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Object. To investigate effects of programmed cell death-1 (PD-1) related blockade in sepsis animals. Methods. Two reviewers
independently searched electronic databases including PubMed, EMBASE, and the Cochrane Library up to February 2017. Strict
literature retrieval and data extraction were performed to extract relevant data. Data analysis was conducted using RevMan 5.3
software and Stata version 12.0. And relative risks (RRs) for survival rate were calculated. A fixed-effect model was selected to pool
and a forest plot was used to display RRs. Results. Four studies involving 394 animals were finally included. Nine control groups
are used to pool. A fixed-effect model was applied to estimate a pooled RR of 2.19 (95% CI: 1.74–2.76), indicating that PD-1 related
blockade increased survival rate in sepsis animals. Conclusion. We concluded that PD-1 related blockade can improve survival of
animals with sepsis. But robust standardized clinical experiments for sepsis patients are highly desirable.

1. Introduction

Sepsis is a complication caused by a disorder of host response
to infection. Septic shock is a serious disease characterized
by circulatory and cellular/metabolic dysfunction which is
associated with a higher risk of mortality [1]. Not only is
sepsis an important health and economic issue worldwide,
but it is also a condition that is associated with morbidity
and mortality in many hospitals. Moreover, the quality of
life for the survivors of sepsis is impaired [2]. Over the
past few decades, although antibiotics and fluid resuscitation
have been used to counter sepsis widely, it remains the third
most common disease that results in death in the United
States [3] and there is an urgent need to develop novel
therapies to treat sepsis [4]. Evidence from previous studies
has indicated that, after the initial proinflammatory phase,
sepsis is assumed to be severe immunosuppression, which is
an important cause of deterioration in patients [5]. Several
immunopathologic mechanisms have been reported to be
involved in sepsis-induced immune alterations affecting both
innate and adaptive immunities [6]. Therefore, inhibiting

these immunopathologic alterations is widely considered a
key step for the treatment of sepsis.

Programmed cell death-1 (PD-1) is expressed on activated
T cells, natural killer cells, andB cells [7]. Programmeddeath-
ligand 1 (PD-L1) is broadly expressed on hematopoietic and
nonhematopoietic cells [8].The expression of PD-1 on T cells
and that of PD-L1 on monocytes were increased in patients
with septic shock, and the PD-1/PD-L1 pathway might play
an important role in sepsis-induced immunosuppression [9].
ThePD-1/PD-L1 pathway inhibits T-cell activation, tolerance,
and immunopathology. Moreover, Andriani et al. [10] have
reported that defects in the immune function of patients with
sepsis are associated with high PD-1 or PD-L1 expression and
can be restored by treatment with antibodies targeting PD-1
or PD-L1.

Although several studies have explored the association
between PD-1/PD-L1 expression and survival rate of patients
with sepsis, few studies have explored the relationship
between PD-1-related blockade and the survival rate of
patients with sepsis because of medical ethics guidelines.
Thus far, research of the effects of PD-1/PD-L1 blockade
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on sepsis survival has been limited to animal studies. In
addition, although most previous reports focused on the
effects of PD-1-related blockade in increasing the survival
in animals with sepsis, there was no meta-analysis describ-
ing their effects. Thus, we performed a meta-analysis to
assess the association between PD-1-related blockade and
the survival rate in animals with sepsis. Our study aimed to
shed new light on precise effects of the estimated treatment
on the human trials, reduce the risk of false results [11],
and provide a better understanding of the anti-PD-1/PD-L1
system.

2. Methods

2.1. Literature Search. To identify relevant studies published
up to February 2017, we searched PubMed, EMBASE, and
the Cochrane Library. The following combination of terms
(“programmed cell death 1 blockade” or “PD-1 blockade” or
“anti PD-1” or “programmed cell death-1 ligand blockade” or
“anti PD- L1”) AND (“sepsis” or “septic shock” or “pyemia”
or “septicemia”) were used.

2.2. Inclusion and Exclusion Criteria. The inclusion and
exclusion criteria were designed based on the Cochrane
handbook for systematic review of interventions (Version
5.3). The inclusion criteria were as follows: (1) evaluation of
the association between PD-1 related blockade and survival
rate in animals with sepsis; (2) independent randomized-
controlled studies; (3) availability of full paper or acquiring
it from the author; (4) selecting the most recent studies from
the same author or institution; (5) manuscripts that were
published in English.

