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Background: In recent years, increasing attention has been paid to the association
between C-reactive protein (CRP) levels and epilepsy. However, studies concerning CRP
levels in epilepsy have also yielded conflicting results. Thus, the objective of the present
study is to systematically review the evidence and conduct a meta-analysis to investigate
CRP levels in epileptic patients compared with healthy controls.

Methods: A systematic search of PubMed, EMBASE, and the Cochrane Library
was performed for eligible studies. Standardized mean differences (SMDs) with 95%
confidence intervals (95% Cls) were used as a measure to assess the association
between CRP and epilepsy.

Results: In total, 16 case—control studies were included in the present meta-analysis,
which comprised 1918 individuals. Combined results indicated that epileptic patients
had significantly increased CRP levels in peripheral blood compared with healthy controls
(SMD = 0.43; 95% CI: 0.19-0.67). In addition, subgroup analyses by age demonstrated
that significant differences in blood CRP levels between epileptic patients and healthy
controls could be found in adults (SMD = 0.47; 95% CI: 0.21-0.73) but not children
(SMD = 0.26; 95% Cl: —0.48-0.99).

Conclusion: The present meta-analysis shows that the CRP levels in peripheral blood
were significantly increased in epileptic patients compared to healthy controls, indicating
a significant association between inflammation and epilepsy. Epileptic seizures may be
associated with the inflammatory response.

Keywords: C-creative protein, epilepsy, risk, blood levels, meta-analysis

HIGHLIGHTS

- CRP levels in peripheral blood were significantly increased in epileptic patients compared to
healthy controls.

- Significant heterogeneity exists among published studies.

- The elevated levels of C-reactive protein in epileptic patients indicate a significant association
between inflammation and epilepsy.

Frontiers in Neurology | www.frontiersin.org

1 September 2019 | Volume 10 | Article 974


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2019.00974
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2019.00974&domain=pdf&date_stamp=2019-09-18
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:z415831003@outlook.com
https://doi.org/10.3389/fneur.2019.00974
https://www.frontiersin.org/articles/10.3389/fneur.2019.00974/full
http://loop.frontiersin.org/people/705759/overview

Zhong et al.

Elevated CRP Levels in Epilepsy

INTRODUCTION

Epilepsy, considered the second most common brain disease, is
characterized by the sudden and regular occurrence of seizures
(1, 2). It is estimated that more than 65 million individuals
are affected by epilepsy worldwide (3). Based on evidence from
previous studies, the potential mechanisms for the occurrence
and development of epilepsy are wide-ranging and controversial,
potentially including oxidative stress, glycation, and methylation
capacity (4-8). In recent years, increasing attention has been
paid to the association between inflammation and epilepsy; this
association is believed to play a key role in the development
of epilepsy (9, 10). It has been established that the effect of
inflammatory mediators, such as interleukin-6 (IL-6) and tumor
necrosis factor a (TNF-a), on the brain is important and
harmful. Published studies have reported increased levels of IL-
6 and IL-1 in individuals with epilepsy compared with healthy
controls, indicating the important role of inflammatory markers
in epilepsy (11, 12).

C-reactive protein (CRP), one of the most common
biomarkers of inflammation, is widely used to investigate the
degree of inflammation (13). CRP has been considered to
be associated with the severity of the inflammatory response.
High-level evidence from recent meta-analyses indicated that
elevated levels of CRP were present in Alzheimer disease (AD)
and Parkinson disease (PD) (14-16). Additionally, CRP levels
have been identified as a prognostic marker in intracerebral
hemorrhage (ICH) by Di Napoli et al. (17). Increased CRP
levels during the acute-phase response in ICH may be associated
with short- and long-term outcomes such as poststroke epilepsy
reflecting the potential association between CRP levels and
epilepsy (18). However, studies concerning CRP levels in epilepsy
have also yielded conflicting results. A significant association
between CRP levels and epilepsy was observed in some studies,
while others did not identify consistent results. Thus, the
objective of the present study is to systematically review the
evidence and conduct a meta-analysis to investigate CRP levels in
epileptic patients compared with healthy controls. Additionally,
the possible impact of age on CRP levels in epilepsy will be
examined by subgroup analysis.

METHODS

The present meta-analysis was performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRISMA) (19).

Search Strategy

A systematic review of PubMed, EMBASE, and the Cochrane
Library was performed by two reviewers independently. The
reference lists of relevant reviews and studies were also screened
for eligible studies. The entire time frame from database
inception to June 1, 2019, was included. The following search
terms were used: “epilepsy” OR “seizure” AND “C-reactive
protein” OR “C reactive protein” OR “CRP.” Only studies
published in English were included in the present meta-analysis.

Assessment of Eligibility

In order to be included, a study was required to meet the
following inclusion criteria: (1) Design: cross-sectional study,
case—control study, or cohort study; (2) Participants: individuals
diagnosed with epilepsy or seizure were included in the
experimental group, and the control group included those
without epilepsy or seizure; (3) Outcome: CRP levels. Duplicate
studies were removed first. Reviews, meta-analyses, case reports,
letters, and conference abstracts were also excluded. For studies
with overlapping patient populations, we included the latest or
most complete study.

