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ABSTRACT

Background and objectives. Zinc has been reported to be low in children with febrile seizure compared to
febrile cases without seizures, but results are inconsistent. A meta-analysis was performed to systematically
evaluate the serum level of zinc in febrile children aged between 6-72 months with or without seizures.

Material and methods. A systematic search of databases was performed from January 2000 to January 2019.
Studies comparing the serum level of zinc in febrile children with or without seizure were selected.

Results. The major outcome was serum level of zinc. Random effect model was used to calculate pooled
standardized mean differences (SMD) with 95% confidence intervals (CIs). A total of 31 articles were included.
Meta-analysis suggested that the serum level of zinc is lower in patients with febrile seizure versus febrile cases
without seizure (SMD: -1.2, 95%CI= (-1.47, -0.93). In subgroup and sensitivity analysis no significant change
was observed in pooled SMD. In meta-regression analysis sample size as a continuous variable had a significant
influence on between-study variance (p= 0.02). According to cumulative analysis the difference of serum level
of zinc in febrile children with or without seizure decreased with time.

Conclusion. This meta-result indicated a significant association of zinc deficiency with seizure in febrile
children. It is suspected that decreased level of zinc may be involved in seizure occurrences and it may play a
role in the pathogenesis of febrile seizure.
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Seizure is one of the most common life-
threatening events in childhood.' Febrile seizure
(FS) has been defined as seizure in correlation
with a febrile disease without the infection of the
centralnervoussystem (CNS) or acuteimbalance
of electrolytes in absence of previous afebrile
seizures in children aged more than 1 month.
The prevalence of FS is 3-5% worldwide.>® FS
could be simple or complex which is differed
in frequency and duration.* Seizure is a result
of abnormal and extreme discharge of cortical
neurons in the CNS. Neuronal synapses are
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responsible for the composition of excitatory
or inhibitory signals in the post-synaptic space
as well as chipping in the basal making of
neuronal networks in the brain.” Trace elements
have several influences in the CNS. They are
involved in Ion channels, synaptogenesis,
membrane lipid peroxidation, etc. Over the past
years, it was considered that trace elements may
play a role in the pathogenesis of febrile seizure.
It has been suggested that zinc as an essential
trace element plays a role in the pathogenesis
of seizures.® There are many studies comparing
the serum level of zinc in febrile seizure. In
some studies levels of zinc in febrile seizure
have been reported to be lower when compared
with febrile cases without seizures™ but in
some studies no significant difference was
reported.!®!?
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To the best of our knowledge there is only
one systematic review and one meta-analysis
evaluating the serum or CSF level of zinc in
patients with FS.*"® They reviewed published
papers until 2013 and had different inclusion
criteria compared with the present study.
In one systematic review? the control group
included were febrile cases, afebrile seizure and
healthy children. On the other hand, there are
more than 15 published papers comparing the
serum level of zinc in febrile children with or
without seizures between the years 2013 and
2018 with different results.”®'%? Therefore,
the present updated review was carried out
to systematically evaluate relevant papers
comparing the serum level of zinc in febrile
patients with or without seizures until January
2019.

Material and Methods

Research strategy and study selection

Published papers were searched by 2
independent researchers (EB and FH) in
relevant databases including Pubmed, Scopus,
Cochrane library and web of science from
January 1th, 2000 up to January 31th, 2019.
Also e-publications ahead of print were
searched in Pubmed. Disagreement between
the two independent researchers was verified
by the third researcher (AA). The reference
lists of all verified studies were also checked
to detect additional relevant articles. Searched
key words were ["febrile seizure" OR "febrile
convulsion"] AND [“level” OR “concentration”
OR “profile”] AND [“zinc”] AND [“serum”
OR “plasma”] and ["deficiency"]. The present
systematic review was conducted according
to the standard protocol for meta-analyses of
observational studies. Inclusion criteria were
original case-control, nested case-control and
cross-sectional papers studying febrile children
aged 6-72 month with or without seizures
without any neurological disorders. Full-text
of English articles and English abstract of non-
English articles were included. Exclusion criteria
were animal or laboratory studies, review
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studies, randomized clinical trials (RCT), non-
controlled studies, healthy controls or control
groups with epilepsy, afebrile seizure or any
neurological complications or having received
any pharmacological treatment. Articles which
did not provide necessary data including
patient's age, number of patients in each group
and mean+SD of zinc level were excluded.

