF) and serum/plasma are two areas
of extensive biomarker research [9]. One study
has shown that the inflammatory response and
cytokine release of interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-«) are related
to the severity of illness, occurrence of CVS and
clinical outcomes in SAH patients [10].

IL-6, a pleiotropic inflammatory cytokine, has a
molecular weight of 26 kD and a biological half-
life of less than one hour [11]. Generally, IL.-6
plays significant roles in immune, hematopoie-
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sis, and acute phase responses, which are
reactions to many types of inflammatory stimuli
[12]. TNF-&, which is produced by activated
astrocytes and macrophages, is a pro-inflam-
matory cytokine that plays a role in the self-
propagation of neuronal inflammation [13].
TNF-a exerts it function in the inflammatory
response, and it can also initiate a pro-apoptot-
ic pathway, with vascular endothelial cells act-
ing as the major target [14]. A clinical study
demonstrated an association between clinical
status and inflammation by measuring the
inflammatory markers in CSF or serum [15].
Elevated IL-6 and TNF-« levels have been con-
sistently detected in the CSF and serum of SAH
patients, and they have been used as evidence
of vasospasm via the following observations:
transcranial Doppler ultrasound, delayed isch-
emic deficit and poor SAH outcome [16].
Previous studies have shown that the associa-
tion between SAH and inflammation may medi-
ate poor outcomes, the elevated levels of TNF-a
and IL-6 in CSF and serum provided evidence of
vasospasm and poor outcomes in SAH [17, 18].
However, several studies that attempted to cor-
relate TNF-a and IL-6 levels in serum and CSF
yielded conflicting results [19, 20]. Therefore,
the aim of this study was to explore the correla-
tion of IL-6 and TNF-a levels in CSF or serum
with SAH.

Materials and methods
Search strategy

Relevant studies published before April, 2017
that addressed the correlation of IL-6 and
TNF-a levels in CSF or serum with SAH were
obtained by searching multiple independent
computerized databases (PubMed, China Bio-
Medicine (CBM), Web of Science, China Na-
tional Knowledge Infrastructureand Cochrane
Library). Keywords and free words were com-
bined to do the search strategy, such as SAH,
primary subarachnoid hemorrhage, acute hem-
orrhagic cerebrovascular disease, CSF, cyto-
kines, interleukin and tumor necrosis factor,
etc.

Study selection

The inclusion criteria were as follows: (1) res-
earch topics: the correlation of IL-6 level or TNF-
o level in CSF or serum with SAH; (2) study sub-
jects: patients were clinically diagnosed with

11550

SAH; (3) outcomes: IL-6 or TNF-a level in CSF or
serum were investigated between groups. The
exclusion criteria were as follows: (1) articles
with only an abstract and summary; (2) animal
studies; (3) repetition of published documents;
(4) articles with insufficient data; (5) only the
latest complete study was considered when
selected studies were published by the same
author.

Data extraction and quality assessment

Relevant information from selected articles
was extracted by two independent investiga-
tors and recorded on a predefined form.
Specifically, the following data were obtained:
first author, time of publication, country, ethnic-
ity, language, age, gender, number of cases,
control group and detection method. The two
investigators evaluated the quality of the
included studies in light of the critical appraisal
skill program (CASP) criteria (http://www.casp-
uk.net/). The CASP criteria are standardized as
the following 11 aspects: whether the study
addresses a clearly focused issue (CASPO1);
whether an appropriate method was employed
to answer their question (CASP02); whether the
cases were recruited in an acceptable way
(CASPO3); whether the controls were selected
in an acceptable way (CASP04); whether the
exposures were accurately measured to mini-
mize bias (CASP05); what confounding factors
have the authors accounted for or have the
authors considered as potential confounding
factors in the design or analysis (CASPOG6);
whether the results of this study are complete
(CASPQ7); the precision of the results (CASPO8);
whether the results are reliable (CASP09);
whether the results be can applied to the local
population (CASP10); and whether the results
of the study fit with other available evidence
(CASP11). Discrepancies in the CASP scores for
each of the included articles were further
addressed by a third reviewer through group
discussion and consultation.

Statistical analysis

Our meta-analysis was performed using Co-
mprehensive Meta-analysis 2.0 (Biostat Inc.,
Englewood, New Jersey, USA). The standard
mean difference (SMD) with its 95% confidence
interval (95% CI) was utilized for evaluating the
associations of IL-6 or TNF-a levels in CSF or
serum in patients with SAH. The Z test was per-
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Studies were excluded, due to:

Studies were excluded, due to:

Identification

formed to determine the significance of the
overall effect [21]. A forest plot was drawn to
reflect the values of SMD and 95% Cl between
the study groups. To assess the heterogeneity
across studies, we calculated Cochran’s Q-sta-
tistic (significance level of P < 0.05) and I? test
[22, 23]. The degrees of heterogeneity were
low, moderate and high, which correspond to I
values of 25%, 50% and 75%, respectively. For
the presence of heterogeneity, a random-
effects model was utilized; otherwise, a fixed-
effects model was applied [24]. Multiple meta-
regression analysis was used to evaluate the
potential heterogeneous sources, and the
Monte Carlo simulation method was used to
perform corrections for multiple tests [22, 25].
A sensitivity analysis was conducted to assess
whether the results were affected after exclu-
sion of any single selected study. The funnel
plots, classic fail-safe N and the Egger’s linear
regression test were constructed to determine
whether a publication bias was present [26-
28]. All tests were two-sided, and P < 0.05 was
considered statistically significant.

