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Aneurysmal subarachnoid hemorrhage (aSAH)-induced cerebral vasospasm and delayed ischemic
neurological deficit (DIND) are the major causes of morbidity and mortality in patients with aSAH. The
effects of statins-use for patients with aSAH remain controversial. Here,a total of 249 patients from six
randomized controlled trials(RCTs) were subjected to meta-analysis. No significant decrease was found in
the incidence of vasospasm(RR, 0.80; 95% CI, 0.54-1.17), with substantial heterogeneity (I* = 49%, P =
0.08), which was verified by the further sensitivity analysis and subgroup meta-analysis. Furthermore, no
significant difference was presented in the incidence of poor neurological outcome(RR, 0.94; 95% CI, 0.77-
1.16), and potential side effects(RR, 2.49; 95% CI, 0.75-8.33). Nevertheless, significant difference was
reported in the occurrence of DIND(RR, 0.58; 95% CI, 0.37-0.92) and mortality(RR, 0.30; 95% CI, 0.14-
0.64). At present, although statins-use in the patients with aSAH should not be considered standard care at
present, statins-use may have the potential effects in the prevention of mortality in patients with aSAH.

neurysmal subarachnoid hemorrhage (aSAH)-induced cerebral vasospasm and delayed ischemic neuro-

logical deficit (DIND), especially those associated with arterial vasospasm, remain the major causes of

morbidity and mortality in patients with aSAH'. Although treatment with nimodipine confirms the effect
of improving outcomes after subarachnoid hemorrhage (SAH), its benefit is modest and the mechanism is
uncertain®*. Recently, there has been growing interest in the use of 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors (statins), which has been demonstrated to raise cerebral endothelial nitric oxide synthase
expression, improve endothelial function, increase cerebral blood flow and protect against ischemia®®. In some
clinical studies, statins-use could reduce vasospasm, DIND, and mortality’"’. Conversely, negative effects of
statins-use were presented in other studies''™*°.

Due to only 5% stroke caused by aSAH'"” and a proportion of death in patients with aSAH before admission in
hospital, the prospective, multicenter and large sample size randomized controlled trials (RCT) regarding statins-
use seems too difficult to complete. Hence, the meta-analysis would be the available methodology to speculate the
identified effects of statins-use for patients with aSAH. To our knowledge, four meta-analyses with regards to this
aspect had been published previously'®'. Nevertheless, different viewpoints were raised in the four studies. The
effects of statins-use for patients with aSAH still remain controversial and no recommendation was presented in
the guideline’*. In previous meta-analyses, different clinical studies (prospective or retrospective) might enhance
the methodological heterogeneity. Besides, a new RCT of simvastatin-use for patients with aSAH has been
published'. A further meta-analysis which only included RCTs might be some interesting to explore the effects
of statins-use for patients with aSAH. In addition, the potential side effects of statins-use would be investigated in
our study.

Results

Study Identification and Selection. The combined search strategy identified 89 papers. After title, abstract, and
full text screening, five RCTs met our inclusion criteria. An additional RCT was identified by hand searching.
Thus, eventually six RCTs were included in the present meta-analysis. Unfortunately, we did not receive any
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Figure 1| Selection process for RCTs. RCTs: randomized controlled trials.

missing analytical data for meta-analysis from the corresponding
authors of the included studies. The selection process is shown in
Figure 1.

Study Characteristics. Characteristics of patients with aSAH are
presented in Table 1. The six RCTs were all small sample size and
single-center studies, enrolling a total of 249 patients”*"*"'%**. Most of
patients were female. One RCT has been published as abstract®. One
RCT reported the population descent’. Hunt-Hess and WENS grades
were described in four RCTs>'*"'. 44 (23%) of 189 patients’ initial
status was comatose (WFNS or Hunt-Hess grade > IV). Fisher grade
was confirmed in three RCTs”'*?. 10 (10%) of 98 patients were in
Fisher grade IV. Management of culprit aneurysms was mentioned
in five RCTs™®"*7° 147(64%) of 228 patients underwent
microsurgical clipping. Five studies administered simvastatin at a
dose of 80 mg/d within 96 hours for 14-21 days, while one study
used pravastatin at a dose of 40 mg/d within 72 hours for 14 days.

