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Abstract

Background Febrile seizures are prevalent in children aged between 6 months and 5 years with an incidence of
2-5%. Iron deficiency is the most common hematologic disease of infancy and childhood with a
period of incidence that coincides with the time of febrile seizures. Although the most common
manifestation of iron deficiency is anemia, it is frequently the source of a neurologic disorders in
pediatrics, including developmental delay, seizure, stroke, breath-holding episodes, pseudo tumor
cerebri, and cranial nerve palsies.

Objective To investigate the association between iron deficiency and febrile seizures.

Methods Two groups (80 for each) of 6 months to 5 years old febrile children were subjected to the study
between 1st of Oct. 2017 to 1st of Oct. 2018. The first group, cases, included children with febrile
seizures admitted to the Pediatric Ward in Al-Imamein Al-Kadhimein Medical City, whereas the
control group, included febrile children, visited the hospital during the same period for febrile
illness. History was taken, physical examination was done. Blood count indices, serum iron, total
iron binding capacity and serum ferritin were estimated. Lumber puncture was done in some of the
patients. Statistical Analysis was done using t-test and Chi-square test (x2), P-value was considered
significant if less than 0.05. Percentages and Odds ratio were estimated. A prevalence of 20-25%
among cases is considered clinically relevant.

Results Both groups were comparable for age and gender (17.5±8.81) and (17.6±8.54) months, male:
female ratio was (1.75:1 and 1.2:1). Family history of febrile seizure were seen in 25% and 13.75%
respectively. Simple febrile seizure was found in (72.5%). The blood indices were lower in patients
than the control group and statistically have significant difference in hemoglobin, hematocrit, mean
corpuscular volume, serum iron and serum ferritin level with a P-value less than 0.05. A total of 36
(45%) of the cases had iron deficiency, compared to 12 (15 %) of control respectively with P-value
less than 0.05.

Conclusion Iron deficiency was more frequent among children with febrile seizure than those with febrile
illness alone. The results suggest that iron deficiency may be a risk factor for febrile seizure.
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Introduction
ebrile seizures (FS) are the commonest
cause of seizures in children, occurring in
2-5% of children (1). Most febrile seizures

are considered simple, those with focal onset,
prolonged duration, or that occur more than
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once within the same febrile illness are
considered complex (2). Iron deficiency is the
most common nutritional deficiency. In the
United States, 8-14% of children ages 12-36
months are iron deficient, and 30% of this
group progresses to iron-deficiency anemia (3).
Iron deficiency anemia (IDA) in early life is
related to altered behavioral and neural
development (4). Although the most common
manifestation is that of anemia, iron deficiency
is frequently the source of a host neurologic
disorders presenting to general pediatric
neurologic practices. These disorders include
developmental delay, seizure, stroke, breath-
holding episodes, pseudo tumor cerebri, and
cranial nerve palsies (3,5). There is support for
iron deficiency with or without anemia causing
these defects (3). Evaluation of iron status is
encouraged to be performed in children with
febrile seizure (6).
This study aimed to investigate the association
between iron deficiency and febrile seizure.

Methods
A hospital-based case control study consisting
of infants and children aged between 6 months
to 5 years. They were evaluated at the
Department of Pediatrics, in Al-Imamein Al-
Kadhimein Medical City, Baghdad during the
period between October 1st 2017 to October
1st 2018. Family approval and approval by
ethical review body was taken. Eighty children
presented with FS were included in the study,
while another 80 children who presented with
febrile illnesses without seizures were
recruited as control. They attended outpatient
clinic for upper respiratory tract infection,
gastroenteritis, urinary tract infection or
nonspecific causes of fever and all were normal
children without previous abnormal neurologic
manifestations. Both groups are age and sex
matched. Information regarding name, sex,
age, residence, number of fits, type of fits,
duration of fit, duration of fever, onset after
fever, associated symptoms, family history (in
the first- and second-degree relatives) of
febrile convulsion, epilepsy and developmental
delay. Physical examination was done.

A febrile seizure was defined as seizure that
occur between the ages of 6 and 60 months
(peak 12-18 months) with a temperature of 38
°C (1). The cases of FS were divided into 2 types
(simple and complex). A case was considered
as a complex if one or more of the following
criteria were present (duration is >15 min,
repeated seizures occur within 24 hr, focal
seizure activity or focal findings are present (7).
Investigations were done including complete
blood picture (CBP), hemoglobin level (Hb),
mean corpuscular hemoglobin concentration
(MCHC), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), red cell
distribution width (RDW), serum ferritin, serum
iron and total iron binding capacity (TIBC) were
estimated.
Iron deficiency was defined as the presence of
Hb concentration <11 g/dl, hematocrit < 33%,
MCV <70 fl, RDW >14% with blood film shows
hypochromic, microcytic red blood cells (RBC)
and serum iron concentration of <30 μg/dl,
serum ferritin concentration <12 µg/dl and
TIBC >480 µg/dl (3). A serum ferritin level below
30 μg/dl is an indicator of iron deficiency status
and level below 12 μg/dl indicates IDA (3). Since
serum ferritin is acute phase reactant and its
level is increased in any inflammatory
conditions, in presence of fever a higher cut-off
value of serum ferritin (30 µg/dl) will be taken
(3).
Cerebrospinal fluid (CSF) examination was
done to rule out central nervous system (CNS)
infections with indications such as age <12
months, complex febrile seizure or persistent
lethargy. Lumbar puncture (LP) was done for
16 patients, all with negative findings regarding
meningitis. LP not performed for 12 patients
because their parents refused the procedure
while other 72 were not meeting the LP
indicative criteria for FS.
Statistical analysis was done using SPSS
program version 22nd for Windows. Descriptive
statistics presented as (mean±standard
deviation) and frequencies with percentages.
The Chi-square test was used for comparison of
categorical variables, Fishers exact test was
used when total of expected variables was less
than (20%). Independent sample t-test was
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used to compare between two means. In all
statistical analysis. P-value considered
significant if less than 0.05, highly significant if
less than 0.01. We assumed that a prevalence
of 20-25% among cases would be clinically
relevant.