We excluded studies if (1) enough data for pooling
or additional data by contacting authors twice were not
obtained; (2) the manuscripts comprised case reports, re-
views, comments, abstracts, and editorials and clinical trials;
(3) they were duplicate publications.

2.3. Data Collection Process. (1) Two reviewers (ZQ and QZJ)
independently extracted relevant data, including study and
animal features and outcomes from the key words, titles,
abstracts, and full articles. When necessary, they compared
the results, arrived at the same opinions, and solved disagree-
ments by discussion with a third reviewer (LCS).

(2) Data pertaining to the dose and time of drug admin-
istration, animal age, country, and year of publication were
used, including the number of cases in each group, results of
the study, and related outcome, were extracted. If the survival
outcomes were presented from the studies on animals at
different time points, data for the last time point prior to the
end of experiment were extracted

2.4. Quality Assessment. Due to the lack of tools for assessing
the quality of randomized controlled trial (RCT) animal
experiments, Peters’ [12] system/meta-analysis report quality
standards and literature evaluation sheet [13] were adopted.
Based on CAMARADES (Collaborative Approach to Meta-
Analysis and Review of Animal Data from Experimental
Stroke), the lists were revised.

Study quality was evaluated for each publication using
a modified 10-point checklist (Amarasingh et al., 2009)
with one point allocated to each reported item: (1) peer
reviewed publication, (2) sample size calculation, (3) random
allocation to groups, (4) blinded assessment of outcome, (5)
compliance with animal welfare regulations, (6) statement of
potential conflicts of interest, (7) statement of control of tem-
perature, (8) blinded application of PD-1 related blockade,
(9) reported number of animals in whom the xenograft did
not grow, and (10) presentation of evidence that acts directly
against PD-1 related blockade.

2.5. Statistical Analysis. Review Manager 5.3 software was
used to analyze data.Wepooled data using relative risks (RRs)
for continuous outcomeswith corresponding 95% confidence
intervals (95% CIs) to compare the differences. A fixed-effect
model was selected if I2 was ≤ 50%. A random-effects model
was selected if I2 > 50%. We performed subgroup analysis
to identify the sources of heterogeneity. A sensitivity analysis
was performed using Stata version 12.0 to identify influence
of an individual study on the pooled RR. Publication bias was
assessed using a funnel plot and Egger’s test.

3. Results

3.1. Study Selection. A total of 80 studies were retrieved.
Among these studies, 19 were duplicated and 57 of them were
found to be unrelated to our study. Therefore, 4 studies [14–
17] involving 394mice were finally included in this study.The
flow of article selection is shown in Figure 1.

Characteristics of the included studies are described in
Table 1. All included studies used mice as the experimental
animals and were published between 2010 and 2017. All the
included studies used the cecal ligation and puncture (CLP)
model of sepsis, and anti-PD-1 or anti-PD-L1 treatment was
administered to mice at different time points. Zhang et al.
[17] studied the effects of anti-PD-L1 by administration of
the drug at two different time points, and isotype group and
saline groups were selected as the control. In Brahmamdam’s
study [15], the experimental group was compared with the
isotype and saline groups. Chang et al. [14] studied the effects
of anti-PD-1 and anti-PD-L1 in sepsis models. Shindo et al.
[16] and Zhang et al. [17] developed two-hit sepsis model
of CLP because it reflected the impaired immune status of
patients. Shindo et al. [16] explored the effects of anti-PD-L1
peptide (compound 8). Overall, nine groups were included in
our analysis.

3.2. Quality Assessment. The overviews of the quality assess-
ments of the four studies are shown in Table 2.

3.3. Meta-Analysis. All the included studies were used to
estimate the effects of PD-1 related blockade on survival of
animals with sepsis (Figure 2). There was no heterogeneity
across the studies (Q = 4.42, df = 8, P = 0.82, and I2 = 0.0%).
A fixed-effect model was applied to estimate a pooled RR.The
result showed that blockade of PD-1/PD-L1 was associated
with high survival rate (RR: 2.19; 95% CI: 1.74–2.76) in
animals with sepsis.
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Figure 1: The flow of article selection.
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Figure 2: Forest of pooling effects of PD-1 related blockade in mice with sepsis.