Study Selection

The titles and abstracts of all potential studies were screened by
two reviewers (Zhong and Chen) working independently. Studies
that were obviously irrelevant based on their titles or abstracts
were excluded first. Studies that provisionally met the eligibility
criteria were assessed for eligibility by examining the full text.
Two reviewers (Zhong and Chen) independently checked the
articles and resolved disagreements by discussion.

Data Extraction

The following data were extracted from each included study
by two independent reviewers (Zhong and Chen): first author,
publication data, country, sample size, outcome, and study
design. Specific numerical values of CRP levels were also
extracted and used for pooling data. Two investigators
independently extracted data from eligible articles, and any
discrepant judgments were resolved by discussion.

Risk of Bias Assessment

The Newcastle-Ottawa Scale (NOS) was applied to assess
the quality of the included studies. The NOS score classifies
individual studies as having low or high risk of bias across three
domains: selection, comparability, and exposure. An included
study was defined as high quality when the total score was at
least 5 (score of 5-9). Two reviewers independently evaluated the
quality of the studies and resolved disagreements by discussion.

Statistical Analysis
Heterogeneity was assessed by the P-value of x2 and the I*
statistic; the degree of heterogeneity was considered significant
if the I? statistic was >50% or the P-value was >0.5. Data were
pooled if a given outcome was reported in at least two studies.
The detailed outcome information as reported in the studies
was used. Continuous data were described as standardized mean
differences (SMDs) with 95% confidence intervals (95% CIs).
These values were used to assess the association between CRP
levels and epilepsy risk, and the results were presented as forest
plots, which included the contribution of each study (weight)
to the overall effect. We used random-effects models to pool
the results for significant heterogeneity in our meta-analysis;
otherwise, a fixed-effects model was applied.

The studies varied in whether their samples were derived from
the serum, plasma, or whole blood of epileptic patients; thus, we
also conducted a secondary analysis that included only studies
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FIGURE 1 | The process of study selection.

whose samples were from serum. Subgroup analyses stratified by
age group were further performed.

In addition, a sensitivity analysis was performed by excluding
one study at a time to evaluate the stability of the results.
Publication bias was assessed by Egger’s test if the number of
included studies was >10 in the meta-analysis. A funnel plot was
also generated. STATA 12 was used for this meta-analysis.

RESULTS

Literature Search

The literature search yielded 486 references. A total of 192
duplicate references were removed first. We identified 56 studies
as potentially eligible for inclusion after scanning the titles and
abstracts. After full-text assessment, we eventually identified 16

studies (20-35) that met the inclusion criteria. A flowchart of the
process used to select studies is presented in Figure 1.

Characteristics and Quality Assessments
of Included Studies

In total, 16 case-control studies were included in the present
meta-analysis, which comprised 1,918 individuals (1,050 cases
and 868 controls) from China (4 studies), Japan (2 studies), Egypt
(2 studies), the UK (1 study), the USA (1 study), Italy (1 study),
Poland (1 study), South Korea (1 study), Iran (1 study), India
(1 study), and Finland (1 study). There was a median sample size
of 119 individuals per study. Thirteen studies were conducted
in adults, and 3 were conducted in children. Thirteen studies
collected their samples from serum, 2 from whole blood, and 1
from plasma. All studies were included in the primary analysis.
A secondary analysis was also performed, including only studies
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TABLE 1 | The characteristics of the included studies.

First author Year Country Age group Number. Outcome Quality Study design
EG CG

M. Kopczynska 2018 UK Adults 157 54 Plasma CRP level 7 Case-control
NA. Meguid 2018 Egypt Children 30 30 Serum CRP level 7 Case-control
NC Chen 2018 China Adults 120 40 Blood hs-CRP level 7 Case-control
TC Zhou 2018 China Adults 58 58 Serum CRP level 6 Case-control
C. Liguori 2017 Italy Adults 37 20 Serum CRP level 6 Case-control
Kentaro 2017 Japan Adults ihl 8 Serum hs-CRP level 7 Case-control
EP Péttorak 2016 Poland Adults 21 21 Serum hs-CRP level 6 Case-control
JS Yeom 2016 South Korea Adults 29 173 Serum CRP level 6 Case-control
A Farhang 2015 Iran Adults 40 20 Serum CRP level 7 Case-control

N Ishikawa 2014 Japan Children 29 15 Serum hs-CRP level 7 Case-control
FM. Talaat 2014 Egypt Adults 40 20 Serum hs-CRP level 7 Case-control
N Sankhyan 2013 India Children 58 58 Serum hs-CRP level 7 cross-sectional
T Alapirtti 2012 Finland Adults 31 80 Serum CRP level 8 Case-control
YC Chuang 2011 China Adults 160 60 Serum hs-CRP level 7 Cross-sectional
S Mintzer 2009 USA Adults 34 16 Serum CRP level 7 Case-control
TY Tan 2009 China Adults 195 195 Blood hs-CRP level 7 Case-control

whose samples were from serum. The NOS scores of the studies
varied from 6 to 8 points (mean score: 6.81), indicating the good
quality of the included studies. The basic characteristics of the
included studies are provided in Table 1.

