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Abstract

and febrile seizures in children in South Korea.

controls with febrile illness but no seizures.

febrile seizures.

Background: Febrile seizures are the most common type of seizure in the first 5 years of life, and many factors that
increase seizure risk have been identified. This study was performed to examine the association between iron status

Methods: A prospective unmatched case control study was performed in 63 cases of febrile seizures and 65

Results: Serum iron, plasma ferritin, and transferrin saturation were significantly lower in children with febrile
seizures compared to the controls. Iron deficiency, defined as ferritin < 30 ng/mL, was more prevalent in the febrile
seizure group (49.2%) than in the control group (16.9%). Serum iron < 22 ng/dL (odds ratio 3.42, 95% confidence
interval [Cl] 1.31-8.9, P=10.012) and ferritin <30 ng/mL (odds ratio 6.18, 95% Cl 2.32-16.42, P < 0.001) were
associated with increased risk of developing febrile seizures in multivariate logistic regression analysis.

Conclusion: These observations suggest that iron deficiency prior to development of anemia may increase risk of

Keywords: Anemia, Children, Febrile seizures, Ferritin, Iron deficiency

Introduction

Febrile seizures are defined as seizures accompanied by
fever without central nervous systemic infection or
metabolic disorder. It is the most common type of seiz-
ure in the first 5years of life, which affect 2-5% of all
children [1]. Children with simple febrile seizures usually
have a good prognosis, with no evidence of increased
rates of mortality, hemiplegia, or cognitive deficits [2].
Previous studies identified various risk factors for febrile
seizures, including developmental delay, discharge from
a neonatal unit after 28 days, daycare attendance, viral
infections, family history of febrile seizures, certain vac-
cinations, and nutritional deficiencies, including iron
and zinc [3-8]. The prevalence rate of febrile seizures
differ between regions. The recently reported 5 year
prevalence of febrile seizures in South Korea was 6.92%,
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which is slightly higher than mean prevalence of 2—-5%
of all children in worldwide [9]. Although it is a benign
condition, their patients and family may have very fright-
ening experience and high levels of anxiety. In Korean
culture, many parents seek oriental medicine for febrile
seizures, where they may receive unidentified herbal
medicine or acupuncture to their young children [10]. It
is therefore important to determine the preventable risk
factors and give adequate information for their parents
to prevent unnecessary interventions to children with fe-
brile seizures.

Iron is an important nutrient that acts as a cofactor
for several enzymes in the body, as well as playing roles
in the production and function of neurotransmitters,
hormones, and DNA (deoxyribonucleic acid) duplica-
tion. Iron is also essential for enzymes involved in
neurochemical reactions, such as myelin formation, me-
tabolism of some neurotransmitters, and brain energy
metabolism [11]. Iron deficiency anemia is associated
with behavioral abnormalities and impaired cognitive
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function. It has potential for irreversible brain damage if
it occurs during the most active period of brain develop-
ment in young children [12].

Reports regarding the association between febrile sei-
zures and iron status have been inconsistent; some studies
indicated that iron deficiency with or without anemia was
more prevalent in children with febrile seizures [13-18],
whereas others found no association between iron defi-
ciency and febrile seizures [19-21]. Although many stud-
ies have dealt this issue, iron deficiency anemia, however,
is just as important because it is a widespread nutritional
problem and can be prevented by screening and clinical
concerns. Nevertheless, almost all of these previous stud-
ies were conducted in the Middle East, particularly in Iran
and Pakistan, with only a few such studies performed in
other parts of the world. Because the iron status and
prevalence of iron deficiency anemia is highly related to
socioeconomic state, malnutrition, weaning practices,
which is highly dependent on cultural and geographic dif-
ferences [22], the association of febrile seizures and iron
deficiency anemia may vary region to region.

Here, we compared the iron status of children with fe-
brile seizures and controls to investigate the association
between iron status and febrile seizures in children in
South Korea.

Methods

This prospective case control study was performed be-
tween August 2015 and July 2017. The study population
consisted of 128 patients aged 6 to 60 months admitted to
the Department of Pediatrics of Kyung Hee University
Hospital (Seoul, South Korea). Sixty-three children with
febrile seizures and 65 controls with febrile illness only
were included in the study. The parents of all patients pro-
vided written informed consent for inclusion in the study,
which was approved by the Medical Sciences Ethics Com-
mittee of Kyung Hee University Hospital.

