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Highlights

Greek children with FS have lower levels of pladeratin and higher levels of TIBC than controlsyglying an

association with iron deficiency although haemogldbvels were non-significantly higher

In children with complex FS, the levels of plasreaifin are significantly lower and TIBC significty higher

than controls.

Children in whom the index febrile seizure was@ureence were more likely to be iron deficient with a higher

haemoglobin and mean cell haemoglobin concentrétian those with a first seizure



Abstract

Objective: The relationship between iron status and febriieuses has been examined in various settings,
mainly in the Developing World, with conflictingselts. The aim of this study was to investigate any
association between iron deficiency and febrilewwas (FS) in European children aged 6-60 months.
Design: Prospective, case-control study

Setting: Greek population in Thessaloniki

Patients: 50 patients with febrile seizures (cases) and B@rals (children presenting with fever, without
seizures).

I nterventions: None

Main outcome measures. Haematologic parameters (haemoglobin concentratia@matocrit, mean
corpuscular volume, red cell distribution widthlagma iron, total iron-binding capacity, plasmaifar,
transferrin saturation and soluble transferrin ptoes were compared in cases and controls.

Results: Plasma ferritin was lower (median [range]: 42.828%.7) vs 58.3 (21.4-195.3 ng/ml; p=0.02) and
Total Iron Binding Capacity (TIBC) higher (meang8tard Deviation] 267 [58.9] vs 243 [58.45] ug/dl,
p=0.04) in cases than in controls. Results wendai for 12 complex FS cases (ferritin 30 (3-12189
(41.8-141.5 ng/IL; TIBC 292.92 [68.0] vs 232.08 [3B] ug/dL). Iron deficiency, defined as ferritin
<30ng/ml, was more frequent in cases (24%) thatraisn(4%; p=0.004). Ferritin was lower and TIBC
higher in 18 with previous seizures than in 32 vaitfirst seizure although haemoglobin and mean cell
haemoglobin concentration were higher.

Conclusions. European children with febrile seizures have lofemritin than those with fever alone, and
iron deficiency, but not anaemia, is associatet véturrence. Iron status screening should be deresd as

routine for children presenting with or at highkrfer febrile seizures.



I ntroduction

Febrile seizures (FS) are the most common typeiafiees in children (2-5%) (1-3). FS, although fitening
to caregivers, are benign, and the risk for epildpBowing an episode of simple FS is no grealtemtthat
of the general population (4). There is a substaliterature examining risk factors including: e
family history for FS or epilepsy (5), maternal simg or alcohol consumption during pregnancy (&rpes
type 6 or 7 infection (7) and nutritional deficiéesincluding zinc (8) and iron (9). Iron playsriical role
in the metabolism of several neurotransmitters el a8 in myelination (10-12) and deficiency isasated
with a number of neurological conditions in childiecluding developmental delay, stroke, breattding
attacks and cranial nerve palsies (11,12). Iroicigfcy (ID) might therefore lower the seizure sireld
(14) but there is controversy over whether thesmisssociation with FS (9, 13-24), most conduisctete
Developing World (24). In this study we investigatkether there is any association between ID and

occurrence of FS in Greek preschoolers.

Patients and M ethods

The present study is a prospective, case-contrdiydbllowing patients from March 2009 to March 201
Consecutive children with FS (simple and complekiited to the T Pediatric Clinic, “Hippokratio”
General Hospital, Thessaloniki, Greece, aged 6-60ths were considered for inclusion in the studyotal
of 50 children with FS (cases) were enrolled. Arefice group of 50 children (controls) were setkcte
among children hospitalized for a febrile illnelsat without seizures. Controls were matched tosase
gender and age (6-60 months). Exclusion criterigenage <6 months or >60 months, history of afebril
seizures, any anti-epileptic drug usage, historgesfous head trauma or central nervous systeratiofe
chronic disease and neurologic deficit or develamadedelay. The University’s Ethics review board
approved the use of human subjects and writtemriméd consent was obtained from parents or legal
guardians.

For each case and control a thorough personalrhigtas taken. Information on the perinatal perioclided
gestation, type of delivery (caesarian sectionaminal), birth weight, smoking or alcohol consuropti
during pregnancy and perinatal problems. Persdstiry documented included: breast-feeding duration
vaccination status, history of various illnessesnher of febrile episodes per year, previous siggepast

admissions to hospital, history of head trauma,dmyg usage and developmental milestones. Details



regarding family history were obtained as to presesf hereditary disease and/or positive historyfdbrile
and afebrile seizures.