Results
A total of 80 cases, and 80 control were
collected, the majority of both were between
13 to 24 months of age. The mean age of cases
and control was (17.5±8.81) and (17.6±8.54)
months, respectively as it is shown in table 1.

Table 1. Age distribution of the studied groups

Age in months
Cases Control

P-value
No. % No. %

6-12 17 21.2 17 21.2

0.9 *NS
13-24 39 48.8 37 46.2
25-36 13 16.2 16 20.0
37-48 9 11.3 7 8.8
49-60 2 2.5 3 3.8
Total 80 100 80 100

* Fishers exact test, NS=Not significant

Of the cases, 51 (63.75%) were males and 29
(36.25%) were females with a male to female
ratio of 1.75:1 while in the control, 44 (55%)

were males and 36 (45%) were females with a
male to female ratio of 1.2:1 as it is shown in
table 2.

Table 2. Gender distribution of patients and control group

Groups
Males Females

P-value
No. % No. %

Cases 51 63.75 29 36.25
0.1 *NS

Control 44 55.0 36 45.0
* Fishers exact test, NS=Not significant

Of the patients group 59 (73.75%) were from
urban area and 21 (26.25%) were from rural
area while 54 (67.5%) of the control were from
urban area and 26 (32.5%) from rural area.
Variables found to be significantly associated
with FS included male gender, iron deficiency,
family history of febrile seizures in first-degree
relatives, family history of epilepsy in first-
degree relatives and history of taking iron
supplements as well as temperature on
admission as shown in table 3.

Among 80 cases, 64 (80%) cases presented
with history of first episode of simple febrile
seizures and the rest 16 cases (20%) presented
with history of multiple episodes of febrile
seizures in the past. From the 80 cases, 22
cases (27.5%) had complex seizures and 58
(72.5%) cases had simple FS. Table 4 shows
lower indices of hematology results found in
cases in comparison with control with
statistically significant in Hb, PCV, MCV, SF, SI,
RDW, and higher TIBC (P-value < 0.05).
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Table 3. Differences in demographic characteristics

Variable
Cases = 80 Control = 80

P-value
No. % No. %

Gender male 51 63.75 44 55.0 0.023a S
Gender female 29 36.25 36 45.0 0.254a

Family history of febrile seizure 20 25.0 11 13.75 0.004a S
Family history of epilepsy 4 5.0 2 2.5 0.041a S

Upper respiratory tract infection 47 58.75 48 60.0
0.910aGastroenteritis 25 31.25 26 32.5

Other illnesses 8 10.0 6 7.5
Iron deficiency 36 45.0 12 15.0 0.050a S

History of taking iron supplements 58 72.5 54 67.5 0.003a S

Age in months (mean±SD) 17.5±8.81 17.6±8.54 0.909b

Temperature on admission (ᵒC) 38.9±0.77 38.5±0.63 0.003b S
a: Chi Square, b: t-test, S=Significant

Table 4. Hematological indices in cases and control

P-value 
Control Cases

Variable 
Mean± Standard deviation Mean± Standard deviation

0.042 *S 12.06±0.97 10.99±1.46 Hemoglobin (g/dl) 
0.029 *S 34.39±2.38 32.41±5.36 Hematocrit (%) 
0.582 35.08±2.66 33.06±1.76 MCHC(g/dl) 
0.206 26.55±8.58 24.54±2.79 MCH (pg/cell) 

0.047 *S 74.92±7.11 70.94±5.44 MCV (fl) 
0.012 *S 19.78±10.45 16.57±13.84 S. Ferritin (ng/ml)
0.01 *S 43.36±12.94 33.9±18.07 S. Iron (µg/dl)
0.01 *S 325.6±8.62 390.56±5.67 TIBC (µg/dl)
0.05 *S 24.38±4.0 43.65±4.5 RDW (%)
0.14 4.64±0.6 3.39±0.2 RBC/mm3