Three studies used TCD cerebral artery velocity as the detected
methodology for vasospasm”*'®, while the other three required TCD
cerebral artery velocity or cerebral arteriographic evidence of vasos-
pasm'*'®*. Definition for DIND also varied. Clinical symptoms,
TCD and angiographic results were confirmed as DIND in two
RCTs”**. However, new ischemic neurologic deficits or Glasgow
Coma Scale (GCS) were performed as the criteria of DIND in the
other RCTs*'*'%. GOS and MRS were presented in five RCTs>'*10%,
The timing of outcome assessment varied from as early as hospital
discharge®'** to as late as 6 months'>'. Potential side effects were
demonstrated in four RCTs”'*"', the definition of that was consistent
in the studies.

The quality of the included RCT's was assessed by Cochrane risk of
bias assessment. If no specific descriptions were found in the trials,

we tended to choose the answer of unclear risk. However, the results
only reflected our viewpoint (Figure 2).

Meta-analysis Outcomes. All the pooled results are shown in
Figure 3. The incidence of vasospasm was 41% (51/124) and 54%
(68/125) in statins-use patients and placebo-use patients
respectively. All the six RCTs with 249 patients were combined
using a fixed-effects model. statins-use were associated with a
slight significant reduction in the incidence of vasospasm (RR,
0.76; 95% CI, 0.59-0.98). However, there was evidence of moderate
heterogeneity (I* = 49%, P = 0.08). A random-effects model was
considered more appropriate. The result of meta-analysis using
random-effects model showed no statistically significant (RR, 0.80;
95% CI, 0.54-1.17). Further exclusion of any single study did not
materially alter the overall combined RR, with a range of from 0.70
(95% CI, 0.45-1.08) to 0.89 (95% CI, 0.61-1.29). The sensitivity
analysis were also performed to examine the influence of various
criteria on the combined estimates. No significant changes were
found using sensitivity analyses, indicating that our results were
reliable (Table 2).

Although the definition of DIND was mentioned in all the trials,
we only acquired the number of patients with DIND in four
trials®'*"'%. We tried to contact the corresponding authors of included
RCTs for the missing analytical data, unfortunately, we did not get
any reply. Therefore, only four RCTs were included in the meta-
analysis of DIND. DIND was observed in 21% (20/94) statins-treated
patients and 37% (35/95) placebo-treated patients respectively.
Statins-use could significantly reduce the occurrence of DIND (RR,
0.58; 95% CI, 0.37-0.92), with no substantial heterogeneity (I* =
46%, P = 0.14).

Neurological outcome was evaluated by GOS or MRS in five
RCTs*"*'%**. However, the detailed data of neurological outcome
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Random sequence generation (selection bias) _
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Figure 2 | Quality of the included RCTs assessed by Cochrane risk of bias assessment. If no specific descriptions were found in the trials, we tended to

choose the answer of unclear risk. RCTs: randomized controlled trials.

was reported in four trials®'*~'°. For the definition of poor outcome, a
GOS of 1 to 4 points was considered equivalent to a MRS of 3 to 6
points®. Poor outcome occurred in 61% (57/94) statins-treated
patients, which presented in 64% (61/95) placebo-treated patients.
The difference between two groups was not statistically significant
(RR, 0.94; 95% CI, 0.77-1.16), with no substantial heterogeneity (I* =
1%, P = 0.39).

Mortality was observed in all the six RCTs, which occurred in 6%
(7/124) statins-treated patients versus 20% (25/125) placebo-treated
patients. Statins-use was associated with a significant reduction in
the occurrence of mortality (RR, 0.30; 95% CI, 0.14-0.64), with no
substantial heterogeneity (I* = 0%, P = 0.83).