Results
Included studies

Figure 1 presents the procedure used to iden-
tify the inclusion of eligible studies in our analy-
sis. We initially retrieved 958 studies through
our manual and electronic database search.
There were 10 duplicates, 15 letters or reviews,
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(n = 15) Letters, reviews, meta-analysis (n = 121) Not observational study
(n = 109) Not human studies (n = 230) Not relevant to SAH
(n = 326) Not related to research topics (n = 130) Not relevant to CSF or serum
(el .
. + +
Additional articles . , -
identified : i i
through a manual H 1
search ! -
|
(n = 958) (n = 948) - (n = 498) - (n=17) (n =17)
1 |
Articles reviewed for === Articles after o Full-text articles <+ Studies included in r==*] Studies included in
duplicates duplicates removed assessed qualitative synthesis quantitative
for eligibility synthesis
(meta-analysis)
(n = 957)
Articles identified :
through :
electronic =~ ========-~ Figure 1. The procedure led to the identification and inclusion of
database searching Nl ) . . .
eligible studies in our analysis. Eventually, a total of 17 studies
were selected for the analysis.

Eligibility Included

109 non-human studies and 326 non-related
articles that were considered ineligible and
thus excluded. The remaining 498 studies were
further reviewed, among which 481 were
excluded because 121 were non-observational
studies, 230 were irrelevant to SAH and 130
were irrelevant to CSF or serum. Finally, 17
studies were enrolled in this study, which
included a total of 449 SAH patients [18,
29-45]. These selected studies were published
between 1993 and 2013 and included sub-
jects in both Asian (n = 13) and Caucasian (n =
4) populations. Among these studies, 1 was
performed in Sweden, 1 in Poland, 2 in
Germany, 10 in China, 2 in Korea and 1 in
Japan. Table 1 illustrated the baseline charac-
teristics of these 17 studies in detail.

Correlation between IL-6 and TNF-« levels in
CSF and SAH

Among the 17 selected studies, 12 reported a
correlation between IL-6 levels in CSF and SAH.
Significant heterogeneity was found among
studies (= 96.843%, P, < 0.001); therefore, a
random-effects model was utilized. The results
of the meta-analysis showed that higher levels
of IL-6 were found in the CSF patients with SAH
when compared with the health control group
(SMD = 4.047, 95% Cl = 2.651-5.443, P <
0.001; Figure 2A). An analysis of the incidence
of CVS revealed IL-6 levels in CSF were signifi-
cantly higher in the CVS group than that in the
non-CVS group (SMD = 2.025, 95% Cl = 1.048-
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Table 1. Baseline characteristics of ten included studies

First author Country  Ethnicity  Language Study CASP Sample size _Gender (M/F) Age (years) Method
type scores Case Control Case Control Case Control

Mathiesen T (1993) Sweden Caucasians English Non-RCT 9 30 12 18 NR NR NR 18+2 ELISA
Osuka K (1998) Japan Asians English ~ Non-RCT 10 33 24 9 10/14 NR 56.0+2.4 NR ELISA
Tang YL (2000) China Asians Chinese  Non-RCT 10 40 20 20 11/9 NR 48.2 (25~65) NR ELISA
Fassbender K (2001) Germany Caucasians English Non-RCT 11 55 35 20 14/21 8/12 56.0 + 10.0 40.0+9.0 ELISA
Kwon KY (2001) Korea Asians English Non-RCT 9 31 19 12 6/13 5/7 51.7 (34~69) 46.5(29~65) ELISA
Hendryk S (2004) Poland Caucasians English RCT 9 15 8 7 NR NR NR NR RIM
Li JH (2004) China Asians Chinese  Non-RCT 10 46 26 20 14/12 NR  49.2(0.17~72) NR ELISA
Zhang ZL (2005) China Asians Chinese  Non-RCT 9 52 32 20 17/15 8/12 30.90 + 15.06 35.40 +9.50 RIM
Schoch B (2007) Germany Caucasians English  Non-RCT 11 64 18 46 4/14 11/35 52+12 56 + 12 ELISA
Wang ZG (2007) China Asians Chinese  Non-RCT 9 55 35 20 16/19 8/12 65.2 + 13.3 61.3+£10.2  ELISA
Zhang LG (2008) China Asians Chinese  Non-RCT 10 69 27 42 10/17 24/18 51.8(17~68) 43.9 (26~73) ELISA
Ni W (2011) China Asians English RCT 11 46 20 26 16/4 8/18 53+6 54 +11 ELISA
Lee JH (2012) Korea Asians English Non-RCT 9 16 10 6 2/8 3/3 66.2 (46~79) 43.3(4~63) ELISA
Liu ZW (2012) China Asians Chinese  Non-RCT 10 55 45 10 28/17 4/6 38.30+11.1 3740+9.50 ELISA
Liu BG (2012) China Asians Chinese  Non-RCT 10 54 41 13 18/23 5/8 52.40+5.6 439+ 7.2 ELISA
Jiang JQ (2013) China Asians Chinese  Non-RCT 9 102 52 50 29/23 26/24 69.26+5.37 68.84+6.73 ELISA
Xie X (2013) China Asians English ~ Non-RCT 11 72 36 36 NR NR NR NR ELISA