A funnel plot (Figure 3) and Egger’s test were used to
assess the publication bias towards all the included studies.
The funnel plot was unasymmetric, which demonstrated
that there was no publication bias. Egger’s test revealed no
evidence of significant publication bias (P = 0.023).

A sensitivity analysis (Figure 4)) was performed by
excluding a single study each time.However, it did not change
the outcome statistically.

Subgroup analysis (Table 3) was explored according to
dose, drug, and administration time, but there was no
difference between subgroups.

4. Discussion

Meta-analysis offers more significant evidence for clinical
decision.Thus, this meta-analysis was conducted to assess the
effects of PD-1 related blockade on survival in animal models
of sepsis. Ourmajor findingwas that both anti-PD-1 and anti-
PD-L1 have an increasing effect on the survival of mice with
sepsis. This finding is based on a comprehensive systematic
review, which included studies of over 394 mice. Moreover,
because of medical ethics and other therapeutic methods,
human studies remain difficult to conduct. Thus our results
provide a good basis for further clinical research.
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Table 2: Quality assessment of included studies.

Study/author 1 2 3 4 5 6 7 8 9 10 score
Brahmamdam et al. + - + - + - - - - - 3
Zhang et al. + - - - + + - - - - 3
Chang et al. + - - - + - - - - - 2
Shindo et al. + - - - + + - - - - 3

Table 3: Subgroup results of PD-1 related blockade on survival in animals with sepsis.

Subgroup
basis

Group
type

Included
studies (n) p-value RR (95%CI) I2 Subgroup

difference

Dose 200 ug 4 0.94 1.97 (1.51-2.56) 0 P=0.14
50 ug 4 0.43 3.26 (1.75-6.08) 0

Drug Anti-PD-1 3 0.83 2.02 (1.43-2.82) 0 P=0.56
Anti-PD-L1 6 0.54 2.31 (1.70-3.14) 0

Administration time <48h 8 0.73 2.23 (1.74-2.81) 0 P=0.69
>48h 1 0.03 1.96 (1.08-3.54) 0

0.01 0.1 1 10 100

RR

SE(log[RR])

0.8

0.6

0.4

0.2

0

1

Figure 3: A funnel plot of effects of PD-1 related blockade in mice
with sepsis.

The variability in rats is far lower than that in patients.
Furthermore, due to the strictly controlled experimental
conditions, the results obtained in animal research are highly
homogeneous, and the experimental procedures are highly
repeatable. This may be the reason for the lack of heterogene-
ity in our meta-analysis.

PD-1 and its ligands PD- L1 are expressed not only on acti-
vated immune cells but also on several nonimmune tissues.
Nishimura et al. [18] and Waterhouse et al. [19] found that
deficiency of negative regulatory molecules results in severe
hyperinflammatory and autoimmune diseases. Huang et al.
found that PD-1 not only may be a marker of the developing
of macrophages/monocytes dysfunction during sepsis but
may also be a potential therapeutic target for designing
measures to modulate the innate immune response, thereby
preventing the detrimental effects of sepsis [20]. Shao et al.
[21] found that PD-L1 expression on monocyte after 3–4 days
of sepsis is associated with risk stratification and mortality
in patients with sepsis. Identification of the importance
of the immunosuppressive phase of sepsis has resulted in
studies on various immune-adjuvants that could boost host

immunity and improve the outcome [22]. Anti-PD-1 and
anti-PD-L1 have led to a remarkable improvement in survival
of patients with cancer [23, 24], a disease which shares
several immunosuppressive mechanisms with sepsis. This
prompted researchers to evaluate the effect of the blockade
of the PD-1/PD-L1 pathway on sepsis [25]. Similarly, severe
sepsis is associated with enhanced expression of the negative
regulatory molecules, suggesting a novel approach to reverse
immunoparalysis in sepsis. Brahmamdam et al. [15] reported
that anti-PD-1 antibody could prevent the reduction of
lymphocytes and dendritic cells in a mouse model of sepsis.
Zhang et al. [17] showed that administration of anti-PD-
L1 antibodies in mice suffering from sepsis could reduce
the apoptosis of lymphocytes. Chang et al. [14] detected
IFN-𝛾 production and MHC II expression after anti-PD-
1 administration and found that PD-1/PD-L1 blockade can
improve immune cell functions. Overall, PD-1/PD-L1 path-
way may play key roles in triggering the immunosuppression
in patients with sepsis, and PD-1/PD-L1 blockade might
promote the recovery of immune cell functions and increase
ability of microbial clearance. Consequently, we concluded
that blockade of PD-1/PD-L1 appears to improve survival in
animal models of sepsis. However, robust standardized clini-
cal experiments on patients with sepsis are highly desirable.

