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ABSTRACT:-

Background: The aim of our study was look for association between iron deficiency anemia with febrile
seizures. Prior to our study several other studies have given a conflicting data regarding this association
and therefore it was high time for us to confirm this association

Methods: This was a hospital based case-control study which was conducted over a period of 1 year. We
enrolled 50 cases and 50 controls. Cases included patients who had a seizure episode following febrile
illness. Control group comprised of children of same age group with a febrile illness but without a
seizure.Parameters which were determined in each sample of study group; Hb, MCV, MCH, MCHC, Serum
Iron, Serum Ferritin, Transferrin saturation, TIBC. The data collected was analyzed and Scrutinized by
Statistical package for social sciences (spss) and Minitab 11.30. Chi-square test and student-t test were
applied to draw the inferences.

Results: By applying logistic regression, we saw odds ratio of 1.064(C.l 1.032-1.097) for iron deficiency
patients to have febrile seizures (p<0.0001).

Conclusion: The results of our study suggest that IDA is a risk factor for febrile seizures and screening for
IDA should be considered. Early detection and timely correction of iron deficiency may be helpful for
prevention of simple febrile seizures in children of this age group.

Introduction:

intracranial infection or history of a previous
unprovoked seizure.®*®®, Febrile seizures are age
dependent and are rare before the age of 9 months

Seizures are common in pediatric age group and
occur in approximately 10% of children!?.
Seizures are a common neurological symptom in

sick children and are common causes of pediatric
admission to hospitals®*. In children they include
febrile seizures, acute symptomatic seizures (e.g.in
a child pyogenic meningitis) and seizures in a child
with epilepsy®*°®. Febrile seizures are the most
common type of seizures in infants and small
children and are triggered by fever occurring in 2-
5% of children®’. A febrile seizure is defined as a
seizure occurring during fever with rectal
temperature of at least 38.3°% or an axillary
temperature of at least 37.8% during fever,
between the ages 6 months to 5 years in absence of
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and after 5 years of age, with peak incidence at
approximately 18 months of age®%!, Average age
of febrile seizures has been found to be 23.3
months by Nelson and Ellenberger. Studies have
shown that the period of most rapid postnatal
hippocampal growth is between birth and 24-36
months which closely corresponds with the time
period during which almost infants and children
are susceptible to febrile seizures, 95% of cases
occurring before 36 months!23, Febrile seizures
result from a combination of both environmental
and genetic factors.2*1415, 249% of those who have
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febrile seizure have a positive family history of
seizures with 4% having family history of
epilepsy*1®Y’. Linkage studies in several large
families have mapped the gene to chromosome 19p
and 8g13-21. An autosomal dominant inheritance
pattern has demonstrated in some families 2491819,
Iron is a nutritional element not only needed for
the synthesis of hemoglobin, but is also essential
for enzymes involved in neurochemical reactions.
Neurological symptoms like poor attention span,
learning deficits, weak memory, delayed motor
development and behavioral disturbances caused
by iron deficiency are well known?%2:22,

Iron is important for normal neurological functions
like Neurotransmitter metabolism®,  Myelin
formation® & Brain energy metabolism?°26:27:28,

Further the fact the fever can worsen the negative
effects of low serum ferritin on brain and trigger a
seizure, provides a clue towards the role of iron
deficiency anemia in the causation of  febrile
seizures. Thus it is possible that iron deficiency
may predispose to other neurological disturbances
like febrile seizures. Age for peak incidence of
febrile seizures is 14 to 18 months which overlaps
with that of iron deficiency anemia which is from 6
to 24 months?>:3C,

Methods:

The study was a hospital based case-control study
which was conducted in the department of
pediatrics at a tertiary care teaching hospital in
North India. The study was conducted over a
period of 1 year. We enrolled 50 cases and 50
controls in this study. Cases were defined as those
patients in age group of 6 months to 5 years who
had a seizure episode following febrile illness, in
absence of a CNS infection. Control group
comprised of children of same age group with a
febrile illness but without a seizure following
febrile illness in them. Controls were group
matched to cases on age and sex.