Potential side effects of statins-use were reported in four stud-
ies”*'¢, which occurred in 11%(8/73) statins-use patients and 4%
(3/75) placebo-use patients respectively. No significant difference
(RR, 2.49; 95% CI, 0.75-8.33), with no substantial heterogeneity (I*
= 0%, P = 0.88), was found between two groups.

stauns placebo Risk Ratio Risk Ratio

r vents T vents Total W MK, n, 95% CI MH, om, 95%Cl
Chou 2008 13 19 " 20 235% 1.24(0.75,205] W o
Grag 2013 3 19 5 19 73% 060(0.17,216) |
Lynch 2005 5 19 12 20 138% 044(019,1.01] —
Macedo 2009 1 " 4 10 33% 023[0.03,1.71] -
Tseng 2005 17 40 25 40 260% 0.68[0.44,1.05) =
Vergouwen 2003 12 16 1" 16 260% 1.09(0.71,189] ==
Total (95% C1) 124 125 100.0% 0.80(0.54,1.17] <
Total events 51
Heterogenedty. Tau”= 0.10, Ch* = 8.80, df = 5 (P = 0.08), = 49% 005 02 H 5 20

Testfor overall effect Z= 116 (P = 0.25) Eavours [statins] Favours [placebo]

Efficacy of statins-use in the prevention of vasospasm

statins placebo Risk Ratio Risk Ratio
Study or I Events Total Events TYotal WWeight M.-H,Fixed, 95% CI M-H, Fixed, 95% CI
Chou 2008 12 19 10 20 159%  1.26(0.72,2.20] 1
Grag 2013 19 19 19 19 318% 1.00(0.91,1.10 '
Tseng 2005 17 40 21 40 343% 081(051,1.29) e
Vergouwen 2009 9 15 " 16 180%  082(047,141] —er
Total (95% C1) 94 95 100.0%  0.94(0.77,1.16] 4
Total events 57 61

"= =3(P= Pz

Heterogeneity Chi*= 3.04,df=3 (P=039),F=1% 005 02 : 20

Testfor overall effect Z= 0.55 (P = 0.58) Favours [statins] Favours [placebo)

Efficacy of statins-use in the prevention of poor neurological outcome

Subgroup meta-analysis Outcomes. According to the solubility in
lipids or water, statins are classified as lipophilic statins and
hydrophilic statins. Lipophilic statins (simvastatin) cross the
blood-brain barrier and penetrate cell membranes more effectively
and may be more efficient theoretically in the treatment of
intracranial diseases than the hydrophilic statins (pravastatin). In
addition, the dose of simvastatin in the included trials was 80 mg/
d, while the dose of pravastatin in the included study was 40 mg/d. It
may enhance the potential clinical heterogeneity if the trials using
simvastatin and the study using pravastatin were pooled together in
the meta-analysis. Thus, we further conducted the subgroup meta-
analysis. Outcomes from simvastatin or pravastatin are shown in
Table 3. According to meta-analysis from simvastatin, the
incidence of mortality was significantly reduced in simvastatin-use
group, whereas the occurrence of vasospasm, DIND and poor
neurological outcome was not materially changed between
simvastatin-use group and placebo-use group. Based on the RCT

stauns placebo Risk Ratio Risk Ratio
Study or Subaroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl 1LH, Fixed, 95% C1
Chou 2008 719 10 20 280% 0.74(0.35154) —e
Grag 2013 5 19 8 18 230%  063(0.25157] —e=
Tseng 2005 2 40 12 40 345% 017(004,070) — &
Vergouwen 2009 6 16 5 16 144%  1.20(0.46,3.15] —l—
Total (95% CI) 94 95 100.0%  0.58(0.37,0.92) <>
Total events 20 35
Heterogeneity Chi*= 553, df= 3 (P = 0.14), F= 46% 005 0‘2 H 2‘0

Test for overall effect Z= 231 (P=0.02) Favours [statins] Favours [placebo)]

Efficacy of statins-use in the prevention of DIND

statins placebo Risk Ratio Risk Ratio

St u vents T vents Total W\ it M.H. Fi 95%Cl M-H, Fixed, 95% C|
Chou 2008 0o 19 3 20 131% 015[001,272 ¥ —
Grag 2013 119 319 115%  033(0.04,293) |
Lynch 2005 0 19 320 131%  015(001,272)
Macedo 2009 2 N 6 10 241%  030(008,1.17) —
Tseng 2005 2 40 8 40 306%  025(0.06,1.11) ——
Vergouwen 2009 2 16 2 16 77%  1.00(0.16,6.25) e E—
Total (95% CI) 124 125 100.0% 030 (0.14,0.64) ->
Total events 7 25