We could not include studies, such as that of Bergerat
[26], who found that anti PD-L1 treatment 6h after CLP did
not improve survival in mouse model, as it was a conference
abstract. Among the included studies in our study, Zhang
et al. [17] concluded that anti PD-L1treatment 3h after CLP
could improve survival in a mouse model. The present study
demonstrated that, among PD-1-related molecules, only PD-
L1 expression on monocyte after 3–4 days of sepsis was
valuable for the risk stratification of patients with sepsis
[21]. This may be because the immunosuppression phase is
characterized at days 3–4 after the onset of sepsis. Thus,
several clinical studies on the role of early blockade of PD-
1-related molecules (at days 1–2) in improving survival of
patients with sepsis are urgently needed.
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Figure 4: A sensitivity analysis of effects of PD-1 related blockade in mice with sepsis.

4.1. Sample Size. The preclinical experiment should include
enough data to detect a treatment effect if such an effect
truly exists. However, studies included in our analysis were of
inadequate size. Trials with small sizes often have the risk of
overestimation of intervention benefits [27]. Overestimated
studies are much less prevalent [28]. In addition, the sample
size should be calculated before the initiation of the study
with a formal calculation, of which the fundamental ele-
ments of statistical significance, such as effect size, power,
and standard deviation of the measurements, have been
made clear in numerous articles [29]. In addition, PD-
1/PD-L1 blockade therapy-associated adverse events, such as
diarrhea, pneumonitis, and diabetes, should be considered
[30].

4.2. Strengths and Limitations ofThisMeta-Analysis. In recent
years, increasing studies such as those of Liu et al. [31]
and Sherwood et al. [4] have demonstrated that PD-1/PD-
L1 blockade could be used to treat sepsis. However, their
studies focused on the mechanism of action. There are sev-
eral strengths of this meta-analysis. First, our meta-analysis
was performed according to the recommendations given in
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement protocol [32].Three electronic
databases were searched according to the Cochrane Col-
laboration. The screening of eligible studies, assessment of
methodological quality, and data extraction were conducted
independently. Second, we included only RCTs in our review
to minimize potential bias and a large number of studies
were used to address this question. Meanwhile, there was no
significant heterogeneity among the included studies. Third,
several subgroup analyses were explored according to dose,
drug, and administration time, and sensitivity analyses were
also performed to verify the robustness of our results.

There were some limitations in our study: (1) our sample
size does not have sufficient statistical power; (2) after the

initial screening and subsequent application of exclusion
criteria, only four articles were included for the meta-
analysis, although we searched several databases. This, in
turn, might not allow for us to draw reliable conclusions;
(3) the methodological quality of the included studies was
generally low, which is an inherent limitation. This may
result in an overestimation of effect size [33]; (4) information
pertaining to the environment in which themice were treated
was not described, making it impossible to assess the effect of
this potentially important factorwith regard to implementing
a control; (5) we also did not explore more specific mech-
anisms underlying the protective role of the PD -1-related
blockade in mice with sepsis; (6) the included studies showed
different treatment time window of the blockade of PD-
1/PD-L1 pathway, whichmay be better for good experimental
results but may be difficult to be some indications for clinical
research. However, to our knowledge, this is the first meta-
analysis to estimate the effects of the PD-1-related blockade
in sepsis, which might be informative for future clinical
experiments.

5. Conclusion

Blockade of PD-1/PD-L1 appears to improve the survival in
animals with sepsis. Large randomized clinical trials testing
the effect of PD-1/PD-L1 blockade in patients with sepsis are
warranted.

Data Availability

All data during the current study are available for consulta-
tion and for the public, upon request to the corresponding
author.



BioMed Research International 7

Conflicts of Interest

All the authors declare that there are no actual or potential
conflicts of interest, including any financial, personal, or
other relationships.

References

[1] M. Singer, C. S. Deutschman, C. W. Seymour et al., “The third
international consensus definitions for sepsis and septic shock
(Sepsis-3),”The Journal of the AmericanMedical Association, vol.
315, no. 8, pp. 801–810, 2016.