ELISA: enzyme-linked immunosorbent assay; RIM: radio-immunity method; NR: not reported; RCT: randomized controlled trial; CASP: critical appraisal skills programme.
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A CSF IL-6 levels(pg/ml)
(SAH patients vs Health control)

Author Statistics for each study Std diff in means and 95%CI  Weight(Random) Residual(Random)
Std diff Standard Lower Upper Relative std
inmeans error Variance limit limit 2Z.-Value P-Value weight Residual
Mathiesen T(1993) 2025 0478 0229 1087 2962 4233 0000 —— 864 osr
Osuka K (1998) 0258 0345 0119 -0417 0933 0748 0454 as -165
Tang YL(2000) 9887 1150 1.322 7.634 12141 8.509 0000 729 230
Fassbender K (2001) 18 944 1828 3341 15362 22527 10364 0000 565 512
Kwon KY (2001) 0309 037 0138 -0.418 1035 0832 0405 B78 1.63
Li JH (2004) 1442 0333 0imn 0.789 2096 4328 0000 i 882 1.14
Zhang ZL (2005) 3251 0428 0183 2413 4080 7602 0000 87 035
Wang ZG(2007) 1994 0339 0.115 1.330 2658 5887 0000 ot 882 0.90
Zhang LG (2008] 08633 0276 0076 0.091 1174 2289 0022 888 1.50
Liu ZW (2012) 5667 0644 0414 4405 6928 8806 0000 —_—— 838 069
Liu BG (2012) 3795 0484 0235 2846 4745 7834 0000 864 on
Jiang mensi 6834 0518 0268 5819 7848 13197 0000 ’ _._| 859 120
Overal 4047 anz 0507 2651 5443 5683 0000
-800 -400 000 400 800
Heterogeneity test (2 = 96.843%, P < 0.001)
Z test (Z = 5.683, P <0.001)
B
CSF TNF-a levels(pg/ml)
(SAH patients vs Health control)
Author Statistics for each study Std diff in means and 95%CI  Weight(Random) Residual(Random)
Std diff Standard Lower Upper Relative std
inmeans error Variance limit limit 2Z-Value P-Value weight Residual
Fassbender K (2001) 3024 0.402 0162 2236 3813 7.521 0000 —— 16.21 -085
Kwon KY (2001) 1617 0.422 0178 0.790 2444 3.831 0000 —— 16.17 -120
Zhang LG (2008) 0734 0.279 0078 0.188 1280 2634 0008 B 16.38 -155
Lee JH (2012) 2042 0.630 0397 0.807 3277 3241 0001 —— 15.74 -101
LuBG (2012) 1844 0364 0133 1.130 2558 5060 0000 .- | l 16.27 -11
Jiang JQ (2013) 6391 0 489 0239 5432 735 13061 0000 —— 16.05 066
Xmo X (2013) 68183 5687 32340 57.037 79329 11990 0000 3.18 1020
Overall 4686 1.128 12712 2475 6896 4155 0000
800 -400 o000 400 800
Heterogeneity test (2 = 97.529%, P < 0.001)
Z test (Z = 4.155, P < 0.001)
(SAH patients vs Health control)
Author Statistics for each study Std diff in means and 95%CI  Weight(Random) Residual(Random)
Std diff Standard Lower Upper Relative Std
inmeans error Varlance limit limit Z-Value P-Value weight Residual
Mathiesen T(1993) 1.211 0341 0116 0543 1878 3.556 0000 i 1717 084
Osuka K(1998) 2.142 0403 0163 1351 2932 5. 0000 i 1698 033
Tang YL(2000) 8.445 0996 09091 6493 10306 8. 481 0000 1416 274
Zhang ZL (2005) 0.203 0286 0082 -0357 0763 0.709 0478 17 -139
Zhang LG (2008) 0.605 0252 0063 0111 1000 2.400 0016 1739 -1147
Jang JQ (2013) 5014 0403 0162 4224 5804 12,430 0000 —— 16 98 2
Overall 2.759 0842 0708 1110 4 409 3.278 0001
-800 - 400 000 400 800
Heterogeneity test (/ = 96.897%, P < 0.001)
Ztest(Z =3.278, P=0.001)
D
Serum TNF-a levels(pg/ml)
(SAH patients vs Health control)
Author Statistics for each study Std diff in means and 95%C| Weight(Random) Residual(Random)
Std diff Standard Lower Upper Relative Std
inmeans error Variance limit limit 2Z-Value P-Value weight Residual
Zhang LG (2008) 0689 0254 0064 0192 1186 217 0.007 .- 5800 -638
Jiang JQ (2013) 3189 0298 0089 2604 arma 10 685 0.000 B an 638
1737 0193 0037 1358 2116 8.988 0.000 ’
400 400 000 400 800