On an average around 335-470 cases of febrile
convulsions are admitted in our hospital annually.
15% of expected admission of febrile convulsions
was taken as the sample size for cases. Keeping
this in view and by applying power of 95% and
alpha error of 0.05 and sample proportion of 1:1
for cases and controls, 50 cases and 50 controls
were enrolled in this study.
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Exclusion criteria:
A) Children with metabolic diseases
B) Children with connective tissue disorders

C) Children with CNS diseases and infections or
congenital or acquired abnormalities of CNS.

D) Children with genetic abnormalities with
known risk for seizure.

E) Children with known history of seizure
disorder.

F) Thallasemia
Inclusion criteria:

A) All children of age group 6 months to 5 years
with febrile illness with otherwise healthy

B) Fever more than 38.4 degree Celsius

C) In a child experiencing febrile seizures, one
of the below listed seizure manifestations
were experienced

Twitching and jerking of face and
extremities.

Up rolling of eyeballs.

Stiff body

Unconsciousness

Inability to talk

Problems with breathing

Involuntary urination and/or defecation.
Frothing from mouth

Seizure details, focus of febrile illness, family
history of epilepsy/febrile seizures were recorded
for all cases and controls.

Parameters which were determined in each sample
of study group; Hb, MCV, MCH, MCHC, Serum
Iron, Serum Ferritin, Transferrin saturation, TIBC.

Iron deficiency anemia was defined as:
Hemoglobin <11g/dl, MCV <70fl, MCH <27pg,
MCHC <30gm Hb/dl RBC, Plasma ferritin <12
mcg/l, Serum iron < 40mg/dl, Transferrin
saturation < 16%, TIBC >430mcg/dl. In presence
of fever, a higher cut-off value of plasma ferritin
(25-50mcg/l) was considered. The data collected
was analyzed and Scrutinized by Statistical
package for social sciences (SPSS) and Minitab
11.30. Chi-square test and student-t test were
applied to draw the inferences.
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Results:

Table 1: Age & Sex distribution of patients with
febrile seizures.

Age Male Female | Total
(Year)

6 Mon-|5 4 9

lyr

1-2 19 12 31
2-3 3 2 5

3-4 2 1 3

4-5 2 0 2
Total 31(62%) 19 (38%) | 50

Table 2: Age and type of febrile seizures.

Fig. 1: Common focus of infections associated
with febrile seizures.

Pie chart showing infections
commonly associated with febrile
seizures
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The above pie chart shows that URTI was the most
common infection which was associated with
febrile seizure followed by acute gastroenteritis.

Table 3: Relationship of peak temperature with
febrile seizure.

Age (Year) | Typical Atypical | Total Cases Controls
6 Mon-1yr | 8 (88.8%) 1(11.2%) |9
Mean Temp. (°C) | 38.82 38.59
1-2 26 (83.8%) |5(16.2%) | 31
Standard 0.60 0.45
- 0, 0,
2-3 4 (80%) 1 (20%) 5 Deviation
3-4 2 (66.6%) 1(33.4%) |3 95% Confidence | 38.65-39.01 | 38.46-38.72
Interval
4-5 1 (50%) 1 (50%) 2
P —value 0.03
Total 41 (82%) 9(18%) |50

The above table and graph show that typical febrile
seizure was more common than atypical febrile
seizure in the age group of 1-3 years (83.3% vs
16.7%).