Results of Meta-Analyses

CRP levels were measured in peripheral blood by a total of 16
case—control studies, whose samples were derived from serum
(13 studies), plasma (1 study), or whole blood (2 studies) of
epileptic patients. The present meta-analysis involved 1,050
patients and 868 controls. Combined results indicated that
epileptic patients had significantly increased CRP levels in
peripheral blood compared with healthy controls (SMD = 0.43,
95% CI: 0.19-0.67) (Figure 2). We applied a random-effects
model due to the high heterogeneity (I> = 84.3%). When
removing three studies whose samples were from plasma or
whole blood, the secondary analysis demonstrated that CRP
levels in serum were also significantly elevated in epileptic
patients compared to controls (SMD = 0.53, 95% CI: 0.20-
0.85). A random-effects model was also applied due to the high
heterogeneity (I* = 85.8%).

Results of Subgroup Analysis Stratified by
Age Group

Subgroup analyses by age group were performed as well. Pooled
data demonstrated that significant differences in blood CRP
levels between epileptic patients and healthy controls were found
in adults (SMD = 0.47, 95% CI: 0.21-0.73) rather than children
(SMD = 0.26, 95% CI: —0.48-0.99). In other words, adult
patients with epilepsy were more likely to have increased levels
of CRP than healthy controls. However, this tendency was not
observed in children. Random-effect models were used because
of the heterogeneity (adults: I? = 84.5%; children: I* = 84.3%).

Sensitivity Analysis

Sensitivity analysis was performed to assess the influence of
each individual study on the overall SMD. The stability and
reliability of the overall SMD were evaluated by leave-one-out
cross-validation, which repeated the analysis after sequential
exclusion of each study. The presence of a significant SMD was
not changed after serial exclusion of studies (Figure 3). Thus, the
results were constant and stable in general.

Publication Bias

A funnel plot for the association between elevated CRP levels
and the risk of epilepsy was drawn; visual inspection of this
plot did not reveal substantial publication bias (Figure 4).
As expected, Egger’s test also failed to show publication
bias (p = 0.22).

DISCUSSION

In recent years, much attention has been paid to the association
between blood CRP levels and the risk of epilepsy. However,
this association has not been fully characterized. Our study
aimed to systematically review the current evidence and pool
the inconsistent data of previous studies focusing on CRP levels
in peripheral blood between epileptic patients and controls.
The present meta-analysis included 16 studies that recruited
1918 individuals. The findings of the current study mainly
showed that epileptic patients had increased levels of CRP in
peripheral blood compared with controls. In addition, after
removing three studies whose samples were from plasma or
whole blood, the secondary analysis demonstrated that CRP
levels in serum were also significantly elevated in epileptic
patients compared to controls. In addition, subgroup analysis
stratified by age group was also conducted, and we found that
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Study %
ID SMD (95% Cl) Weight
S Mintzer (2000) ly : 0.04 (-0.56,0.64) 4.26
TY Tan (2009) —— 0.27 (0.07,0.47) 553
YC Chuang A (2011) + 0.39 (-0.08,0.85) 4.75
YC Chuang B (2011) Jl—o— 0.81 (0.40, 1.22) 493
YC Chuang C (2011) — 0.92(0.50,1.34) 4.89
YC Chuang D (2011) —_— 0.22 (-0.15,0.59) 5.07
T Alapirtti (2012) — 0.92(0.49,1.35) 4.86
N Sankhyan A (2013) —_—— -0.09 (-0.61,0.44) 453
N Sankhyan B (2013)  ——#—rt ! -0.48 (-0.99, 0.04) 4.57
N Ishikawa A (2014) : 114 (0.31,1.96) 3.46
N Ishikawa B (2014) € -+ , -0.44 (-1.14,0.26) 3.87
FM. Talaat (2014) —_———— 0.74 (019, 1.29) 4.42
A Farhang (2015) : —> 343(261,426) 3.46
EP P6?torak (2016) - ! -0.22 (-0.82,0.39) 4.23
JS Yeom (2016) — -0.26 (-0.66,0.13) 4.99
C. Liguori (2017) 4 0.38 (-0.17,0.93) 4.44
Kentaro (2017) : 114 (0.15,213) 294
M. Kopczynska A (2018) —— -0.06 (-0.39, 0.27) 5.20
M. Kopczynska B (2018) —_— -0.15 (-0.54, 0.25) 4.99
NA. Meguid (2018) : —_— 124 (0.68,1.79) 4.42
NC Chen (2018) -—0—:— 0.32(-0.04,068) 5.10
TC Zhou (2018) - 0.30 (-0.07,0.67) 5.08
Overall (I-squared = 84.3%, p = 0.000) <t> 0.43 (0.19,0.67)  100.00
NOTE: Weights are from random effects qnalysi::%

I | I I
-1 0 1 3
FIGURE 2 | Forest plot of blood C-reactive protein (CRP) levels in epileptic patients and healthy controls. SMD, standardized mean difference; Cl, confidence interval.

compared with controls, the CRP levels significantly increased
in adult patients but not in child patients. The stability and
constancy of the results were demonstrated by sensitivity
analysis. Additionally, the funnel plot and Egger’s test did not
suggest publication bias.