Heterogeneity test (i = 97.547%, P < 0.001)
Z test (Z = 8.988, P < 0.001)

Figure 2. Forest plots for comparisons of IL.-6 and TNF-« levels in CSF and serum between SAH patients and the
health control group (SAH: subarachnoid hemorrhage, CSF: cerebrospinal fluid, A: CSF IL-6 levels, B: CSF TNF-a
levels, C: Serum IL-6 levels, D: Serum TNF levels).
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A CSF IL-6 levels(pg/ml)
(CVS vs NON-CVS)

Author Statistics for each study Std diff in means and 95%C|I  Weight(Random) Residual{Random)
Std diff Standard Lower Upper Relative Std
inmeans error Variance limit limit Z-Value P-Value weight Residual
Hendryk S (2004) 1.513 0587 0344 0363 2.663 2579 0010 —_— 1138 -037
Zhang ZL (2005) 28.490 3500 12887 21454 35 526 7936 0000 169 695
Schoch B (2007) 0.695 0285 0081 0137 1.254 2443 0015 B 1293 -103
Wang ZG(2007) 1.072 0407 0.166 0274 1.871 2632 0008 —8— 1239 -072
ZhangLG(2008) 1094 0415 0172 0280 1907 2636 0008 —— 1235 -070
NW(2011) 1614 0342 ony 0944 2.283 4722 0000 —— 1270 -032
Liu ZW (2012) 0.986 0387 0150 0228 1.744 2548 0011 i 1249 -079
LuBG(2012) 4722 0612 0374 352 5021 7717 0000 122 102
Jang JQ(2013) 1219 0304 0092 0624 1814 4013 0000 - 1286 062
Overall 2025 0499 0249 1048 3.003 4062 0000 P o
800 400 Q00 400 200

Heterogeneity test (/2 = 91.611%, P < 0.001)
Z test (Z = 4.062, P < 0.001)

. CSF TNF-a levels(pg/ml)
(CVS vs NON-CVS)

Author Statistics for each study Std diff in means and 95%Cl Weight(Fixed) Residual(Fixed)
Std diff Standard Lower Up Relative Std
inmeans error Variance limit limit Z-Value P-Value weight Residual
Zhang LG (2008) 1083 0415 0172 0280 1807 2635 0008 —— 2250 034
Liu BG (2012) 0493 0325 0105 -0144 1129 1517 0129 3672 184
Jiang JQ (2013) 1329 0308 0095 0725 1933 4314 0000 -3~ 4078 152
Overall 0969 0197 0039 0583 1355 4924 0000 .
-8.00 -400 000 400 8.00

Heterogeneity test (/2 = 44.592%, P = 0.165)
Z test (Z=4.924, P <0.001)

G Serum IL-6 levels(pg/ml)
(CVS vs NON-CVS)

Author Statistics for each study Std diff in means and 95%CI  Weight(Random) Residual(Random)
Std diff Standard Lower Upper Relative Std
inmeans error Variance limit limit Z-Value P-Value weight Residual
Zhang ZL (2005) 15687 2013 4050 11743 19632 7195 0000 p 2354 407
Zhang LG (2008) 0878 0405 0.164 0083 1672 2166 0030 3790 A73
Jiang JQ (2013) 0741 0289 0083 0175 1.306 2567 0010 - 3848 -182

Overall 4310 1551 2404 1271 7350 2780 0005

400 400 000 400 8.00
Heterogeneity test (7 = 96.307%, P < 0.001)
Z test (Z=2.780, P =0.005)

B Serum TNF-a levels(pg/ml)
(CVS vs NON-CVS)
Author Statistics for each study Std diff in means and 95%CI Weight(Fixed) Residual(Fixed)
Std diff Standard Lower Upper Relative Std
inmeans error Variance limit limit Z-Value P-Value weight Residual
Zhang LG (2008) 1020 0411 0169 0214 1826 2479 0013 —— 34.20 -000
Jiang JQ (2013) 1021 0297 0088 0439 1602 340 0001 -.- 65.80 000
Overall 1021 0241 0058 0549 1492 4241 0000 .