. S a i i .
Heterogeneity Chi*= 215, df= 5 (P = 083),F=0% 001 o1 10 100

Test for overall effect Z= 315 (P = 0.002) Favours [statins] Favours [placebo)

Efficacy of statins-use in the prevention of mortality

statins placebo Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M.H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chou 2008 119 120 283% 105[007,1566] i
Grag 2013 2 19 119 290% 200(0.20,20.24] S
Lynch 2005 3 19 120 283% 316(0.36,27.78) S s a—
Vergouwen 2009 2 18 0 16 145% 500[026,96.59) —
Total (95% CI) 73 75 100.0%  2.49[0.75,8.33] 1
i
Total events
Heterogeneity. Chi*= 0.68, df= 3 (P =0.88), 7= 0% =um D" 1‘0 wn’

Test for overall effect Z=1.49 (P=0.14)
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Potential side effects of statins-use

Figure 3 | Efficacy of statins-use in the prevention of vasospasm, DIND, poor neurological outcome and mortality, and the potential side effects of

statins. DNID: delayed ischemic neurological deficit.
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Table 2 | Sensitivity analysis based on various criteria for vasospasm

P Value for
outcome No. patients  No.RCTs statins placebo RR (95%Cl) 12 Heterogeneity
All trigls”-8.14-16:23 249 6 510f124 680f125 0.80(0.54-1.17) 49% 0.08
Trials with simvastatin-use”-14-16:23 169 5 34 0of 84 43 of 85 0.81(0.49-1.35) 53% 0.08
Trials with pravastatin-use® 80 1 17 of 40 25 of 40 0.68 (0.44-1.05) - -
Full text trials”-814-16 228 5 500f113 640f115 0.84(0.58-1.21) 48% 0.1
Only TCD vasospasm* 71415 110 3 30 0f 54 33 of 56 0.95(0.54-1.66)  64% 0.06
Quality of trials withouthigh risk”814-1¢ 228 5 500f113 640f115 0.84(0.58-1.21) 48% 0.1
statins treatment for 14 days”®15:1¢ 189 4 37 of 94 53 0f 95 0.74(0.49-1.12)  42% 0.16
*in RCT of Chou 2005, 10 patients in statins group and 13 patients in placebo group developed TCD vasospasm.
RCTs: randomized controlled trials; RR: risk ratio; TCD: transcranial doppler.

using pravastatin, pravastatin-use could prevent the occurrence of
DIND, while no difference was found for vasospasm, mortality and
poor neurological outcome between patients with pravastatin-use
and patients without pravastatin-use.

Publication Bias. Publication bias was assessed by funnel plot, but
the weak power with only six studies limited the interpretability of
the finding.

Discussion

The results from previous meta-analyses remain controversial.
Sillberg et al.'® supported all the benefits of statins-use in patients
with aSAH from three RCTs. Tseng et al.'” reported that the benefit
of statins was the reduced DIND from six RCTs, which was consist-
ent with Kramer et al*® from four RCT's and two “pseudo” RCTs.
Nevertheless, Kramer et al.*® concluded that statins-use was not
associated with any reduction in vasospasm, DIND, poor outcome
and mortality from four RCTs, two “pseudo” RCTs, five cohort
studies and one case-control study, which was also observed by
Vergouwen et al.*' from four RCTs. To our knowledge, RCTs are
the preferred study design to assess the efficacy of treatment, since
the process of randomization ensures that confounders are balanced
between different treatment groups. Restricting meta-analysis only
to RCT's would be more appropriate to speculate the effects of treat-
ment. At present, there are a new published RCT with respect to
statins-use. Given the consideration of the above circumstances
and no published large sample size, multicenter RCT of statins-
use, it might be a deserved choice for us to further investigate the
efficacy and safety of statins-use in patients with aSAH under the
current RCTs.