Tan et al. first reported that blood levels of hs-CRP were
significantly increased in individuals with epilepsy, which may be
associated with the effect of long-term exposure to antiepileptic
drugs (AEDs) (35). In line with the findings, Chuang et al.
found that patients with epilepsy taking enzyme-inducing AED
monotherapy (CBZ and PHT) had more serious elevations
of CRP than those with LTG and VPA. Long-term use of
AEDs had an important effect on atherosclerosis, which was
considered to be associated with inflammatory mechanisms
(34). The change in hs-CRP levels may reflect the severity
of the inflammatory process. Alapirtti et al. found that CRP

levels were significantly increased after index seizure compared
with baseline levels (32). Therefore, the CRP levels in epilepsy
were also associated with the frequency of seizures. Similar
observations were obtained from subsequent (24, 29, 30) studies.
However, the opposite results were also reached by some
studies that failed to identify a significant association between
CRP levels and the risk of epilepsy (26, 31). In addition,
Strauss et al. investigated CRP levels in the brain tissue of
epileptic and non-epileptic patients and found that decreased
levels of CRP were one of the most pronounced epilepsy-
associated differences (36). The inconsistent results may be
due to the differences in inclusion criteria, age group, and
ethnicity. Additionally, because of the limitation of sample
size for individual studies, the single study may lack sufficient
statistical power to draw a solid conclusion. No high-level
evidence on this topic has been obtained from a meta-analysis
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FIGURE 3 | Sensitivity analysis indicates the robustness of the results. Cl, confidence interval.
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FIGURE 4 | Funnel plot of the selected studies. This suggests publication bias. SMD, standardized mean difference.

previously. With the aim of investigating the association
between increased CRP levels and the risk of epilepsy, we
systematically reviewed the evidence and combined the results of
published studies to investigate CRP levels in epileptic patients
compared with healthy controls. The significant association

between elevated levels of CRP and epilepsy was identified in
our meta-analysis.

CRP is considered one of the most important biomarkers
of inflammation. In this study, the significant association
between increased CRP levels and epilepsy may be explained
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through the inflammatory mechanism of epilepsy. An
increasing body of evidence supports the reciprocal
causal link between inflammation and epilepsy (37-39).
A recent study also identified the presence of focal and
distributed inflammation in epilepsy, as measured by
positron emission tomography imaging of translocator
protein (40). Acute brain injury such as viral encephalitis
and stroke may cause epilepsy whose main driving force is
inflammation (39).

Recent evidence supports the idea that acute ischemic and
hemorrhagic cerebrovascular diseases are the most common
causes of late-onset epilepsy in which the inflammatory response
plays an important role (41, 42). It would be significant to explore
more inflammatory biomarkers, such as the neutrophil-to-
lymphocyte ratio, which may be used to predict the development
of epilepsy in acute cerebrovascular diseases and then identify
those patients at high risk. Thus, further attention should
be paid to finding inflammatory biomarkers that may be
used to predict the development of epilepsy in the future. In
addition, it was established that epilepsy, especially temporal lobe
epilepsy (TLE), was significantly associated with an increased
risk of cognitive dysfunction (43). Evidence from previous
studies indicated that chronic activation of cytokine-dependent
inflammation may lead to cognitive impairment in epilepsy
(44). Recent progress has indicated that elevated brain cytokine
signaling also causes cognitive impairment (45). CRP, as one
of the most common biomarkers of inflammation, may be a
potential predictor of subsequent cognitive decline in epilepsy.
In recent years, an increasing number of studies have focused
on the effect of anti-inflammatory therapy on epilepsy. Recent
progress has demonstrated that P2X7 receptor antagonists
and monoacylglycerol-lipase (MAGL) are the most effective
anti-inflammatory treatments for the acute course of status
epilepticus, able to drastically reduce SE duration on a 1-h
delay after administration (46-48). Therefore, anti-inflammatory
therapies may be an attractive potential choice for epileptic
patients with increased CRP levels, although there is a long way
to go. In addition, CRP levels can be used to assess the effect of
anti-inflammatory treatments. Note that compared with controls,
people with epilepsy had an increased risk of subsequent stroke
or myocardial infarction (MI), which may be associated with
the role of CRP in the development of cardiovascular disease
(49, 50). Thus, the increased levels of CRP in epilepsy may
predict adverse prognosis, such as a high incidence of stroke
or ML

To our knowledge, the current meta-analysis is the first work
focused on the association between increased levels of CRP in
peripheral blood and epilepsy. In this work, we combined the
results of 16 studies with 1918 individual enrollment, which may
enhance the statistical power and the reliability of the findings.
The findings showed that significantly increased CRP levels in
epilepsy were observed compared to controls. Considering the
impact of age on CRP levels in epilepsy, subgroup analysis
stratified by age group was performed. A significant association
between elevated CRP levels of blood and epilepsy was observed
in adult patients but not in child patients. CRP can be used
to reflect the degree of inflammation. Thus, the inflammatory

response may be more serious in epileptic adults than in
epileptic children. The limited number of included studies in
the child group was another explanation that may also cause
the different results. Thus, the results of subgroup analysis
should be interpreted with caution. We also highlight the
request to perform more studies to test our results. Generally,
the quality of the included studies was high. In addition, the
stability and constant of our results were proved by sensitivity
analysis. No publication bias was also found by funnel plot and
Egger’s test.