400 400 000 4.00 800

Heterogeneity test (/2 = 0.000%, P = 0.999)
Ztest (Z=4.241, P <0.001)

Figure 3. Forest plots for comparisons of IL-6 and TNF-a levels in the CSF and serum between CVS and non-CVS
groups (SAH: subarachnoid hemorrhage, CSF: cerebrospinal fluid, CVS, cerebral vasospasm, A: CSF IL-6 levels, B:
CSF TNF-« levels, C: Serum IL-6 levels, D: Serum TNF levels).
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CSF IL-6 levels(pg/ml)
Ethnicity(SAH patients vs Health control)

Group by
Subgroup within study Author  Ethnicity Statistics for each study Std diff in means and 95%Cl| Weight(Separate tau) Residual(Separate tau)
Std diff Standard Upper Relative sta
inmeans error Vanance ymg jimit Z-Value P-Value weight Residual
Asians Osuka K (1998) Asians 0258 0345 0119 -0417 0833 0748 0454 10.33 445
Asians Tang YL(2000) Asians 9887 1150 132 7634 12141 B8589 0000 24 285
Asians Kwon KY (2001) Asians 0309 0371 0138 -0418 1035 08X 0405 1029 1.42
Asians Li JH (2004) Asians 1442 0333 0111 0783 2005 4328 0000 J— 10.35 088
Asians Zhang ZL (2005) Asians 3251 0428 0183 2413 4089 7.602 0000 10.19 0,00
Asians Wang ZG(2007) Asians 1994 0339 0115 1330 2658 5837 0000 —_— 10.34 0861
Asians Zhang LG (2008) Asians 0633 0276 0076 0091 1174 2289 0022 1043 427
Asians Liu ZW (2012) Asians 5667 0644 D414 4405 6528 B8.806 0000 e 73 1.14
Asians Liu BG (2012) Asians 3795 0484 0236 2846 4745 T8M 0000 10.09 026
Asians. Jiang JQ (2013) Asians 683 0518 0268 65819 7848 13197 0000 —— 10.02 1M
Asians 3244 0700 0489 1873 4615 4637 0000
Caucasians Mathiesen T(1993) Caucasians 2025 0478 0229 1.087 2962 423 0000 — 50.54 .00
G F K(2001) G 18944 1828 3341 15362 22527 10364 0000 49 46 1.00
Caucasians 10392 8459 71561 -6.188 26973 1229 0219
|00 400 000 800
Asians:Heterogeneity test (2 = 96.571, P < 0.001)
Caucasians:Heterogeneity test (7 = 98.753, P < 0.001)
£ CSF TNF-a levels(pg/ml)
Ethnicity(SAH patients vs Health control)
Group by
Subgroup within study Author  Ethnicity Statistics for each study Std diff in means and 95%C| ght(Sep tau) (Sep tau)
Swdift Standard Lower Upper Relativi Std
inmeans emor Vanance ump mm Z-Value P-Value ‘"w' i
Asians. Kwon KY (2001) Asians 1617 042 Q178 0790 2444 3831 0000 — 19.16 1.28
Asians Zhang LG (2008) Asans 0734 0279 Q078 0188 1280 2634 0008 - 19.36 1.69
Asians Lee JH (2012) Asians 2042 0630 0387 0807 3277 341 0001 e — 1874 1.20
Asians L BG (2012) Asans 1844 0354 0133 1130 2558 5060 0000 — 1925 1.29
Asians Jiang JQ (2013) Asans 6391 0439 0239 5432 735 13061 0000 - 19.04 0.33
Asians Xe X (2013) Asians 68183 5687 32340 57037 79329 11960 0000 . 446 9.91
Asians 6448 1368 1871 2768 8120 3084 0000
Caucasians FassbenderK (2001) Caucasians 3024 0402 0162 2236 3813 7521 0000 e 10000
Caucasians. 3024 0402 0162 2236 3813 7521 0000
200 -400 0.00 400 800
Asians:Heterogeneity test (# = 97.896, P < 0.001)
Caucasians:Heterogeneity test (# = 0.000, P = 1.000)
Group by
Subgroup within study Author for each study Std diff in means and 95%CI ate tau) ate tau)
Std @iff Standard Lower Upper Relative Std
inmeans emor Vanance ymg pmm Z-Value P-Value weight Residual
Asians Osuka K(1998) Asians 2142 0403 0163 1351 293 5311 0000 e 2040 047
Asians Tang YL(2000)  Asans 8445 099 0991 6493 1039 8481 0000 17 69 235
Asians Zhang ZL(2005)  Asans 0203 0286 ODB2 0357 0763 0709 0478 2071 442
Asians ZhangLG(2008)  Asans 0605 0252 0063 0111 1099 2400 0016 2079 423
Asians Jiang JO(2013) Asians S04 0403 0162 4224 5804 12439 0000 — 2040 o
Asians 3122 1050 1102 1064 5179 2973 0003
Caucasians Mathiesen T(19983) Caucasians 1211 0341 0116 0543 1878 3556 0000 B 100 00
Caucasians 1211 0341 0116 0543 1878 3556 0000
-800 400 050 400 200

Asians:Heterogeneity test (7 = 97.504, P <0.001)
Caucasians:Heterogeneity test (7 = 0.000, P = 1.000)

Figure 4. Forest plots based on ethnicity for comparisons of IL:6 and TNF-a levels in CSF and serum between SAH
patients and the health control group (SAH: subarachnoid hemorrhage, CSF: cerebrospinal fluid, A: CSF IL-6 levels,
B: CSF TNF-a levels, C: Serum IL-6 levels).