In our study, owing to the inconsistent definitions of vasospasm in
the six studies, moderate heterogeneity was presented in the meta-
analysis of the incidence of vasospasm. Therefore, we chose random-
effects model for this analysis. We found statins-use could not
significantly affect the incidence of vasospasm in patients with
aSAH. Exclusion of any single study, subgroup meta-analysis and
sensitivity analysis based on various conditions did not materially
alter the pooled results, which might make our finding reliable. For
poor neurological outcome, the results from overall meta-analysis
and subgroup meta-analysis consistently indicated that statins-use
was not associated with the reduction of poor neurological outcome.
Furthermore, Our meta-analysis showed that statins-use signifi-
cantly decreased the occurrence of DIND. Although no substantial
heterogeneity was found in the meta-analysis of the occurrence of
DIND, subgroup meta-analysis demonstrated different result that
DIND could not be decreased in simvastatin-use patients. Because
we only acquired the data of vasospasm-related DIND, which was
defined as the DIND associated with severe vasospasm on TCD in
the pravastatin-use RCT?, and these was not the accurate data of
overall DIND, thus, we should be very cautious to this result. In
our opinion, we tended to believe the meta-analysis result from the
simvastatin-use RCTs.

Interestingly, our important finding was that statins-use could
prevent the occurrence of mortality although it could not signifi-
cantly ameliorate cerebrovascular events caused by aSAH. To the
best of our knowledge, firstly, in a Finnish prospective cohort study**
and in the International Subarachnoid Aneurysm Trial®, cerebro-
vascular diseases other than recurrent SAH and cardiovascular
diseases were important causes of death, indicating that the increased
mortality after SAH was caused by other vascular diseases. In

Table 3 | Subgroup meta-analysis outcomes

Outcomes No. patients  No.RCTs statins placebo RR (95%Cl) 2 P Value for Heterogeneity
Vasospasm

Simvastatin”-14-16:23 169 5 340f84 43 of 85 0.81(0.49-1.35) 53% 0.08
Pravastatin® 80 1 17 of 40 25 of 40 0.68 (0.44-1.05) — —
DIND

Simvastatin'4-1® 109 3 18 of 54 23 of 55 0.80 (0.49-1.30) 0% 0.6
Pravastatin® 80 1 2 of 40 12 of 40 0.17 (0.04-0.70) — -
Poor neurological outcome

Simvastatin'4-1® 109 3 40 of 54 40 of 55 1.01 (0.82-1.25) 0% 0.53
Pravastatin® 80 1 17 of 40 21 of 40 0.81(0.51-1.29) — -
Mortality

Simvastatin”14-16.23 169 5 50of 84 17 of 85 0.33(0.14-0.77) 0% 0.74
Pravastatin® 80 1 2 of 40 8 of 40 0.25(0.06-1.11) — -
Potential side effects

Simvastatin” 1416 148 4 80of 73 30f75 2.49 (0.75-8.33) 0% 0.88
Pravastatin® — — — — — —
RCTs: randomized controlled trials; DIND: delayed ischemic neurological deficit; RR: risk ratio.
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addition, patients with SAH may have an increased risk of cardio-
vascular events because of shared risk factors*. Furthermore, SAH-
associated myocardial injury was found by Nguyen et al”” from
Aneurysm Surgery Trial. Lastly, in an autopsy study®, SAH
accounted for 15.7% cases of the cardiovascular related deaths.
Thus, we speculated that the direct cause of death in some SAH
patients was not intracranial pathologies (vasospasm, DIND, poor
neurological outcome, etc.) but cardiovascular events. However, sta-
tins-use could significantly decrease the cardiovascular mortality®>*.
Therefore, this might be the reason why statins-use could prevent the
occurrence of mortality although it could not significantly ameliorate
cerebrovascular events caused by aSAH in patients with aSAH.

There are some potential limitations in our present meta-analysis
study. Firstly, so far, published RCTs regarding statins-use for
patients with aSAH were all small sample size. Hence, the number
of pooled patients in the meta-analysis is only 249. There is a greater
chance that the baseline characteristics will be unbalanced between
two groups. Second, the RCT with only abstract included in our study
presented the high risk in the blinding of participants and blinding of
outcome assessment. Finally, substantial differences in the study
design among RCTs, including important differences in the treat-
ment and outcome evaluation, could not be actually avoided in the
present meta-analysis.