The febrile seizure group (n = 63) included patients with
seizure accompanied by fever >38 °C without central ner-
vous system infection or metabolic disorders. The control
group (1 =65) was selected randomly from among chil-
dren admitted for febrile illnesses, such as gastroenteritis,
otitis media, or respiratory tract infections, without seizure
around the same time with the cases. Patients with
chronic cardiovascular, renal, rheumatological or malig-
nant diseases, and hemoglobinopathies, or other blood
disorders were excluded from the study as they were more
likely to have anemia. Patients with central nervous system
diseases such as developmental delay, motor disabilities,
and mental or cognitive defects were also excluded as they
could have nutritional deficiency that may affect the re-
sults of the study. All of the febrile seizure patients and
controls received appropriate diets for their ages without
feeding problems. The febrile seizure and control groups
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were comparable in age, gender distribution, and clinical
characteristics of febrile illness. Routine hematologic in-
vestigation were performed at the emergency department
or 1st day of admission. The laboratory results regarding
blood indices and iron status were analyzed using complete
blood count (CBC), serum iron, plasma ferritin, total iron
binding capacity (TIBC), and transferrin saturation, which
were compared between the two groups. Patients were di-
agnosed with complex febrile seizures if they had experi-
enced prolonged (> 15 min in duration), focal, or repetitive
(more than one seizure within 24 h) seizures [23]. The la-
boratory variables were compared between patients with
complex and simple febrile seizures.

Anemia was defined as a hemoglobin (Hb) level of 2
standard deviations below the normal values for age, i.e.,
Hb < 10.5 g/dL for ages 6—24 months and < 11.5 g/dL for
ages 2-5years. Iron deficiency was defined as serum
iron <22 pg/dL, plasma ferritin <30 ng/mL, or transfer-
rin saturation < 16% [24, 25].

Children with a history of afebrile seizures, any antiepi-
leptic drug medication, central nervous system infection,
neurological deficit, or developmental delay were excluded
from the study.

A pilot study on 60 patients (24 cases and 34 controls)
was performed for sample size estimation. Using
G*power 3.1, based on a =0.05 and study power (1-p) =
0.8, mean ferritin level 38.4 +20.5 ng/mL (cases) and
60.9 + 53.1 ng/mL (control), the sample size of each
group was estimated 52.

The collected data were analyzed using SPSS 21.0 statis-
tical software. The Chi-square test was used for analysis of
qualitative variables, while continuous variables were com-
pared between case and control groups using independent-
samples t-tests. After checking normality of the data by
Shapiro-Wild test, we applied Mann-Whitney U tests for
non-normal data and independent t tests for normally dis-
tributed data. The q-q- plots of hematocrit and serum iron
level are presented in Figs. 1 and 2, representing normal
and non-normal variables. Univariate analysis of all vari-
ables affecting febrile seizures were considered statistically
significant with P <0.10. Multiple logistic regression ana-
lysis was performed to examine the relationship between
iron deficiency and development of febrile seizures. P < 0.05
was taken to indicate statistical significance.

Results

The study population consisted of 63 children in the fe-
brile seizure group and 65 children in the control group.).
The mean age was 27.1 + 13.5 months in febrile seizure
group and 22.8 + 13.3 months in control group (P =0.07).
The mean hemoglobin levels were 12.27 + 0.75 g/dL in the
febrile seizure group and 12.16 + 1.01 g/dL in the control
group; the difference was not significant. Comparison of
the demographic and clinical characteristics between the
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Fig. 1 Q-Q plots of hematocrit level in control group (a) and febrile seizure group (b) shows normal distribution

two groups showed that body temperature was slightly
higher in the febrile seizure group than the control group
(Table 1). There were no differences in age, gender, or
duration of fever between the two groups. The most com-
mon causes of febrile illness were upper respiratory infec-
tion in the febrile seizure group (61.9%) and pneumonia in
the control group (43.1%).

Among children aged 6 to 24 months, two of 65 chil-
dren in the control group and none of 63 children in the
febrile seizure group had anemia. Two older children aged
24 to 60 months in each group had anemia; the difference
was not statistically significant (9.1% vs. 8.7%, respectively,

P>0.05). Table 2 presents a summary of variable indices
of iron status in the febrile seizure and control groups.
Serum iron (18.32 +10.36 pg/dL vs. 25.85 + 18.84 ug/dL,
respectively, P=0.03), plasma ferritin (35.98 +19.36 ng/
mL vs. 56.81 +41.51 ng/mL, respectively, P<0.001), and
transferrin saturation (5.70 +3.30% vs. 8.45 +6.37%, re-
spectively, P =0.01) were significantly lower in the febrile
seizure group compared to the controls.