The following information was extracted
from each article included: first author, year
of publication, country of study, number of
subjects in case and control groups, mean+SD
of zinc level in both groups, significant
difference between groups and method of zinc
measurement. Studies were scored according to
NOS (Newcastle-Ottawa Quality Assessment
Scale Case-Control Studies).” Articles with at
least 5 stars were considered as good quality
and included in the meta-analysis. The present
research was reviewed and approved by
Mashhad University of Medical Sciences review
board (code: 970646, ethic code: IR.MUMS.
MEDICAL.REC.1398). Because the present
study was a systematic review and did not
relate to patients directly, it was not necessary
to provide inform consent form.

Quantitative data synthesis and data analysis

The data were extracted and meta-analysis was
used to pool them. Results were expressed as
standardized mean differences (SMD) with 95%
confidence intervals (95%ClI). If a study only
reported the median, range and/or inter-quartile
range (IQR); mean and standard deviation (SD)
were estimated, as described by Wan et al.*
Heterogeneity was checked using I* statistics.
Heterogeneity was considered significant if I?
was more than 50%. In significant heterogeneity,
data were analyzed using random effect
modelling.* Sensitivity analysis was applied
to the evaluation of the results constancy.
In order to discover the probable sources of
heterogeneity, subgroup analysis, based on
study sample size, method of zinc measurement
and match of demographic characteristics was
performed. Meta-regression was also performed
to further explore which variables contribute to
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substantial heterogeneity. Cumulative analysis
was also performed to detect the time-based
changes in the magnitude of research findings.

Publication bias was also verified by visually
check of Begg’s funnel plot symmetry and
Egger’s regression test.*® There is significant
publication bias if P< 0.05. The data were
analyzed using comprehensive Meta-analysis
software version 2.2.064 (Biostat, Englewood,N]J,
USA).

Results

Search and study selection

The primary literature search retrieved 558
articles. Some articles were removed because
they were not original studies; some were
excluded because of duplication. Some articles
were excluded, because they were books, book
section, review paper or animal studies. Some
studies were excluded because they had no
control group or they had a control group with
different inclusion criteria. Finally, 31 articles
were included in the present review.” 242>
742 All were case-control or cross sectional.
The diagram of the study selection process
is presented in Figure 1. Details of studies
included are presented in Table I.

Serum level of zinc

Serum level of zinc was reported in 31 studies.
Totally 3642 febrile children with or without
seizures were included as FS and febrile group
without seizure. In the FS group there were
1803 patients and in the febrile group without
seizure there were 1839 patients. A significant
lower serum level of zinc in febrile seizure
versus febrile children without seizure was
reported in 27 studies.”?!#%4 In 4 studies
no significant difference between groups was
reported.’*'>? Totally 31 studies were included
in the meta-analysis.”'>'*??42 Meta-analysis
using random effect modelling, suggested
that patients with FS had a significantly lower
serum level of zinc in comparison with febrile
patients without seizure (SMD: -1.2, 95% CI:
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(-1.47, -0.93), P value<0.001, I% 92.62%). Forest
plot is shown in Figure 2.

Heterogeneity analysis

To assess the probable sources of heterogeneity
in the results, subgroup, meta-regression
and sensitivity analysis were carry out. In the
subgroup analysis, the SMD of serum levels
of zinc did not differ substantially according
to sample size, method of zinc measurement
or matching of demographic characteristics
(Table II). Higher serum levels of zinc were
observed in the febrile seizure patients
compared with febrile cases without seizure
across all subgroups. To additionally explore
the potential sources of heterogeneity within
the results; meta-regression analysis was
performed by considering all the potential
factors including sample size, method of zinc
measurement and matching of demographic
characteristics. According to the meta-
regression analysis, sample size (p= 0.02) was
found to be a significant contributing factor for

All records found n database

(n=558)

hJd

Records after duplication exclusion

(n=263)

Excluded document after title
¥ and abstract verification
(=200

Records after title and
abstract venfication (n= §3 )

¥

Excluded documents

because of non-
relevant manuscript

A J

Relevant records

(m=32)

(n=31)

Included documents in meta-
analysis (n=31)