The present meta-analysis has several limitations. First, a
meta-analysis may be biased when the literature search fails
to identify all relevant studies. However, access to unpublished
articles remains difficult, which may be a potential limitation
of our study. Furthermore, only studies published in English
were included in our study, which may also have led to
bias. Second, the number of included studies based on child
patients was limited, and the sample size was small. We
highlight the need to conduct more trials to evaluate the
association between CRP levels in blood and epilepsy in epileptic
children. Third, significant heterogeneity existed among studies.
However, we did not identify the source of heterogeneity
through a sensitivity analysis and subgroup analysis. The
high, significant heterogeneity may be partly explained by
the differences in inclusion criteria and basic characteristics
across studies. The different detection methods for hs-CRP
and CRP among studies may also lead to heterogeneity.
Additionally, despite the increased CRP levels observed in
epilepsy, CRP levels in epilepsy may be associated with
the etiology of epilepsy, the age of epilepsy onset, seizure
frequency, and the patient’s exposure to AEDs. Subgroup
analyses stratified by these potential factors were not performed
due to the lack of detailed information. We suggest further
studies to assess the effect of the etiology of epilepsy, the
age of epilepsy onset, the frequency of seizures, and the
exposure to AEDs on CRP levels in epilepsy. CRP is a non-
specific biomarker of inflammation for epilepsy that is also
elevated in other neurological disorders, such as AD and
PD. Increased CRP levels in epilepsy may partly reflect the
existence of inflammation. There is a demand for further
studies to investigate the association between inflammation and
epilepsy. Additionally, the exact role of increased CRP levels
in the development of epilepsy remains unclear and requires
further research.

CONCLUSION

In summary, the present meta-analysis shows that the CRP
levels in peripheral blood were significantly increased in
epileptic patients compared to healthy controls, indicating
a potential association between inflammation and epilepsy.
Epileptic seizures may be associated with the inflammatory
response. Additionally, the exact role of increased CRP levels
in epilepsy remains in question. Further studies are needed to
investigate the exact role of CRP in epilepsy.

Frontiers in Neurology | www.frontiersin.org

September 2019 | Volume 10 | Article 974


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhong et al.

Elevated CRP Levels in Epilepsy

AUTHOR CONTRIBUTIONS

RZ, ML, and XZ: conceptualization. RZ and QC: data
curation. RZ: formal analysis and funding acquisition.
RZ, QC, and XZ: investigation, methodology, resources,

REFERENCES

1. Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, Elger CE, et al.
ILAE official report: a practical clinical definition of epilepsy. Epilepsia. (2014)
55:475-82. doi: 10.1111/epi.12550

2. Fisher RS, van Emde BW, Blume W, Elger C, Genton P, Lee P, et al
Epileptic seizures and epilepsy: definitions proposed by the International
League Against Epilepsy (ILAE) and the International Bureau for Epilepsy
(IBE). Epilepsia. (2005) 46:470-2. doi: 10.1111/j.0013-9580.2005.66104.x

3. England M]J, Liverman CT, Schultz AM, Strawbridge LM. Summary: a reprint
from epilepsy across the spectrum: promoting health and understanding.
Epilepsy Curr. (2012) 12:245-53. doi: 10.5698/1535-7511-12.6.245

4. Rogawski MA, Tofighy A, White HS, Matagne A, Wolff C.
Current understanding of the mechanism of action of the
antiepileptic drug lacosamide. Epilepsy Res. (2015) 110:189-205.

doi: 10.1016/j.eplepsyres.2014.11.021

5. Wei E Yan LM, Su T, He N, Lin ZJ, Wang J, et al. Ion channel genes
and epilepsy: functional alteration, pathogenic potential, and mechanism of
epilepsy. Neurosci Bull. (2017) 33:455-77. doi: 10.1007/s12264-017-0134-1

6. Suzuki J. Neuronal mechanism of epileptogenesis in EL mouse. Proc Jpn Acad
Ser B Phys Biol Sci. (2013) 89:270-80. doi: 10.2183/pjab.89.270

7. Gunthorpe M]J, Large CH, Sankar R. The mechanism of action of retigabine
(ezogabine), a first-in-class K+ channel opener for the treatment of epilepsy.
Epilepsia. (2012) 53:412-24. doi: 10.1111/§.1528-1167.2011.03365.x

8. Yuen A, Keezer MR, Sander JW. Epilepsy is a neurological and a systemic
disorder. Epilepsy Behav. (2018) 78:57-61. doi: 10.1016/j.yebeh.2017.10.010

9. Terrone G, Frigerio E Balosso S, Ravizza T, Vezzani A. Inflammation and
reactive oxygen species in status epilepticus: biomarkers and implications
for therapy. Epilepsy Behav. (2019). doi: 10.1016/j.yebeh.2019.04.028. [Epub
ahead of print].