Ferritin <30 ng/mL (49.2% vs. 16.9%, respectively, P <
0.001) and serum iron < 22 ng/dL (79.4% vs. 55.4%, respect-
ively, P =0.004) were more prevalent in the febrile seizure
group compared with the control group. Comparing the
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Fig. 2 Q-Q plots of serum iron level in control group (a) and febrile seizure group (b) shows non-normal distribution

hematological variables between simple (7 =47) and com-
plex (n=16) febrile seizures, there were no differences in
hemoglobin, serum iron, TIBC, ferritin, or transferrin satur-
ation (Table 3). In addition, the proportion of children with
transferrin saturation < 16% was higher in the febrile seizure
group than the control group (95.4% vs. 86.1%, respectively,
P=0.01) (Table 4). Univariate analysis found that serum
iron, ferritin, and transferrin saturation was significantly as-
sociated with increased risk of febrile seizures with P < 0.10.
In multivariate logistic regression analysis with these signifi-
cant variables, low serum iron <22 ng/dL (odds ratio 3.42,
95% confidence interval [CI] 1.31-8.9, P=0.012) and low

plasma ferritin <30 ng/mL (odds ratio 6.18, 95% CI 2.32—
16.42, P <0.001) were shown to increase the risk of devel-
oping febrile seizures (Table 5).

Discussion

The results of this prospective case—control study indi-
cated that iron deficiency, but not iron deficiency
anemia, was more prevalent in children with febrile sei-
zures compared to controls with febrile illness but no
seizures. In multivariate logistic analysis, low serum iron
and plasma ferritin were shown to be related to in-
creased risk of febrile seizures.
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Table 1 Demographic data and causes of fever in children with
febrile seizures and control group

Febrile seizures Control P-value
(n=63) (n=65)
Age 271 £135 228+133 0.07
Sex 0.22
Male 35 (55.6%) 29 (44.6%)
Female 38 (44.4%) 36 (55.4%)
Duration of fever 37+£19 40420 026
Peak body temperature 395+08 39.1+£09 0.05
Causes of fever
URI 46 (61.9%) 20 (154%)
Pneumonia 8 (12.7%) 28 (43.1%)
Viral illness 9 (14.3%) 1 (1.5%)
Gastroenteritis 0 7 (10.8%)
Lymphadenitis 0 3 (4.6%)
UTl 0 6 (9.2%)

URI Upper respiratory infection, UTI Urinary tract infection

Iron deficiency anemia occurs at similar ages to febrile
seizures and is a prevalent problem, especially in devel-
oping countries, where 44—66% of children under the
age of 4 years are anemic, with half of these cases attrib-
uted to iron deficiency anemia [26, 27].

The association between iron deficiency and febrile
seizure has been examined in a number of studies, but
the results remain controversial.

In a case—control study performed in 1996, Pisacane et
al. [13] reported that iron deficiency anemia was signifi-
cantly more common in febrile seizure cases (30%) than
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in hospital (14%) and population (12%) controls. Subse-
quent case—control studies from Iran and India also in-
dicated an elevated prevalence of iron deficiency anemia
in children with febrile seizures [13, 14, 28, 29]. Mean-
while, a Canadian study showed that children with fe-
brile seizures were twice as likely to have iron deficiency
(plasma ferritin level <30 ng/dL) as were those with fe-
brile illness alone (OR, 1.84; 95% CI, 1.02-3.31), but
there was no significant difference in proportion of
anemia between the two groups [30]. Papageorgiou et al.
[17] also reported that low plasma ferritin <30 ng/dL
was more frequent in febrile seizure cases than in con-
trols (24% vs. 4%, respectively, P = 0.004) in Greece. In a
study performed in Jordan, mean ferritin level was signifi-
cantly lower in cases with first febrile seizures than in con-
trols [15]. In contrast, Amirsalari et al. [31] and Bidabadi
et al. [20] reported no significant association between iron
deficiency status and febrile seizures. Kobrinsky et al. [19]
even suggested that iron deficiency may protect against
the development of febrile seizures. Following these con-
flicting results, four recent meta-analyses indicated that
iron deficiency anemia significantly increased the risk of
febrile seizures with an OR of 1.27-3.78 [25-28]. In the
meta-analysis by Kwak et al. [32], iron deficiency anemia,
diagnosed based on plasma ferritin (OR 3.78; 95% CI, 1.80—
7.94; P<0.001) or MCV (OR 2.08; 95% CI, 1.36-3.17; P =
0.001), was associated with febrile seizures. Karimi et al.
[33] performed subgroup analyses of simple febrile seizures
and first febrile seizures, and obtained an OR of 2.98 (95%
CI, 1.67-5.31) and 2.23 (95% CI, 1.33-3.73), respectively.
Nasehi et al. [34] also reported an increased risk of febrile
seizures in children with iron-deficiency anemia (OR = 1.27,