[2] R. Huo, L. Wang, X. Wang et al., “Removal of regulatory T
cells prevents secondary chronic infection but increases the
mortality of subsequent sub-acute infection in sepsis mice,”
Oncotarget , vol. 7, no. 10, pp. 10962–10975, 2016.

[3] C.W. Seymour, T. J. Iwashyna, C. R. Cooke, C. L. Hough, andG.
S. Martin, “Marital status and the epidemiology and outcomes
of sepsis,” CHEST, vol. 137, no. 6, pp. 1289–1296, 2010.

[4] N. K. Patil, J. K. Bohannon, and E. R. Sherwood, “Immunother-
apy: A promising approach to reverse sepsis-induced immuno-
suppression,” Pharmacological Research, vol. 111, pp. 688–702,
2016.

[5] J. S. Boomer, K. To, K. C. Chang et al., “Immunosuppression in
patients who die of sepsis and multiple organ failure,” Journal
of the American Medical Association, vol. 306, no. 23, pp. 2594–
2605, 2011.

[6] G. Monneret, M. Gossez, and F. Venet, “Sepsis in PD-1 light,”
Critical Care, vol. 20, no. 1, article no. 186, 2016.

[7] Y. Agata, A. Kawasaki, H. Nishimura et al., “Expression of
the PD-1 antigen on the surface of stimulated mouse T and B
lymphocytes,” International Immunology, vol. 8, no. 5, pp. 765–
772, 1996.

[8] A. H. Sharpe, E. J. Wherry, R. Ahmed, and G. J. Freeman,
“The function of programmed cell death 1 and its ligands in
regulating autoimmunity and infection,” Nature Immunology,
vol. 8, no. 3, pp. 239–245, 2007.

[9] Y. Zhang, J. Li, J. Lou et al., “Upregulation of programmed
death-1 on T cells and programmed death ligand-1 on mono-
cytes in septic shock patients,”Critical Care, vol. 15, no. 1, article
R70, 2011.

[10] A. C. Patera, A. M. Drewry, K. Chang, E. R. Beiter, D. Osborne,
and R. S. Hotchkiss, “Frontline science: Defects in immune
function in patients with sepsis are associatedwith PD-1 or PD-
L1 expression and can be restored by antibodies targeting PD-1
or PD-L1,” Journal of Leukocyte Biology, vol. 100, no. 6, pp. 1239–
1254, 2016.

[11] P. Pound, S. Ebrahim, P. Sandercock, M. B. Bracken, and I.
Roberts, “Where is the evidence that animal research benefits
humans?” British Medical Journal, vol. 328, no. 7438, pp. 514–
517, 2004.

[12] J. L. Peters, A. J. Sutton, D. R. Jones, L. Rushton, and K. R.
Abrams, “A systematic review of systematic reviews and meta-
analyses of animal experiments with guidelines for reporting,”
Journal of Environmental Science and Health, Part B: Pesticides,
Food Contaminants, and Agricultural Wastes, vol. 41, no. 7, pp.
1245–1258, 2006.

[13] N. A. Crossley, E. Sena, J. Goehler et al., “Empirical evidence
of bias in the design of experimental stroke studies: a metaepi-
demiologic approach,” Stroke, vol. 39, no. 3, pp. 929–934, 2008.

[14] K. C. Chang, C.-A. Burnham, S. M. Compton et al., “Blockade
ofthe negative co-stimulatory molecules PD-1 and CTLA-4

improves survival in primary and secondary fungal sepsis,”
Critical Care, vol. 17, no. 3, article R85, 2013.

[15] P. Brahmamdam, S. Inoue, J. Unsinger, K. C. Chang, J. E.
McDunn, and R. S. Hotchkiss, “Delayed administration of anti-
PD-1 antibody reverses immune dysfunction and improves
survival during sepsis,” Journal of Leukocyte Biology, vol. 88, no.
2, pp. 233–240, 2010.

[16] Y. Shindo, J. S. McDonough, K. C. Chang, M. Ramachandra,
P. G. Sasikumar, and R. S. Hotchkiss, “Anti-PD-L1 peptide
improves survival in sepsis,” Journal of Surgical Research, vol.
208, pp. 33–39, 2017.

[17] Y. Zhang, Y. Zhou, J. Lou et al., “PD-L1 blockade improves sur-
vival in experimental sepsis by inhibiting lymphocyte apoptosis
and reversing monocyte dysfunction,” Critical Care, vol. 14, no.
6, article R220, 2010.