Fig. 1. Diagram of study selection.
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Studies Estimate (95% C.I.)
El-masry 2018 -0.834 {-1.291, -0.377) om
Hubaira 2018 -0.5599 {-0.883, -0.316) .
Sampathkumar 2018 -1.012 {-1.265, -0.758) -
Maheshwari 2018 -0,806 {-1.178, -0.434) ——
Pravin Soni 2017 -1.668 (-1.962, -1.374) ——
Memichandra 2017 -1.337 {-1.676, -0.999) ——
khajeh 2018 -0.730 {-1.252, -0.207) .
Shekrzadeh 2016 —0.611 (-0.906, -0.31€) [
Bonu 2016 -0.648 {-1.087, -0.209) —
Mamakin 2016 -1.237 {-1.674, -0.801) ——
Gatto 2015 -0,59% (-0,383, -0.316) -
Pannerseivam 2015 -0.811 {-1.218, -0.403) ——
Sreentvasa 2015 -0.683 (-1.086, -0.280) C——
M. Salah 2014 -0.135 {-0.756, 0.485) P — .
Joshi 2014 -1.437 (-1.877, -0.957) ——
Mehammad Aly 2014 -1.897 (-2.424, -1.369) ——
Salehiomran 2013 -0.684 (-1.087, -0.251) —.—
Amouian 2013 0.137 (-0.083, 0.356) | . N
Iyshwarya 2013 -3,23% (-4.182, -2.297) . ;
Taherya 2013 ~2.311 (-2.877, -1.74E) . 5
Katadar 2012 0.107 (-0.396, 0.609) H ——
Chkpesio 2012 -1.069 {-1.381, -0.756) —l—
Modarresi 2011 -0.862 (-1.182, -0.143) ——
Margarstha 2010 -5.1597 (-6.357, —4.037) =
Heydarian 2010 -0.984 (-1.520, -0.44%) —'—l—
Amiri 2010 -1.490 {-2.279, -1.100) —
Radhakrishnan Palliana 2010 -0.762 {-1.132, -0.3592) ——
Ehsanipeur 2009 -0.668 {-1.138, -0.1%8) ——
Taleblan 2009 -0.553 {-0.917, -0.188) o —
Mullsh 2008 ~4.166 {-4.854, -3.377) . ;
Ganesh 2008 -3,351 (-4.048, -2Z.654) —
Overall (142=92,62 % , P<0.001) -1.204 (-1.471, =-0.%37) -=::_":;-

T T T T T T

B ] 1 o

;mndidimd-]Maun Dif‘ferjnce
Fig. 2. The serum level of zinc in febrile children with or without seizure in pooled SMD.

Table II. Subgroup analysis of articles included according to sample size, method of zinc measurement and
matched demographic characteristics.

Difference between FS and

Sub groups No. f)f febrile group without seizure Test of heterogeneity
studies
SMD (95% CI)  pvalue Model (%)  Pvalue

Sample size

Less than 100 16 -1.66(-2.21,-1.1)  <0.001 R 93.67 <0.001

100 or more 15 -0.82 (-1.08,-0.57)  <0.001 R 89.53 <0.001
Method of zinc measurement

Spectrophotometry 18 -1.29(-1.67,-0.9)  <0.001 R 91.58 <0.001

Other methods 13 -1.08(-1.46, -0.7)  <0.001 R 93.08 <0.001
Demographic chracteristics matching

Matched 16 -1.17(-1.57,-0.76) ~ <0.001 R 93.75 <0.001

Not declared 15 -1.23(-1.59, -0.87)  <0.001 R 91.38 <0.001

FS: febrile seizure, SMD: strandardized mean difference, CI: confidence interval, R: random.
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between study variance for SMD analysis but
not method of zinc measurement (p= 0.82) and
matching of demographic characteristics (p=
0.58).

In the sensitivity analysis the effect of each
study on the overall pooled SMD was assessed.
According to sensitivity analysis no significant
change in the direction of pooled SMD was
observed, indicating the stability and robustness
of the results. Forest plot is shown in Figure 3.

Cumulative analysis

In cumulative analysis studies were added
according to date of publication and the results
were summarized as each new study was added.

Zinc in Febrile Seizure

According to cumulative analysis the difference
of serum level of zinc in febrile children with
or without seizures decreased over time. Forest
plot is shown in Figure 4.

Publication bias

Begg’s funnel plot and Egger’s regression test
are usually used to determine publication bias
of the included studies. Egger’s test revealed
significant asymmetry (p value=0.0006). Funnel
plot is shown in Figure 5.