Table 2 Comparison of major indices for iron state in children with febrile seizures and control group

Febrile seizure Control P-value

(n=63) (n=65)

mean SD mean sSD
Red blood cells (*10 A9 /L) 4.64 0.31 4.63 036 0.54
Hemoglobin (g/dL) 1227 0.75 12.16 1.01 0.77
Hematocrit (%)° 35.96 2.08 35.81 252 0.72
Mean cell volume (fl) 7754 323 7741 3.95 0.75
Mean cell hemoglobin (pg/cell) 2663 1.79 2645 231 0.95
Mean cell hemoglobin concentration (g/dL) 34.15 0.90 33.82 1.84 0.49
Red cell distribution width (%) 13.25 0.76 13.54 1.46 0.49
Reticulocyte (%) 1.71 0.50 1.63 0.83 0.09
White blood cells (*10A9 /L) 12,172.70 5162.00 11,226.31 4354.23 0.18
Platelets 28297 89.34 32843 136.65 0.04
Serum iron (ug/dL) 18.32 10.36 25.85 18.84 0.03
Total iron binding capacity (ug/dL) 32694 4367 31263 48.19 0.05
Ferritin (ng/mL) 3598 19.36 56.81 4151 <0.001
Transferrin saturation (%) 570 3.30 845 6.37 0.01

@ Analysis using unpaired two-sided t-test, other variables were analyzed using Mann-Whitney U tests
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Table 3 Comparison of major indices for iron state in children with with simple febrile seizures and complex febrile seizures

Simple febrile seizures Complex febrile seizures P-

(n=47) (n=16) value

mean SD mean SD
Red blood cells (*10 A9 /L) 4.66 0.31 4.59 031 0.46
Hemoglobin (g/dL) 12.35 0.72 12.03 0.79 0.17
Hematocrit (%) 36.13 2.08 3548 2.07 0.28
Mean cell volume (fl) 7761 336 7734 291 0.77
Mean cell hemoglobin (pg/cell) 26.76 1.95 26.26 117 033
Mean cell hemoglobin concentration (g/dL) 3422 0.84 3394 1.07 0.29
Red cell distribution width (%) 13.23 0.81 13.31 0.60 0.72
Reticulocyte (%) 1.69 045 1.75 063 0.69
White blood cells (*1079 /L) 12,429.36 5207.71 11,418.75 5114.36 0.50
Platelets 29215 90.34 256.00 83.20 0.16
Serum iron (ug/dL)? 17.13 9.02 21.81 13.31 076
Total iron binding capacity (ug/dL) 32494 46.46 33281 3483 0.54
Ferritin (ng/mL) 3449 17.11 4038 24.98 0.30
Transferrin saturation (%)® 541 3.04 6.57 395 0.67

@ Analysis using Mann-Whitney U test, other variables were analyzed using unpaired two-sided t-tests

95% CI, 1.03-1.56), although the ferritin level did not differ
significantly between the two groups in their meta-analysis.
Another subgroup meta-analysis according to the preva-
lence of anemia found a greater risk of febrile seizures in
areas with a low or moderate prevalence of iron deficiency
anemia versus a high prevalence [35]. In the present study,
iron deficiency, defined by a low ferritin level (< 30 ng/mL)
or low serum iron (<22 ng/dL), was associated with an in-
creased risk of febrile seizures, although iron-deficiency
anemia was not associated with febrile seizures. The dis-
crepancies in the association of febrile seizures with
anemia/iron deficiency state may be attributable to differ-
ences in ethnic background, socio-economic status, and ac-
companying nutritional status, as well as to the definitions
of anemia and iron deficiency status used in the different
studies.