[18] H. Nishimura, M. Nose, H. Hiai, N. Minato, and T. Honjo,
“Developmentof lupus-like autoimmunediseases by disruption
of the PD-1 gene encoding an ITIMmotif-carrying immunore-
ceptor,” Immunity, vol. 11, no. 2, pp. 141–151, 1999.

[19] P.Waterhouse, J. M. Penninger, E. Timms et al., “Lymphoprolif-
erative disorders with early lethality in mice deficient in Ctla-4,”
Science, vol. 270, no. 5238, pp. 985–988, 1995.

[20] X. Huang, F. Venet, Y. L. Wang et al., “PD-1 expression by
macrophages plays a pathologic role in altering microbial
clearance and the innate inflammatory response to sepsis,”
Proceedings of the National Acadamy of Sciences of the United
States of America, vol. 106, no. 15, pp. 6303–6308, 2009.

[21] R. Shao, Y. Fang, H. Yu, L. Zhao, Z. Jiang, and C.-S. Li,
“Monocyte programmed death ligand-1 expression after 3-4
days of sepsis is associated with risk stratification andmortality
in septic patients: A prospective cohort study,”Critical Care, vol.
20, no. 1, article no. 124, 2016.

[22] R. S. Hotchkiss, G. Monneret, and D. Payen, “Sepsis-induced
immunosuppression: from cellular dysfunctions to immuno-
therapy,” Nature Reviews Immunology, vol. 13, no. 12, pp. 862–
874, 2013.

[23] J. R. Brahmer, S. S. Tykodi, L. Q. M. Chow et al., “Safety
and activity of anti-PD-L1 antibody in patients with advanced
cancer,”The New England Journal of Medicine, vol. 366, no. 26,
pp. 2455–2465, 2012.

[24] S. S. Taneja, “Re: Safety and Activity of Anti-PD-L1 Antibody
in Patients with Advanced Cancer,”The Journal of Urology, vol.
188, no. 6, pp. 2148-2149, 2012.

[25] R. S. Hotchkiss, G. Monneret, and D. Payen, “Immunosuppres-
sion in sepsis: a novel understanding of the disorder and a new
therapeutic approach,”TheLancet InfectiousDiseases, vol. 13, no.
3, pp. 260–268, 2013.

[26] A. Bergerat and C. Valentine, “Early blockade of PD-L1
increases mortality in sepsis,” Shock, vol. 45, no. 6, article 109,
2016.

[27] L. L. Kjaergard, J. Villumsen, and C. Gluud, “Reportedmethod-
ologic quality and discrepancies between large and small ran-
domized trials in meta-analyses,” Annals of Internal Medicine,
vol. 135, no. 11, pp. 982–989, 2001.

[28] N. Cook, D. I. Jodrell, and D. A. Tuveson, “Predictive in vivo
animalmodels and translation to clinical trials,”Drug Discovery
Therapy, vol. 17, no. 5-6, pp. 253–260, 2012.

[29] M. J. Campbell, S. A. Julious, and D. G. Altman, “Estimating
sample sizes for binary, ordered categorical, and continuous
outcomes in two group comparisons,” BMJ, vol. 311, no. 7013,
pp. 1145–1148, 1995.



8 BioMed Research International

[30] M. Rao, D. Valentini, E. Dodoo, A. Zumla, and M. Maeurer,
“Anti-PD-1/PD-L1 therapy for infectiousdiseases: learning from
the cancer paradigm,” International Journal of Infectious Dis-
eases, vol. 56, pp. 221–228, 2017.

[31] Q. Liu and C.-S. Li, “Programmed cell death-1/programmed
death-ligand 1 pathway: A new target for sepsis,” Chinese
Medical Journal, vol. 130, no. 8, pp. 986–992, 2017.

[32] K. Knobloch, U. Yoon, and P. M. Vogt, “Preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
statement and publication bias,” Journal of Cranio-Maxillo-
Facial Surgery, vol. 39, no. 2, pp. 91-92, 2011.

[33] H. B. Van der Worp and M. R. Macleod, “Preclinical studies of
human disease: Time to take methodological quality seriously,”
Journal of Molecular and Cellular Cardiology, vol. 51, no. 4, pp.
449-450, 2011.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