3.003, P < 0.001; Figure 3A). According to the
subgroup analysis of ethnicity, SAH patients
had higher CSF levels of IL-6 than the health
control group in the Asian populations (SMD =
3.244, 95% Cl = 1.873-4.615, P < 0.001), but
no statistical correlation was found in the
Caucasian populations (SMD = 10.392, 95% CI
=-6.188-26.973, P = 0.219; Figure 4A). Seven
studies examined the correlation between
TNF-« levels in CSF and SAH. A random-effects
model was applied to examine the existence of
significant heterogeneity (P = 97.529%, P, <
0.001). The results indicated that TNF-« levels
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in CSF were markedly higher in patients with
SAH than in the health control group (SMD =
4.686, 95% Cl = 2.475-6.896, P < 0.001;
Figure 2B). According to the incidence of CVS in
SAH patients, TNF-a levels in CSF in the CVS
group were remarkably higher than those in the
non-CVS group (SMD = 0.969, 95% Cl = 0.583-
1.355, P < 0.001; Figure 3B). A subgroup analy-
sis based on ethnicity suggested that TNF-«
levels in CSF in SAH patients were higher than
those in the health control group in both the
Asian and Caucasian populations (Asian popu-
lations: SMD = 5.448, 95% Cl = 2.768-8.129, P
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A
CSF IL-6 levels(pg/ml)
(SAH patients vs Health control)
Author Statistics with study removed Std diff in means (95% Cl) with study removed
Standard Lower Upper
Point error Variance limit limit Z-Value p-Value
Mathiesen T(1993) 4.272 0.775 0.600 2754 5.791 5514 0.000
Osuka K (1998) 4.436 0.767 0.588 2934 5.939 5.787 0.000
Tang YL(2000) 3.542 0.695 0.482 2180 4.903 5.099 0.000
Fassbender K(2001) 3122 0.641 0.410 1.868 4377 4.873 0.000
Kwon KY(2001) 4431 0.767 0.588 2928 5.933 5779 0.000
Li JH (2004) 4.358 0.801 0.841 2789 5.928 5.442 0.000
Zhang ZL (2005) 4.154 0.773 0.597 28640 5.668 5.317 0.000
Wang ZG(2007) 4.308 0.803 0.645 2733 5.882 5.363 0.000
Zhang LG (2008) 4.428 0.791 0.625 2878 5978 5.599 0.000
Liu ZW (2012) 3.876 0.725 0.526 2455 5.208 5.345 0.000
Liu BG (2012) 4.087 0.759 0.576 2.600 5574 5.386 0.000
Jiang JQ (2013) 3.680 0.666 0.444 2375 4.985 5525 0.000 _
Overall 4.047 0.712 0.507 2651 5443 5.683 0.000
-8.00 -4.00 0.00 4.00 8.00
B
CSF TNF-a levels(pg/ml)
(SAH patients vs Health control)
Author Statistics with study removed Std diff in means (95% CI) with study removed
Standard Lower Upper
Point error Variance limit limit Z-Value p-Value
Fassbender K (2001) 5.448 1.368 187 2.768 8.129 3.984 0.000
Kwon KY (2001) 5701 1.362 1.856 3.030 837 4.184 0.000 —_— —
Zhang LG (2008) 5926 1.378 1.899 3.225 8628 4.300 0.000 —— —
Lee JH (2012) 5379 1.200 1.665 2.850 7.908 4.169 0.000 —_—
Liu BG (2012) 5815 1411 1.990 3.050 8.580 4122 0.000 —_—
Jiang JQ (2013) 3.902 1,088 1.185 1.768 6.035 3.585 0.000 s D
Xie X (2013) 2593 0.768 0.580 1.087 4.009 3.375 0.001 _—
Overall 4.686 1.128 1272 2475 6.896 4.155 0.000
-8.00 -4.00 0.00 4.00 8.00
c Serum IL-6 levels(pg/ml)
(SAH patients vs Health control)
Author Statistics with study removed Std diff in means (95% Cl) with study removed
Standard Lower Upper
Point efror Variance limit limit Z-Value p-Value
Mathiesen T(1993) 3122 1.050 1.102 1.084 5179 2973 0.003
Osuka K(1998) 2916 1.006 1.013 0.943 4.888 2.897 0.004
Tang YL(2000) 1.816 0.770 0.593 0.306 3.325 2.357 0.018
Zhang ZL (2005) 3321 1.007 1.013 1.348 5.294 3.300 0.001
Zhang LG (2008) 3.257 1.072 1.149 1.156 5.358 3.038 0.002
Jiang JQ (2013) 2163 0.698 0.488 0.794 3532 3.097 0.002
Overall 2759 0.842 0.708 1.110 4409 3.278 0.001
-8.00 -4.00 8.00

Figure 5. Sensitivity analyses for comparisons of IL-6 and TNF-« levels in CSF and serum between SAH patients and
the health control group (SAH: subarachnoid hemorrhage, CSF: cerebrospinal fluid, A: CSF IL-6 levels, B: CSF TNF-a

levels, C: Serum IL-6 levels).