In conclusion, statin-use in the patients with aSAH, which might
not be associated with the reduction in the incidence of vasospasm
and poor neurological outcome, may reduce the occurrence of DIND
and mortality. Furthermore, drug-induced hepatitis or myositis
might not be the potential side effects of statins. Owing to the varia-
tions in methodology of included RCTs and small sample size, we
should be very cautious to treat the results, which should be con-
firmed in the ongoing multicenter, double-blind RCT(Simvastatin in
Aneurysmal Subarachnoid Haemorrhage; http://www. stashtrial.
com/home html). In our opinion, although statins-use in the patients
with aSAH should not be considered standard care at present, sta-
tins-use may have the potential effects in the prevention of mortality
in patients with aSAH. Moreover, cardiovascular risk assessment and
subgroup analysis of cardiovascular death might be a deserved choice
in the future study regarding statins-use in patients with aSAH.

Methods

Search Strategy and inclusion criteria. PubMed, EMBASE and three Chinese
databases (SinoMed, CNKI and VIP) were searched for relevant articles published up
to February, 2014. Search terms included “simvastatin”, “pravastatin”, “statin”,
“statins” and “aneurysmal subarachnoid hemorrhage”, “aneurysmal subarachnoid
haemorrhage” and “random”, “random*”. Furthermore, citations in the retrieved
articles were reviewed to search for additional relevant studies. All studies included
into this meta-analysis must meet the following criteria: (i) patients with aSAH; (ii)
statins compared with placebo agent; (iii) randomized controlled trials. Duplicated

studies, review, editorial and comment were excluded.

Data Extraction and Outcome Measures. Two authors(Y.-F.W and W .X)
independently extracted the following data: first author, year of publication, number
of patients, patients’ characteristics, study design, statins group, placebo group,
definitions of vasospasm, DIND, poor neurological outcome, mortality, potential side
effects, and other outcomes data. Extracted data were checked by another author
(J.H). Any disagreements were resolved by discussion and consensus.

Outcomes were the incidence of vasospasm, DIND, poor neurological outcome,
mortality and potential side effects. Vasospasm included transcranial doppler(TCD)
vasospasm and angiographic vasospasm. DIND was defined as clinical symptoms,
TCD or angiographic results and signs of new ischemic neurologic deficits (not
attributable to be due to hydrocephalus, clip-induced infarct, metabolic derangement,
infection or rebleed). Poor neurological outcome was evaluated by Modified Rankin
Scale (MRS) of 3-6 points and Glasgow Outcome Scale (GOS) of 1-4 points at the end
of blinded follow-up period*"*"*?, which was either at discharge or 6 months after
SAH. Serum alanine aminotransferase(ALT)/aspartate aminotransferase(AST) and
creatine kinase(CK)/creatine phosphokinase (CPK) > 3-fold times the normal (ALT/
AST > 180 U/L, CK/CPK > 1000 U/L) were regarded as potential side effects, which
indicated the drug-induced hepatitis or myositis.

Quality Assessment. Cochrane risk of bias assessment™ was used to evaluated the
methodologic quality of each trial. This scale consists of seven items including
random sequence generation, allocation concealment, blinding of participants and

personnel, blinding of outcome assessment, incomplete outcome data, selective
reporting and other bias, each of which could be divided as low risk, high risk and
unclear risk. Each RCT was evaluated independently by two authors(S.-H.Sand F. Y).
Any disagreements were resolved by consensus between all the authors.

Statistical Analysis. We performed meta-analysis using Cochrane RevMan (version
5.1) software. Differences were expressed as relative risk (RR) with 95% confidence
interval(CI) for dichotomous outcomes. Heterogeneity for each pooled summary was
estimated using Cochran’s Q statistic and the I” statistic. Substantial heterogeneity
will be considered to exist with I* > 50% or Chi square test P < 0.1. Meta-analysis was
performed via fixed-effects model if there was no evidence of statistical heterogeneity.
The random-effects model was employed to pool studies when statistical
heterogeneity occurred. Meanwhile, we further conducted sensitivity analyses to
explore possible explanations for heterogeneity and to examine the influence of
various inconsistent criteria on the overall pooled estimate. We also investigated the
influence of a single study on the overall pooled estimate by omitting one study in
each turn. Publication bias was tested by a funnel plot.
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