* t-test, S=Significant

In the present study, 46 of 80 cases (57.5%)
had normal peripheral smear and the rest
42.5% (34 cases) had abnormal smear i.e.,
microcytic and hypochromic RBCs, compared
to 86.25% of the controls (69 subjects) having
normal peripheral smears and 13.75% (11
subjects) had abnormal peripheral smears. Chi
square test value was (9.72, with P-value of
0.001). According to parameters mentioned, 36

(45%) cases and 12 (15%) control had iron
deficiency, which is statistically significant
(X2=4.32, P-value less than 0.05, Odd ratio=
3.16, 95% C.I. 2.07 to 4.24) as it is shown in
figure 1.
In children with iron deficiency, simple FS is
more frequent and seizure is longer as it is
shown in table 5.
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Figure 1. Cases and control with iron deficiency anemia

Table 5. Comparison of type of febrile seizure and seizure duration in children with and without
iron deficiency

Type of Seizure
Cases with ID Cases without ID Total No. of

cases
P-value

No. % No. %
Simple FS 23 41 35 59 58

0.04a S
Complex FS 13 59 9 41 22

Total 36 100 44 100 80
Duration of seizure
in minute (mean ±SD)

7.52±3.77 5.17±2.95 0.01b S

a: Chi Square, b: t-test, S=Significant

Discussion
The selection of this age group 6 months to 5
years for the study purpose came because FS
usually occur in this period and this may be
related to the higher incidence of viral upper
respiratory tract infections at this age group (8).
Also, the highest incidence of IDA is between
the ages of 6 months and 24 months but it is
not uncommon up to the age of 5 years (3).
In this study, the majority of FS occur between
6 months and 3 years of age, with the mean
age of (17.5±8.81) months, with higher
incidence of seizures in boys than girls, which is
in agreement with previous studies (9,10). There

is also higher proportion of children from the
FS group with a family history of epilepsy,
which is in agreement with previous study (11).
The higher prevalence in the urban area can be
attributed to sample collection.
There is a controversy regarding the role of
‘‘iron status’’ in the occurrence of FS. This
study reported a significantly higher rate of IDA
among children with FS (36/80 cases vs. 12/80
controls). These findings are in agreement with
other studies, which showed that anemia was
significantly more common in cases (30%) than
hospital (14%) and population (12%) (12,13).
Hartfield et al. from Canada (2009) reported
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that children with febrile seizures were twice
as likely to have iron deficiency as those with
febrile illness alone (14). While Bidabadi et al.
in Iran (2009) suggested that IDA was less
frequent among the cases with FS, as
compared to the control (15). These differences
in observations among these studies may be
due to the differences in age groups,
ethnicities, sample sizes of groups and
nutritional status of subjects.
Serum ferritin is lower in cases than the control
group, which is in agreement with Daoud et al.
in Jordan (2002), the mean serum ferritin level
in the cases was 29.5 µg/l, much lower than
the values in the control (53.5 µg/l) (16). Similar
observations were seen in a study done by
Vaswani et al. in India (2010) (17).
It is known that ferritin is an acute-phase
reactant that increases nonspecifically in
response to any febrile illness (12,18). Fever,
however, was present in all patients in the two
groups, therefore differences in ferritin
concentration between the two groups cannot
be explained by fever alone although fever can
worsen the negative effects of anemia or of
iron deficiency on the brain and a seizure can
occur as a consequence. Alternatively, anemia
can be associated with the severity of a febrile
illness, and more severe cases of anemia could
be more likely to get seizures (12).
Iron deficiency is affecting cases with simple FS
23/58 more than complex FS 13/58 with
significant variable result, which is in
agreement with a study done by Sharif et al. in
Iran (2016) (19).
The association of iron deficiency with an
increased risk of FS can be explained by the
following, iron deficiency might lower the
seizure threshold (20). IDA in early life is related
to altered behavioral and neural development.
Studies in human infants suggest that this is an
irreversible effect that may be related to
changes in chemistry of neurotransmitters,
organization and morphology of neuronal
networks, and neurobiology of myelination (4).
Animal studies have shown that iron deficiency
affects myelination, as well as enzymes
(tyrosine and tryptophan hydroxylase), which
are involved in the synthesis of
neurotransmitters. Degradation of

neurotransmitters is altered, and extracellular
levels of noradrenaline and dopamine are
elevated (21). In addition, the function of Thy-1,
a cell adhesion molecule that plays a regulatory
role in the release of neurotransmitters from
vesicles, is altered (22). Thy-1 deficiency may
affect the release of neurotransmitters and
synaptic efficacy, and could contribute to a
variety of abnormal neuron-neuron
communications. Iron deficiency cause
reduction of neurotransmitters release
(glutamate dehydrogenase, glutamic acid
decarboxylase, and GABA-transaminase (GABA-
T) in brain (23), (selectively GABA) is postulated
to predispose to a situation of hyper-
excitability, and thus, may account for the
pathophysiologic association of iron deficiency
to the occurrence of seizures (24).
This study concluded that FS are more common
in males. Mean hemoglobin and PCV, MCV,
serum iron and serum ferritin were lower
among the children with FS. There is significant
association between IDA and FS, as low body
iron status may decrease the threshold of
seizure and be a risk factor for the
development of FS.
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