10. Paudel YN, Shaikh MEF, Shah S, Kumari Y, Othman I. Role of inflammation
in epilepsy and neurobehavioral comorbidities: implication for therapy. Eur J
Pharmacol. (2018) 837:145-55. doi: 10.1016/j.ejphar.2018.08.020

11. Uludag IF, Duksal T, Tiftikcioglu BI, Zorlu Y, Ozkaya E Kirkali G. IL-1beta,
IL-6 and IL1Ra levels in temporal lobe epilepsy. Seizure. (2015) 26:22-5.
doi: 10.1016/j.seizure.2015.01.009

12. Alapirtti T, Lehtimaki K, Nieminen R, Makinen R, Raitanen J, Moilanen E,
et al. The production of IL-6 in acute epileptic seizure: a video-EEG study. J
Neuroimmunol. (2018) 316:50-5. doi: 10.1016/j.jneuroim.2017.12.008

13. Gabay C, Kushner I. Acute-phase proteins systemic
responses to inflammation. N Engl ] Med. 340:448-54.
doi: 10.1056/NEJM199902113400607

14. Darweesh S, Wolters FJ, Ikram MA, de Wolf E Bos D, Hofman A.
Inflammatory markers and the risk of dementia and Alzheimer’s
disease: a meta-analysis. Alzheimers Dement. (2018) 14:1450-9.
doi: 10.1016/j.jalz.2018.02.014

15. Su C, Zhao K, Xia H, Xu Y. Peripheral inflammatory biomarkers in
Alzheimer’s disease and mild cognitive impairment: a systematic review and
meta-analysis. Psychogeriatrics. (2019) 19:300-309. doi: 10.1111/psyg.12403

16. Qiu X, Xiao Y, Wu J, Gan L, Huang Y, Wang J. C-reactive protein and risk
of Parkinson’s disease: a systematic review and meta-analysis. Front Neurol.
(2019) 10:384. doi: 10.3389/fneur.2019.00384

17. DiNapoli M, Parry-Jones AR, Smith CJ, Hopkins SJ, Slevin M, Masotti L, et al.
C-reactive protein predicts hematoma growth in intracerebral hemorrhage.
Stroke. (2014) 45:59-65. doi: 10.1161/STROKEAHA.113.001721

18. Di Napoli M, Slevin M, Popa-Wagner A, Singh P, Lattanzi S, Divani AA.
Monomeric C-reactive protein and cerebral hemorrhage: from bench to
bedside. Front Immunol. (2018) 9:1921. doi: 10.3389/fimmu.2018.01921

and other
(1999)

and validation. RZ and ML: project administration.
RZ, QC, XZ, ML, XZ, and WL: software. RZ,
XZ, and WL: supervision,  writing—review, and

editing. RZ and XZ: visualization. RZ, QC, and WL:
writing—original draft.

19. Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BM]J. (2009) 339:b2700. doi: 10.1136/bm;j.b2700

20. Kopczynska M, Zelek WM, Vespa S, Touchard S, Wardle M, Loveless S,
et al. Complement system biomarkers in epilepsy. Seizure. (2018) 60:1-7.
doi: 10.1016/j.seizure.2018.05.016

21. Meguid NA, Samir H, Bjorklund G, Anwar M, Hashish A, Koura E et al.
Altered S100 calcium-binding protein B and matrix metallopeptidase 9 as
biomarkers of mesial temporal lobe epilepsy with hippocampus sclerosis. J
Mol Neurosci. (2018) 66:482-91. doi: 10.1007/s12031-018-1164-5

22. Chen NC, Chen CH, Lin TK, Chen SD, Tsai MH, Chang CC, et al. Risk of
microangiopathy in patients with epilepsy under long-term antiepileptic drug
therapy. Front Neurol. (2018) 9:113. doi: 10.3389/fneur.2018.00113

23. Zhou T, Wang N, Xu L, Huang H, Yu C, Zhou H. Effects of carbamazepine
combined with vitamin B12 on levels of plasma homocysteine, hs-CRP and
TNF-alpha in patients with epilepsy. Exp Ther Med. (2018) 15:2327-32.
doi: 10.3892/etm.2018.5698

24. Liguori C, Romigi A, Izzi F Placidi F Nuccetelli M, Cordella A,
et al. Complement system dysregulation in patients affected by idiopathic
generalized epilepsy and the effect of antiepileptic treatment. Epilepsy Res.
(2017) 137:107-11. doi: 10.1016/j.eplepsyres.2017.09.005

25. Kentaro S, Kimiharu I, Sari M, Shojiro T, Yuko K. Exploration of predictive
biomarkers for sudden unexplained cardiac death in nonelderly people: a
case—control study with biochemical parameters related to heart failure. Am J
Forensic Med Pathol. (2018) 39:41-5. doi: 10.1097/PAF.0000000000000361

26. Plonka-Poltorak E, Zagrodzki P, Kryczyk-Koziol ], Westermarck T, Kaipainen
P, Kaski M, et al. Does valproate therapy in epileptic patients contribute to
changing atherosclerosis risk factors? The role of lipids and free fatty acids.
Pharmacol Rep. (2016) 68:1339-44. doi: 10.1016/j.pharep.2016.09.001