FS were defined according to the National Institftelealth consensus statement (2) and categoaized
simple or complex (3). Simple FS were generalit&sting <15 minutes, occurring only once in 24 lsoamd
not provoking any neurological abnormality afteg fpisode, in an otherwise neurologically healthidc
FS were complex if they were focal, of longer diarai(>15 minutes), occurred more than once in 24r$10
and/or caused neurologic deficit (such as Todd'alysis). FS or multiple episodes of FS lasting >30
minutes without the patient gaining consciousnesbhé meantime were defined as Febrile Status |Rjiles
(FSE) (3).

Morning venous blood samples were collected frdnsades and controls for Haemoglobin, Haematocrit,
Mean Cell Volume (MCV), red cell distribution wid{RDW), plasma iron, total iron binding capacity
(TIBC), plasma ferritin, soluble Transferrin facReceptor (STfR) and transferrin saturation, duthmgfirst
3 days of fever. Haemoglobin, Haematocrit, MCV &DBW were part of a complete blood count (Abbott
analyzer, Cell Dyn 3700). Plasma iron and TIBC waeasured by using Olympus Medicon AU2700
analyzer. Transferrin saturation was calculatedgithie formula: (plasma iron/TIBC)x100. Plasmaifierr
was measured using an immuno-enzyme method wittopacticles (AxSym System, Abbott). For the
guantitative measurement of sTfR the enzyme-linkadunosorbent (ELISA) assay was used (Quantikine,
R&D systems, Minneapolis, MN). Anaemia was defiaschaemoglobin levetsl 0.5 g/dl for children 6-24
months and11.5 g/dl for children 24-60 months (22, own unjsHed data). ID was defined as plasma
ferritin levels<30ng/ml, in the context of a febrile-infectiousehse (25).

All continuous variables (e.g Haemoglobin, MCV) weompared among cases and controls using
independent t-tests unless the data were skewadndien the Mann-Whitney test was used, while
categorical variables were compared usfhdtatistical significance was set at@05. Statistical analysis

was performed with use of the Statistical Packagehfe Social Sciences (SPSS) (PASW 18.0).

Results

Demographics

There were a total of 50 cases and 50 controlse tivere no differences in age or gender (Tablédong
the 50 cases, 36 (72%) had simple FS, while 14 J2&% either complex FS or FSE. Among the twelve

cases with complex FS, two (17%) seizures wereopg#d (>15"), seven (58%) were recurrent during the



same day, one (8%) was recurrent and focal andx#&) were prolonged and recurrent during the same
day.

Cases and controls all had normal clinical exanonaand psychomotor development. Respiratory tract
infections were the most common cause of feverthek were no differences in aetiology betweensase

and controls (Table 1).

Indices of iron deficiency in cases and controls

Plasma ferritin levels were significantly lowerdases than in controls (Table 2). TIBC was sigaifity
higher in cases than in controls (Table 2). MCH BeHC were significantly higher in cases than colstr
(Table 2) while Haemoglobin concentration was higheases than in controls, although the diffeeenc
failed to attain statistical significance (Table 2)

ID was found in 14 of the 100 children in the sti{@%%). In particular, 24% of cases (12/50) weoa ir

deficient and only 4% (2/50) of the controls (Fiské&xact test, p=0.004).

Indices of iron deficiency in complex febrile seizures

For the 12 cases with complex FS and their matcbettols, haematological status is provided in &&blin
this subgroup also, plasma ferritin levels weraifigantly lower (Table 3) and TIBC was significint
higher in cases in comparison to controls (Tablé&s8) of 12 (50%) of the children with complex amtk the
two of the children with febrile status epileptiousre iron deficient compared with 5/36 with simf#érile

convulsions and 2/50 controlg(p<0.0005).