Discussion

Presently, clinical evidence support the
relationship between zinc deficiency and

Studies Estimata (95% C.I.) |

Overall -1.204 (-1.471, -0.937) o

- ELmasry -1.218 (-1.493, -0.943) B

- Hubaira -1.229 (-1.508, -0.950) -

- Sampathkurmar -1.216 (-1.498, -0.934) .

- Maheshwarl -1.220 (-1.497, -0.944) L 3

- Pravin Soni -1.186 (-1.456, -0.91§) 3

- Nemichandra ~1.201 (-1.476, -0.926) ]

- khajeh -1.221 (-1.4935, -0.947) m

- Shokrzadeh -1.229 (-1.507, -0.950) -

- Bonu -1.224 (-1.499, -0.950) B

- Mamakin -1.204 (-1.479, -0.930) -

- Gatto -1.229 (-1.508, -0.950) [ =

- Pannerseham -1.220 [-1.495, -0.944) B

- Sreenivasa -1.224 (-1.500, -0.948) B

- N. Salah -1.237 (-1.509, -0.966) B

- Joshi -1.187 (-1.470, -0.923) u

- Mahammad Aly ~1.180 (-1.449, -0.911) -

- Salehiomran -1.224 ([-1.499, -0.948) n-

- Amauian -1.242 (-1.493, -0.990) n—

- lyshwarya -1.148 (-1.412, -0.885] |

- Taherya -1.165 (-1.430, -0.899) —i

- Kafadar -1.246 (-1.515, -0.977) -

- Okposlo -1.212 (-1.490, -0.934) L]

- Maodarresi -1.223 (-1.497, -0.949) B

- Margaretha -1.110 (-1.363, -0.857) i [}

- Heydarian -1.212 [-1.486, -0.938) .

_ Amirl -1.188 (-1.459, -0.917) e |

- Radhakrishnan Paliana -1.222 (-1.438, -0.345) .

- Ehsanipaur -1.223 (-1.498, -0.949) -

- Talebian -1.229 (-1.505, -0.953) -

- Mullah -1.110 (-1.359, -0.860) H ]

- Ganash ~1.132 (-1.388, -0.876) ]
I T T T T T 1
1.5 A4 -1.3 -1.2 A4 -1 -0.9

Fig. 3. Sensitivity analysis of included studies.
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Cumulative Studies Cumulative Eatimate
Mullah -4.166 (-4.954, -3.377) +—B——0 |

+ Ganesh -3.737 (-4.534, -2.939) ~——@— :

+ Ehsanipour ~2,712 (-4.971, -0.453) - :

+ Talebian -2.154 (-3.766, -0.543) - -
+ Margaretha =2.733 (-4.362, -1.105) - -

+ Heydarian ~2.423 (-3.724, -1.121) = :

+ Armniri =2.3086 (=3.406, =1.206) L
+ Radhakrishnan Palliana -2.089 (-3.001, -1.178) —_—
+ Modarresi -1.91% (-2.730, -1.108) N
+ Kafadar =1.712 (-2.480, -0.943) . e
+ Okposio -1.632 (-2.283, -0.982) —
+ Salehiomran -1.541 (-2.127, -0.854) —.—-—
+ Amauian -1.407 (-1.983, -0.831) R B
+ lyshwarya -1.530 {-2.108, -0.952) - R
+ Taherya -1.586 (-2.155, -1.016) R
+ N. Salah -1.493 (-2.037, -0.950) o=
+ Joshi -1.487 (-2.002, -0.972) ———
+ Mohammad Aly -1.509 (-2.009, -1.010} — .
+ Gatto -1.450 (-1.906, -0.994) R e
+ Pannerseham =1.412 (-1.843, =0.982) N e
+ Sreenivasa -1.372 (-1.780, -0.964) —
+ khajeh =1.340 (-1.731, -0.848) ——
+ Shokrzadeh =1.299 (-1.666, -0.933) e B
+ Bonu -1.268 (-1.619, -0.518) - B
+ Namakin 1.265 {-1.603, =-0.926) N =
+ Pravin Soni -1.281 {-1.613, -0.950) ——
+ Nemichandra -1.281 {-1.599, -0.9&3) ——
+ El-masry -1.262 (-1.570, -0.955) N
+ Hubaira -1.234 (-1.527, -0.941}) R B
+ Sampathkumar -1.220 (-1.497, -0.944) s
+ Maheshwari 1.204 (=1.471, =0.937) pE

Fig. 4. Cumulative analysis of included studies.

seizure occurrence in febrile children. Therefore
clinical data comparing the serum level of zinc
in febrile children with or without seizures were
systematically reviewed in the present study.
According to a meta-analysis the serum level
of zinc was significantly lower in FS children
compared with febrile cases without seizure. In
subgroup and sensitivity analysis no significant
change was observed in pooled SMD. Sample
size as continuous variable had a significant
influence on between-study variance in the
meta-regression analysis.