27. YeomJS, Kim YS, Jun JS, Do HJ, Park JS, Seo JH, et al. NSP4 antibody levels in
rotavirus gastroenteritis patients with seizures. Eur ] Paediatr Neurol. (2017)
21:367-73. doi: 10.1016/j.¢jpn.2016.10.006

28. Farhang A, Javanmard SH, Mehvari ], Zare M, Saadatnia M. Inflammation and
endothelium response in epileptic patients: a case—control study. Adv Biomed
Res. (2016) 5:131. doi: 10.4103/2277-9175.187370

29. Ishikawa N, Kobayashi Y, Fujii Y, Kobayashi M. Increased interleukin-6 and
high-sensitivity C-reactive protein levels in pediatric epilepsy patients with
frequent, refractory generalized motor seizures. Seizure. (2015) 25:136-40.
doi: 10.1016/j.seizure.2014.10.007

30. Talaat FM, Kamel T, Rabah AM, Ahmed SM, El-Jaafary SI, Abdelaziz GH.
Epilepsy and antiepileptic drugs: risk factors for atherosclerosis. Int ] Neurosci.
(2015) 125:507-11. doi: 10.3109/00207454.2014.949704

31. Sankhyan N, Gulati S, Hari S, Kabra M, Ramakrishnan L, Kalra V.
Noninvasive screening for preclinical atherosclerosis in children on phenytoin
or carbamazepine monotherapy: a cross sectional study. Epilepsy Res. (2013)
107:121-6. doi: 10.1016/j.eplepsyres.2013.08.011

32. Alapirtti T, Waris M, Fallah M, Soilu-Hanninen M, Makinen R,
Kharazmi E, et al. C-reactive protein and seizures in focal epilepsy:
s video-electroencephalographic ~ study. Epilepsia. (2012) 53:790-6.
doi: 10.1111/j.1528-1167.2012.03449.x

33. Chuang YC, Chuang HY, Lin TK, Chang CC, Lu CH, Chang
WN, et al. Effects of long-term antiepileptic drug monotherapy on
vascular risk factors and atherosclerosis. Epilepsia. (2012) 53:120-8.
doi: 10.1111/j.1528-1167.2011.03316.x

34. Mintzer S, Skidmore CT, Abidin CJ, Morales MC, Chervoneva I, Capuzzi DM,
et al. Effects of antiepileptic drugs on lipids, homocysteine, and C-reactive
protein. Ann Neurol. (2009) 65:448-56. doi: 10.1002/ana.21615

Frontiers in Neurology | www.frontiersin.org

September 2019 | Volume 10 | Article 974


https://doi.org/10.1111/epi.12550
https://doi.org/10.1111/j.0013-9580.2005.66104.x
https://doi.org/10.5698/1535-7511-12.6.245
https://doi.org/10.1016/j.eplepsyres.2014.11.021
https://doi.org/10.1007/s12264-017-0134-1
https://doi.org/10.2183/pjab.89.270
https://doi.org/10.1111/j.1528-1167.2011.03365.x
https://doi.org/10.1016/j.yebeh.2017.10.010
https://doi.org/10.1016/j.yebeh.2019.04.028
https://doi.org/10.1016/j.ejphar.2018.08.020
https://doi.org/10.1016/j.seizure.2015.01.009
https://doi.org/10.1016/j.jneuroim.2017.12.008
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1016/j.jalz.2018.02.014
https://doi.org/10.1111/psyg.12403
https://doi.org/10.3389/fneur.2019.00384
https://doi.org/10.1161/STROKEAHA.113.001721
https://doi.org/10.3389/fimmu.2018.01921
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/j.seizure.2018.05.016
https://doi.org/10.1007/s12031-018-1164-5
https://doi.org/10.3389/fneur.2018.00113
https://doi.org/10.3892/etm.2018.5698
https://doi.org/10.1016/j.eplepsyres.2017.09.005
https://doi.org/10.1097/PAF.0000000000000361
https://doi.org/10.1016/j.pharep.2016.09.001
https://doi.org/10.1016/j.ejpn.2016.10.006
https://doi.org/10.4103/2277-9175.187370
https://doi.org/10.1016/j.seizure.2014.10.007
https://doi.org/10.3109/00207454.2014.949704
https://doi.org/10.1016/j.eplepsyres.2013.08.011
https://doi.org/10.1111/j.1528-1167.2012.03449.x
https://doi.org/10.1111/j.1528-1167.2011.03316.x
https://doi.org/10.1002/ana.21615
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhong et al.