Recurrent febrile seizures

In our sample there were 18 (36%) cases with pesitistory for FS, i.e. the index seizure was amence.
Among them, 13 (72%) had one previous episode(@¥8 had 2 episodes, 3 (17%) had 3 episodes aryd onl
one (6%) had 4 past episodes. Ferritin was lowétdse with previous seizures (median 33.45; ré@ge
136.8 ng/mL) than in those with a first seizure dime 46.1; range 20-286.1 ng/mL). Haemoglobin and
MCHC, which were not correlated, were associatetl vecurrence in univariable logistic regressioal{le

4) while ferritin, TIBC, family history of febrilseizures and complex febrile seizures failed tohrea
statistical significance and in multivariable Idgisegression adjusted for age, only high haentugl¢odds

ratio 2.33, 95% confidence intervals 1.11, 4.89).p25) and MCHC (odds ratio 3.11, 95% confidence



intervals 1.20, 8.07; p=0.02) were independentypaimted with recurrence. The presence of ID was no

associated with recurrence (Fisher's Exact Tes, pAL).

Discussion

In the present study the median age of childreh &6 was 25.6+13.2 months, which is in accordavite
the literature. Of the previously reported assamiet we examined (5-7, 9, 13-24, 26), only posifamily
history for FS (5) and iron deficiency (9, 13-24¢ne risk factors in our prospective case contrad st
Consistent with a previous retrospective study (&x)not another prospective study including cleifdwith
malaria (23), iron deficiency was also more comrmothose with complex febrile convulsions, suggesti
exacerbation in a genetically predisposed individindine with previous studies showing that abonée
third recur (26, 28), in our study, 36% of the calsad previously had one or more episodes of K, an
Recurrences appeared in majority over the next @dtins after the first febrile seizure. Ferritin anéC
were lower in this group but paradoxically, ashia main study, haemoglobin was higher in the ctees

the controls in line with a previous large studyriam (16).

ID is one of the most prevalent nutritional probteworldwide, especially in developing countrieseeting
up to 2 billion people (29). It is the commonestdry insufficiency and haematological diseasenfafricy
and childhood (30). Iron is one of the most impetrielements of the body, especially of the CNSjiwv
numerous biological effects. The consequences afdficiency, especially during infancy or childdoare
multiple and show a wide variety of importance. yfhenge from mild to extremely severe, dependinghen
age that they appear and the magnitude of irorffin®ncy. Iron is a basic element of haemoglobin,
myoglobin, cytochromes and many other enzymes.d®lbeen associated with different neurological
problems including: restless leg syndrome (31),aimg@ auditory or visual evoked potentials (32&&th-
holding spells (33), strokes (34) and attentionaitefiyperactivity disorder (ADHD) (35). Iron pactpates in
cerebral energy production and is important for lmy@rmation by oligodendrocytes (36), for the
metabolism inhibitory neurotransmitter GABA (37)ddfior the metabolism of monoamines-
neurotransmitters (dopamine, nor-epinephrine, saio}, acting as a co-factor of tyrosine hydroxglas
tryptophan hydroxylase and aldehidoxidase (38)eduction of neurotransmitter release (selectiveh\B&)

is postulated to predispose to a situation of hygpeitability (39), and thus, may account for the



pathophysiologic association of ID to the occureentseizures.

The diagnosis of ID in the presence of fever/iritattan be challenging. Haematological parametibes (
Haemoglobin, Haematocrit, MCV, RDW), microscopi@aexnation of blood smear, plasma iron, TIBC,
transferrin saturation, plasma ferritin, STfR arekferythrocyte protoporphyrin may assist the diagn
Bone marrow examination is considered to be théd‘gtandard” method, but it is a traumatic and fudin
method and, therefore, was not used in the pretedy.

Plasma ferritin levels are a reliable method taw@re the iron status of the body. Level2ng/ml are
indicative of ID (40). In the presence of infectioflammation diagnostic levels may be raised up to
<30ng/ml (41). In our study the cut-off level of 86/ml was used in order to diagnose ID. The disathge
of ferritin is that it belongs to acute phase prateand rises non-specifically with inflammation.the
present study fever/infection was present bothases and controls, so any difference in ferritiele
among cases and controls could not be attributietiydo fever.

The main limitation of our study is the use of htaontrols, which may have introduced a selecbas,
since this group of patients show higher leveltDothan does the reference population. Using conityu
controls would be better but there are ethicaldiffies in taking blood in well children, unleggete is a
programme of screening for ID with appropriate tme&ent in toddlers. In the light of the meta-analysi
published after our study closed (24), an addifiereakness is the lack of data on temperature arission,
previous anaemia, family history of anaemia, ariineded dietary intake of iron. There appears tame
association between iron deficiency and febrilevodsions in areas of low, but not in high, prevaleiof
iron deficiency, possibly suggesting a protectiffect of maternal iron deficiency. However, in mo$the
studies which reported a protective effect, ttegdosis of iron deficiency was based on haemoglabdior
haematocrit (24), which may be discrepant when @megbto Ferritin measurement. Whether or not Ferrit
values are lower in case does appear to be rdlatethperature on admission (24). All these datalshbe

available in future prospective studies.