The above table and graph also show that typical
febrile seizure was more common in overall age
group as compared to atypical febrile seizure (82%
vs 18%)
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The above table shows that peak temperature
among children with febrile seizure was 38.82°C
which was higher than 38.57 °C seen in control
group. This relationship was statistically
significant with p value of 0.03.
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Table 4: Comparison Of Various Indices Of |Iron Status In Cases And Controls:

Variable | HB MCV MCH MCHC SERUM SERUM | TRANSFER | TIBC
FERRITIN | IRON RIN
SATURATI

ON

Cas | Cont | Cas | Cont | Cas | Cont | Cas | Cont | Cas | Cont | Cas | Contr | Cas | Cont | Cas | Cont

es rols | es rols | es rols | es rols | es rols | es ols €s rols | es rols

MEAN 10.7 | 114 | 70.3 | 75.2 | 239 | 255 | 30.9 | 31.8 | 38.1 | 43.3 | 74. | 88.28 | 29. | 34.9 | 312. | 290.

MEDIA | 109 | 11.6 | 705 | 75.8 | 23.9 | 25.6 | 30.0 | 31.3 | 37.9 | 425 | 73. | 90.00 | 28. | 36.0 | 320. | 287.

N 0 0 00 50 00 |50 50 00 00 00 |0 50 50

STAND | .977 | .955 | 3.84 |3.74 | 149|171 | 203|173 | 443|503 |13. | 1535 |54 |6.48 | 326 | 26.2

ARD 9 6 4 6 6 065 | 3 48 | 4 60 23
DEVIAT

ION

95% 105 | 11.2 | 69.2 | 742 | 23.5 | 25.0 | 30.3 | 31.3 | 36.8 | 41.8 | 70. |83.92 | 27. | 33.1 | 303. | 283.
CONFI 04- | 04- | 29- | 25- |66- |34- |67- |37- |81- |98 |37- |- 95- | O- 68- | 25-

DENCE | 11.0 | 111. | 714 | 76.3 | 244 | 26.0 | 315|323 | 39.4 | 447 | 77. | 92.64 | 31. | 36.7 | 322. | 298.

INTERV | 59 747 | 18 54 18 10 04 22 02 61 79 05 |8 24 15
ALS

P <0.0001 <0.0001 <0.0001 0.022 <0.0001 <0.0001 | <0.0001 <0.0001
VALUE

Table 5: Impact Of Iron Deficiency On Febrile Seizures On Logiostic Regression Scale

ODDS RATIO 95% C.1 P-VALUE
SERUM IROM 1.064 1.032-1.097 <0.0001
The above table shows that with odds ratio of regression that there is strong association between

1.064(C.1 1.032-1.097) by applying logistic iron deficiency and febrile seizures (p<0.0001).
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Discussion:

Seizures are common in pediatric age group and
occur in about 3-5% of children. Among the
pediatric seizures, febrile seizures comprise the
bulk of seizures.

Various risk factors have been found to with
associated with febrile seizures. But till now no
definite factor has been found.

This study was conducted to see whether there
exists any association between iron deficiency
anemia and febrile seizures. This study was
conducted in the post-graduate department of
Pediatrics in a tertiary care teaching hospital of
north India over a period of one year. 50 children
(including infants) with age between 6 months to 5
years who had presented with febrile seizure were
included in the study group. An age and sex
matched control group was chosen from children
presenting with febrile illness but without seizures.

Our study showed that most common age group for
the occurrence of febrile seizures was 1-2 yrs. It
was also seen that incidence of febrile seizures was
more in males (62%) than in females (38%). These
findings are consistent with the previous studies by
Bidabadi et. al*. Wei et al'® had also obtained
similar results. The higher incidence of febrile
convulsions in males compared to females has also
been found in Chinese, Malay and other parts of
world®. Febrile seizures were most commonly
seen in the children aged between 1-2 years with a
mean age of 20.42 months. Similar results were
observed by Aicardi et al** and Stafstorm et al** in
their studies. Higher incidence of febrile illness in
this age group may be the cause for most of the
febrile seizures occurring in this age group.