Daily intake of zinc is necessary because there
is no storage system for zinc. Sources of zinc
include whole grains, cheese, meat, shellfish
and legumes.*® Many people in developing
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countries suffer from zinc deficiency, including
approximately 79% in south Asia.**

Zinc is one of the essential trace elements in the
body, an especially high level is required in the
human brain. It is involved in many biological
activities, metabolism and differentiation of
cells. It is also effective in normal functioning
and development of brain cells.* Zinc has
also been recognized as a cofactor in the
synthesis and secretion of neurotransmitters.*
Pyridoxal phosphate (PP) is an essential co-
factor for the biosynthesis of neurotransmitters
in brain neurons. Hippocampus with nearly
30 ug/g dry weight has the most amount of
zinc in brain tissues. Zinc is essential for the
synthesis of PP. Imbalance of zinc leads to
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Funnel Plot of Precision by Std diff in means
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Fig. 5. The funnel plot of publication bias in pooled SMD analysis.

neurodegenerative disorders, oxidative stress,
etc. Also the function of some proteins involved
in seizures is affected by zinc imbalance. Some
excitatory mechanisms can be suppressed
by zinc. Zinc is a regulator of a rate-limiting
enzyme, glutamic acid decarboxylase in the
synthesis of gamma aminobutyric acid (GABA).
Decrease of zinc leads to N-Mothy1-D-Asparate
(NMDA) receptors activation, GABA inhibition
and changes in calcium channel function. These
changes could lead to seizure occurrence.***
GABA brain level is reduced due to low serum
level of zinc and as a result, threshold of seizure
occurrence is reduced. Serum level of zinc can
be affected by fever and acute phase response
during infectious diseases. It is suggested that
cytokines such as interleukin 6, interferon,
tumor necrosis factor and interleukin 1 can
reduce serum levels of zinc during infections.”!
So in cases with borderline serum level of zinc,
infections may trigger hypozincemia.

As reviewed in the present study, the
relationship between zinc and seizures was
studied. To date, only one systematic review
and one meta-analysis evaluating the serum

or CSF levels of zinc in febrile seizures has
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been published, but the inclusion criteria were
different.?”® Additionally, more than 15 papers
have been published between 2013 and 2018
with different results. Therefore, we felt a
new systematic review and meta-analysis was
necessary.

Between studies heterogeneity was a common
finding in the meta-analyses. In the present
study, the meta-analysis showed significant
heterogeneity in the pooled SMD analysis.
Sensitivity analysis, subgroup analysis and
meta-regression were used to discover the
possible causes of between-study heterogeneity
as well as heterogeneity decrement. The results
of the present review were robust. According
to sensitivity analysis any single study did
not affect the estimated pooled SMD. Meta-
regression confirmed that the sample size of
the study had a significant effect on the pooled
SMD and could be considered as a confounder
but not the method of zinc measurement
and group matching. Cumulative analysis
showed a decreasing trend in the difference
of serum levels of zinc in febrile children with
or without seizures during the time. Despite
dietary intake and supplementation reducing
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micronutrient and nutrient deficiencies, remain
a common problem in developing countries.
Therefore, preventative zinc supplementation
may outweigh any potentially adverse effects in
areas where risk of zinc deficiency is high.

This meta-result indicated a significant
association of zinc deficiency with seizures in
febrile children. It is suspected that decreased
level of zinc may be involved in seizure
occurrence and it may play a role in the
pathogenesis of febrile seizure.

The major limitations of the present study were:
A) In spite of an attempt for a comprehensive
search, it may be the case that some articles
were missed. B) Despite subgroup analysis,
significant heterogeneity was seen and could
have influenced the results. C) Potential
confounders were not verified in almost all
of the studies so we were unable to analyze
them. D) Publication bias may have affected
the pooled results. E) Most included studies
were case-controlled. It is well known that case-
controlled studies have unavoidable limitations
such as selection bias in case and control groups
and many other confounders which may affect
the pooled results.
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