< 0.001; Caucasian populations: SMD = 3.024,
95% Cl = 2.236-3.813, P < 0.001; Figure 4B).

Correlation between IL-6 and TNF-« level in
serum and SAH

The correlation between IL-6 level in serum and
SAH was reported in 6 studies. The significant
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heterogeneity found among studies led to the
selection of a random-effects model (P =
96.897%, P, < 0.001). The results of the meta-
analysis demonstrated that higher level of IL-6
in serum was found in SAH patients than in the
health control group (SMD = 2.759, 95% CI =
1.110-4.409, P = 0.001; Figure 2C). Further
analysis concerning CVS risk showed that the

Int J Clin Exp Med 2017;10(8):11549-11562
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CSF IL-6 levels(pg/ml)
(SAH patients vs Health control)
Funnel Plot of Precision by Std diff in means
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Figure 6. Publication bias for comparison of IL-6 and TNF-a level in CSF and serum between SAH patients and the
health control group (SAH: subarachnoid hemorrhage, CSF: cerebrospinal fluid, A: CSF IL-6 levels, B: CSF TNF-a
levels, C: Serum IL-6 levels).
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Table 2. Meta-regression analysis of potential source of heterogeneity

Outcomes ~ eterogeneity . ticient SE t P (Adjusted) 95% Cl
factors LL uL
CSF IL6 Year 0.368 0.285 1.290 0.423 0.289 1.025
Ethnicity 10.219 4.795 2130 0.170 .0.837 21.276
Sample size 0.011 0.046 0.240 0.990 -0.095 0.118
Language 0.686 0.408 1.680 0.812 0.212 1.585
CSF TNF-a Year 1.491 3.354 0.440 0.817 9.182 12.163
Ethnicity 2.984 44.963 0.070 1000  -140.107  140.075
Sample size 0.179 0.521 0.340 0.968 1.477 1.836
Language 1.364 0.890 1.530 0.970 -0.815 3.542
Serum IL-6 Year -0.073 0.590 -0.120 1.000 -2.610 2.465
Ethnicity 2,920 7.154 -0.410 0.962 -33.698 27.860
Sample size -0.001 0.154 -0.010 1.000 -0.662 0.660
Language 0.256 1.732 0.150 0.890 4,553 5.065

Notes: SE: Standard Error; LL: Lower Limit; UL: Upper Limit; 95% CI: 95% confidence interval.

serum level of IL-6 was higher in the CVS group
than in the non-CVS group (SMD = 4.310, 95%
Cl = 1.271-7.350, P = 0.005; Figure 3C). An
ethnicity-stratified analysis indicated that
serum levels of IL-6 were higher in SAH patients
than in the health control group in both the
Asian and Caucasian populations (Asian popu-
lations: SMD = 3.122, 95% Cl = 1.064-5.179, P
= 0.003; Caucasian populations: SMD = 1.211,
95% Cl = 0.543-1.878, P < 0.001; Figure 4C).
Two studies examined the correlation between
TNF- level in serum and SAH. A random-
effects model was applied to identify the exis-
tence of significant heterogeneity (I’ = 97.547%,
P, < 0.001). The results indicated that serum
levels of TNF-a were markedly higher in SAH
patients than in the health control group (SMD
= 1.737, 95% Cl = 1.358-2.116, P < 0.001;
Figure 2D). According to the CVS risk found in
SAH patients, serum levels of TNF-a in the CVS
group were remarkably higher than those in the
non-CVS group (SMD = 1.021, 95% Cl = 0.549-
1.492, P < 0.001; Figure 3D).

Source of heterogeneity

The sensitivity analysis showed that all of the
studies included in the meta-analysis had no
significant effect on the SMD values for the cor-
relation of IL-6 or TNF-« levels in serum or CSF
with SAH (Figure 5A-C). The funnel plot was
symmetrical, which suggested no obvious pub-
lication bias. The classic fail-safe N together
with the Egger’s linear regression test further
confirmed that a significant publication bias
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was found among the included studies (both P
< 0.05) (Figure 6A-C). Multiple meta-regression
analysis showed that age, ethnicity, sample
size and language were neither the main sourc-
es of heterogeneity, nor the key factors affect-
ing the overall effect (P > 0.05, Table 2).

Discussion

The present meta-analysis was constructed to
investigate the correlation of the levels of IL-6
and TNF-a in CSF or serum with SAH. Our meta-
analysis results suggest that the levels of IL-6
in the CSF and serum were higher in SAH
patient than in the health control group, indicat-
ing that these two cytokines in CSF and serum
may be associated with SAH. This can be
explained by the fact that when SAH occurred,
a local inflammatory reaction in the brain tissue
activated a massive release of cytokines,
including IL-6 and TNF-a. The identification of
related signal transduction molecules also acti-
vated a variety of kinases in cells, which
increased the flow velocity in the basilar artery
in the brain and further increased the incidence
of CVS in SAH patient [40].