Our study revealed that typical febrile seizures
were more common than atypical febrile seizures
in all children between 6 months & 5 years of age
(82% vs 18%). This finding is consistent with the
study done by Bidabadi et al*!, in whose study
simple febrile seizures had occurred in 66% of
total patients as against 34% having of complex
seizures. Similar results were also obtained by
Tahir et al*C,

The study showed that mean peak temperature in
patients with febrile seizure was 38.82°C which
was higher than mean peak temperature of 38.6°C
in controls (p=0.03).This finding was consistent
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with the studies done by Bidabadi et al*!, Berg et
al®.

Out of 50 cases 12 had a family history of seizures,
as compared to only 4 patients in the control group
(p= 0.03). This higher incidence of febrile seizure
in patients with positive family history of seizures
suggests that genetic factors play an important role
in susceptibility to febrile convulsion as is shown
by linkage analysis studies. Linkage studies have
identified chromosomal loci for febrile seizures-
FEB1 at 8q, FEB2 at 19p, FEB3 at 2q, FEB4 at 5q
and FEBS5 at 6g3. This finding has been confirmed
by other studies like Abu-khalil et al®®, Hirose et
al®’, Kugler et al*® and Bidabadi et al®.

In our study mean Hb(g/dl) in cases was 10.78
+0.977g/dl as against 11.47+0.955g/dl in control (p
value <0.0001). Mean MCV in cases was
70.32+3.849fl as against 75.29+3.74fl in control
group (p value <0.0001). Mean MCHC in cases
was 30.946+2.036g/dl compared to 31.83%1.734
g/dl in controls (p value 0.02). Mean MCH in cases
in our study was 23.992+1.49pg as against
25.522+1.716pg in control group (p value
<0.0001). Thus it is seen that Hb , MCV, MCH,
MCHC were significantly low in cases compared
to control group. These findings were consistent
with the results which were observed by Naveed-
ur-Rehman et al®® in his study, thus pointing
towards the role of iron deficiency in febrile
seizures.

Comparing the iron profile indices of our study
between cases and controls we found that mean
serum ferritin level in case group was
38.142+4.436ug/dl as compared to
43.330+5.036pg/dl in  control group(p value
<0.0001). Mean serum iron level in the case group
was also significantly lower than the control group
(p value <0.0001). Similar pattern was seen for
mean transferrin saturation, with a mean of
29.50+5.448 in cases compared to 34.94+6.484 in
control group (p value< 0.0001). The total iron
binding capacity in cases was 312.96+32.660pg/dI
which was also significantly higher than control
group 290+26.223ug/dl (p value <0.0001). The
results of our study were consistent with previous
studies. On logistic regression, a strong association
was seen between iron deficiency and febrile
seizures (p<0.0001, odds ratio 1.064).

Iron deficiency was found as a significant risk
factor for simple febrile seizures in children of age
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group 6 months to 5 years in our study. In a study
by Pisacane, et al*®, similar results were noted
with, an odds ratio of 3.3 (95% CI of 1.7-6.5). Iron
status was measured by hemoglobin, MCV and
serum iron in that study. Daoud, et al** also found
similar results in children with febrile seizures.
They found cases almost twice likely to have iron
deficiency compared to controls. In the study done
by Daoud, et al*, significance of iron status as a
possible risk factor was evaluated. The mean
serum ferritin level in the cases (29.5 mcg/l) was
much lower than in the controls (53.5 mcg/l).
Similar observations were made in a study done by
Vaswani, et al*?. The mean serum ferritin level was
significantly low in children with first febrile
seizures (31.9+31.0 pg/dl) as compared to controls
(53.9£56.5 pg/dl) (P=0.003). However, no
significant difference was noted in the mean
hemoglobin value of cases (9.4+1.2 g/dl) and
controls (9.5+1.0 g/dl) (P=0.7), or in the mean
value of blood indices. In our study, iron
deficiency was diagnosed by taking into
consideration the criteria i.e. hemoglobin, mean
corpuscular volume, mean corpuscular
hemoglobin, mean corpuscular  hemoglobin
concentration, serum  ferritin, serum iron,
transferrin saturation, total iron binding capacity
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