Notably, the overall prevalence of iron deficiency
anemia in the present study was 4.7% (6/128), which was
much lower than in previous studies performed in the
Middle East. The low prevalence of iron deficiency
anemia may reflect improved nutritional status in chil-
dren in South Korea. Most of the patients were from the
capital, Seoul, which is a megacity with a high quality of
life. The small number of patients with anemia may have

led to a lack of association between iron deficiency
anemia and febrile seizures. However, iron deficiency it-
self was found to increase the risk of febrile seizures in
the present study.

Iron is an essential nutrient for proper growth and de-
velopment in children. Iron deficiency interferes with
the function of many organs, leading to anemia, abnor-
mal growth and behavior, cognitive deficits, altered
thermoregulation, impaired physical performance, and
immune dysfunction [12, 36]. The effects of iron defi-
ciency on the developing brain have been identified in a
variety of animal studies. Iron is important for catechol-
amine metabolism and for the various enzymes and neu-
rotransmitters present in the central nervous system.
Iron deficiency increases extracellular dopamine and
norepinephrine levels in the caudate—putamen and de-
creases the levels of dopamine D1 and D2 receptors and
monoamine transmitters [37]. Furthermore, iron defi-
ciency in early life alters metabolism and neurotransmis-
sion in major brain structures, such as the basal ganglia
and hippocampus, and disrupts myelination [38]. Infants
aged 6-24 months with iron deficiency anemia are at
risk for poorer cognitive, motor, socioemotional, and
neurodevelopmental outcomes [39]. In addition, iron

Table 4 Proportion of major indices for iron state in children with febrile seizures and control group

Febrile seizures (n =63) Control (n=65) P-value
Transferrin saturation < 16% 62 (95.4%) 56 (86.1%) 0.01
Ferritin <30 ng/mL 31 (49.2%) 11 (16.9%) <0.001
Serum iron <22 ng/mL 50 (79.4%) 36 (55.4%) 0.001
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Table 5 Multivariate logistic regression analysis adjusted for sex and age

Odd ratio Lower 95% Cl Upper 95% Cl P-value
Serum iron < 22 pg/dL 342 1.31 8.90 0.01
Total iron binding capacity (ug/dL) 0.27 0.02 245 0.24
Ferritin <30 ng/mL 6.18 2.32 1642 <001
Transferrin saturation < 16% 4.02 040 40.65 0.24

deficiency is associated with several neurological disor-
ders, such as restless leg syndrome, breath-holding spells,
and attention deficit hyperactivity disorders, which are as-
sociated with increased brain excitability. Recently, Rudy
et al. [40] demonstrated that mice exposed postnatally to
iron deficiency had a decreased seizure threshold and in-
creased seizure susceptibility to certain types of seizures.
The precise mechanism underlying the association be-
tween iron deficiency and brain hyperexcitability has not
been fully elucidated, but the above evidence suggests that
disruption of normal neurotransmitter activity and brain
metabolism may predispose children with iron deficiency
to increased risk of developing febrile seizures.

Iron status may also reflect general health, including nu-
trition, growth, and immunity in children. Poorer general
health status may be associated with febrile seizures via
low seizure threshold or frequent infection [41, 42].

The main limitation of the present study was the po-
tential confounding effect of ferritin as an acute-phase
reactant agent, which can interfere with identifying the
influence of iron status on febrile seizures. However, pa-
tients in both the febrile seizure group and the control
group were enrolled at the time of febrile illness, so it is
supposed that the difference in ferritin level between the
two groups would be significant.

The results of this study were noteworthy based on its
prospective design and its location in East Asia, in contrast
to most previous studies regarding this issue. It is sug-
gested that iron deficiency is a significant issue for chil-
dren worldwide, that clinicians should pay attention to.

Conclusions

Iron deficiency, defined by low ferritin level or low
serum iron, was associated with increased risk of febrile
seizures. Therefore, in children with febrile seizures, we
suggest that clinicians should be concerned for iron sta-
tus even at normal hemoglobin levels. Further studies
are required to determine the detailed pathomechanism
underlying the association between iron deficiency and a
lower seizure threshold. In addition, further prospective
studies are needed to determine whether iron supple-
mentation can prevent the occurrence of febrile seizures.
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