One of the findings in this meta-analysis showed
that the levels of IL-6 in the CSF and serum of
SAH patient were higher than those in the
health control group, suggesting the increased
level of IL-6 in CSF and serum may be associ-
ated with the onset of SAH, especially CVS. It is
well-known that higher IL-6 levels are closely
associated with various diseases, such as type
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2 diabetes mellitus, cardiovascular disease,
acute brain injury, acute cerebral ischemia, and
cancer growth [46, 47]. IL-6 is related to
increased endothelial permeability in the cen-
tral nervous system (CNS) and upregulation of
molecular mediators in ischemic brain injury
(eg. leukotrienes and prostaglandins (PG)), both
of which might cause further brain injury in SAH
[48]. Additionally, IL-6 can activate PG and COX
cascade reaction by increasing production of
cyclooxygenase 2 protein. Together, these sub-
stances led to the production of PG and further
contributed to the occurrence of CVS [49].
Furthermore, a series of reactions initiated by
IL-6 play significant roles in stimulating intracra-
nial vascular spasm, causing increases in vas-
cular resistance and critical pressure, as well
as reductions in blood flow velocity and blood
flow, thus aggravating cerebral ischemia, hem-
orrhage, inflammatory reactions and vascular
spasm and greatly exacerbating the clinical
symptoms of SAH patients [34]. In accordance
with our results, SAH patients generally showed
elevated IL-6 levels in serum, CSF, cerebral
extracellular fluid, and peripheral veins [50].
Furthermore, Schoch et al. provided strong evi-
dence that IL-6 was significantly elevated in
SAH patients with unfavorable outcome [37].

Another finding in our meta-analysis indicated
that the levels of TNF-a in the CSF and serum of
SAH patient were higher than those in the
health control group, suggesting the increased
levels of TNF-a in CSF and serum may be asso-
ciated with the onset of SAH. TNF-a is a pro-
inflammatory cytokine that is associated with
SAH-related endothelial cell apoptosis, oxida-
tive stress, and recruitment of inflammatory
mediators of vasospasm [51]. Additionally,
TNF-a plays an important role in the inflamma-
tory cascade and host defense against infec-
tions, which was identified as a potential thera-
peutic target for autoimmune disease [52]. One
study provided evidence that apoptosis
occurred when endothelial cells were exposed
to specific inducers, such as TNF-«; therefore,
TNF-a together with the caspase-dependent
cascades were believed to play important roles
in  SAH-induced apoptosis [53]. In fact,
increased circulating TNF-« is related to more
severe secondary brain injury in other condi-
tions, including intra-cerebral hemorrhage and
ischemic stroke [54]. At the cellular level, TNF-a
may be involved in SAH via the pleiotropic
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effects, such as activation of mitogen-activat-
ed protein kinases (MAPK) and promotion of
downstream inflammatory cascade by promot-
ing the synthesis of adhesion molecules with
other cytokines [18]. Additionally, TNF-a plays a
significant role in the onset of cerebral vaso-
constriction and hemolysis-induced vascular
injury, and both human and animal studies
have demonstrated a role for TNF-a in CVS [55,
56]. Jayaraman et al. reported an essential role
for TNF-a in the development of SAH in an asso-
ciation with poor outcomes [20]. In this meta-
analysis, our results confirmed TNF-a as a cir-
culating inflammatory marker related to poor
SAH outcomes in humans.

Given the influence of ethnicity on the levels of
IL-6 and TNF-a in SAH, subgroup analyses were
constructed based on ethnicity. The ethnicity-
stratified analysis showed that the levels of
TNF-a in CSF and IL-6 in serum were higher in
SAH patients than in the health control group in
both Asian and Caucasian populations.
However, the CSF levels of IL-6 were higher in
SAH patients than in the health control group in
the Asian populations, but no statistical corre-
lation was found in the Caucasian populations.
These differences between ethnicity subgroups
could be attributed to geographical, environ-
mental and genetic factors.

Some limitations should be addressed while
interpreting the results of the present meta-
analysis. First, the 17 studies included in the
analysis involved only Caucasians and Asians,
whereas other ethnicities were inapplicable in
the meta-analysis, which could contribute to a
selection bias. Second, the lack of original data
from some of the included studies restricted a
further assessment. For example, an analysis
of the ethnicity subgroups for TNF-a level in
serum was not conducted because of insuffi-
cient data. Moreover, with the restrictions of
the search parameters and a lack of persons
who were proficient in other language, only
studies published in English and Chinese were
included into our meta-analysis, studies pub-
lished in other languages were not included.

In conclusion, our findings demonstrated that
the levels of IL-6 and TNF-& in CSF and serum
may be associated with SAH, and they could be
used as important biological indicators for early
diagnosis and monitoring for SAH.
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