Elevated CRP Levels in Epilepsy

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Tan TY, Lu CH, Chuang HY, Lin TK, Liou CW, Chang WN, et al. Long-term
antiepileptic drug therapy contributes to the acceleration of atherosclerosis.
Epilepsia. (2009) 50:1579-86. doi: 10.1111/j.1528-1167.2009.02024.x

Strauss KI, Elisevich KV. Brain region epilepsy-associated
differences in inflammatory mediator levels in medically refractory
mesial temporal lobe epilepsy. ] Neuroinflammation. (2016) 13:270.
doi: 10.1186/512974-016-0727-z

van Vliet EA, Aronica E, Vezzani A, Ravizza T. Review: neuroinflammatory
pathways as treatment targets and biomarker candidates in epilepsy: emerging
evidence from preclinical and clinical studies. Neuropathol Appl Neurobiol.
(2018) 44:91-111. doi: 10.1111/nan.12444

Vezzani A, French J, Bartfai T, Baram TZ. The role of inflammation in
epilepsy. Nat Rev Neurol. (2011) 7:31-40. doi: 10.1038/nrneurol.2010.178
Klein P, Dingledine R, Aronica E, Bernard C, Blumcke I, Boison D, et al.
Commonalities in epileptogenic processes from different acute brain insults:
do they translate? Epilepsia. (2018) 59:37-66. doi: 10.1111/epi.13965
Dickstein LP, Liow JS, Austermuehle A, Zoghbi S, Inati SK, Zaghloul K,
et al. Neuroinflammation in neocortical epilepsy measured by PET imaging
of translocator protein. Epilepsia. (2019) 60:1248-54. doi: 10.1111/epi.
15967

Lattanzi S, Brigo F, Trinka E, Cagnetti C, Di Napoli M, Silvestrini M.
Neutrophil-to-lymphocyte ratio in acute cerebral hemorrhage: a system
review. Transl Stroke Res. (2019) 10:137-45. doi: 10.1007/s12975-018-0649-4
Duan Z, Wang H, Wang Z, Hao Y, Zi W, Yang D, et al. Neutrophil-
lymphocyte ratio predicts functional and safety outcomes after endovascular
treatment for acute ischemic stroke. Cerebrovasc Dis. (2018) 45:221-7.
doi: 10.1159/000489401

Nearing K, Madhavan D, Devinsky O. Temporal lobe epilepsy: a progressive
disorder? Rev Neurol Dis. (2007) 4:122-7.

Cunningham C, Sanderson DJ. Malaise in the water maze: untangling the
effects of LPS and IL-1beta on learning and memory. Brain Behav Immun.
(2008) 22:1117-27. doi: 10.1016/j.bbi.2008.05.007

and

45.

46.

47.

48.

49.

50.

Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. From
inflammation to sickness and depression: when the immune system subjugates
the brain. Nat Rev Neurosci. (2008) 9:46-56. doi: 10.1038/nrn2297

Henshall DC, Engel T. P2X purinoceptors as a link between hyperexcitability
and neuroinflammation in status epilepticus. Epilepsy Behav. (2015) 49:8-12.
doi: 10.1016/j.yebeh.2015.02.031

Henshall DC, Diaz-Hernandez M, Miras-Portugal MT, Engel T. P2X receptors
as targets for the treatment of status epilepticus. Front Cell Neurosci. (2013)
7:237. doi: 10.3389/fncel.2013.00237

Terrone G, Pauletti A, Salamone A, Rizzi M, Villa BR, Porcu L, et al. Inhibition
of monoacylglycerol lipase terminates diazepam-resistant status epilepticus
in mice and its effects are potentiated by a ketogenic diet. Epilepsia. (2018)
59:79-91. doi: 10.1111/epi.13950

Brigo F, Lochner P, Nardone R, Manganotti P, Lattanzi S. Increased
risk of stroke and myocardial infarction in patients with epilepsy:
a systematic review of population-based cohort studies. Epilepsy Behav.
(2019). doi: 10.1016/j.yebeh.2019.05.005. [Epub ahead of print].

Badimon L, Pena E, Arderiu G, Padro T, Slevin M, Vilahur G, et al. C-reactive
protein in atherothrombosis and angiogenesis. Front Immunol. (2018) 9:430.
doi: 10.3389/fimmu.2018.00430

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Zhong, Chen, Li, Zhang and Lin. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

September 2019 | Volume 10 | Article 974


https://doi.org/10.1111/j.1528-1167.2009.02024.x
https://doi.org/10.1186/s12974-016-0727-z
https://doi.org/10.1111/nan.12444
https://doi.org/10.1038/nrneurol.2010.178
https://doi.org/10.1111/epi.13965
https://doi.org/10.1111/epi.15967
https://doi.org/10.1007/s12975-018-0649-4
https://doi.org/10.1159/000489401
https://doi.org/10.1016/j.bbi.2008.05.007
https://doi.org/10.1038/nrn2297
https://doi.org/10.1016/j.yebeh.2015.02.031
https://doi.org/10.3389/fncel.2013.00237
https://doi.org/10.1111/epi.13950
https://doi.org/10.1016/j.yebeh.2019.05.005
https://doi.org/10.3389/fimmu.2018.00430
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Elevated Blood C-Reactive Protein Levels in Patients With Epilepsy: A Systematic Review and Meta-Analysis
	Highlights
	Introduction
	Methods
	Search Strategy
	Assessment of Eligibility
	Study Selection
	Data Extraction
	Risk of Bias Assessment
	Statistical Analysis

	Results
	Literature Search
	Characteristics and Quality Assessments of Included Studies
	Results of Meta-Analyses
	Results of Subgroup Analysis Stratified by Age Group
	Sensitivity Analysis
	Publication Bias

	Discussion
	Conclusion
	Author Contributions
	References