Our study has several strengths: 1) it is prospectnost reports are retrospective) 2) we usedipheil
laboratory parameters (Haemoglobin, HaematocritVWMIRDW, plasma iron, TIBC, plasma ferritin,
transferrin saturation, sTfR) simultaneously whiefiects a better image of iron status, 3) we defias 1D
the presence of plasma ferritin leve0ng/dl and 4) it is only the second to be publisfiem Europe.

The literature regarding the association betweean® FS is fairly limited and there is considerable



controversy. Pisacane et al. (9), reported thav#d more frequent in Italian children with firstisgre of
FS, as did Daoud et al. (14), Zareifar et al. (Ngyeed-ur Rehman and Billoo (17), Sherijil et &)(@&nd
Akbayram et al. (41) . Hartfield et al. (20) suggekthat Canadian children with FS were twice leslyito
be iron deficient in comparison to controls. Vasiretral. (18) reported that plasma ferritin levate lower
in children with FS. Our study is in agreementhie above mentioned studies, with plasma ferritin
significantly lower and TIBC significantly higheorfthe whole group of children with FS and for the
subgroup with complex FS.

However, there are data showing the opposite. iKekyi et al. (13) in a small study of 26 childreggested
that ID may act as a protection for FS. Bidabadilef42) also reported that iron and ferritin lsvare
significantly higher and TIBC significantly lowen ichildren with FS. Heydarian et al. (21), found th
haemoglobin concentration to be lower, but didmeake other measurements.

The two recent meta-analyses concluded that thmreaaed to be an association of ID and FS and
considered that factors contributing to the corgrsial results included the sample size, the diffeage
groups, the different diagnostic criteria usedantestudy for the diagnosis of ID and the backgdoun
prevalence of iron deficiency (23, 24). Includirigtie cases in the other 2 meta-analyses, otlter da
published since (43-45) and our data, the poolets oatio for an association between iron deficiesrny
febrile convulsions is 1.788 (95% confidence intds®.325-2.413). This strongly suggests an associbtit
it would be of interest to estimate the effect@fdn complexity of the initial seizure and riskreturrence
of FS before considering a trial of therapeutioiisupplementation to prevent recurrence in thoste avfirst
febrile seizures. Further exploration is also wated of the effect on the brain of erythropoiesithie
context of iron deficiency as it is possible thahg expression is altered in this situation aretsthe
seizure threshold. Measuring iron levels in cerspimel fluid in children with FS, reflecting moreaurately

the local CNS environment, would also be of interes

Conclusions. Children with FS have lower levels of plasma ferrégnd higher levels of TIBC, implying an
association between iron deficiency and FS. In derpS also, the levels of plasma ferritin are gigantly
lower and TIBC significantly higher, which reinf@s our primary conclusion. Those with recurrentifeb
convulsions appear to have higher haemoglobin aB#i®! despite indices consistent with iron deficiency
The exact explanation for the differences of irtaiuss between children with FS and their contrels i

unknown. However, since ID seems to be relatetiégpathogenesis of FS, early prevention and detecti



could reduce the frequency of FS. Therefore, itatus work-up could be established as a routineesing

for all children who are in high risk to have FSfar preventing a recurrence. Iron seems to beael@ the

pathogenesis of FS, but other mechanisms arerafd@ated, since ID was not found in all cases Wigh

and not all the iron deficient patients had FS.
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Table L egends.

Table 1. Demographic data and details of personal histamgpng cases and controls (p-value as a resyft of

test M as a result of Fisher’s exact test)

Table 2. Haematology data among cases and controls (“p-eal@eresult of t-test * p-value as a result of
Mann-Whitney test)

Table 3. Haematology data among cases with complex FS amdot® (*p-value as a result of t-test * p-

value as a result of Mann-Whitney test)

Table 4. Univariate logistic regression analysis of factomsdisposing to FS.



Table 1.

Cases Controls p-value
(n=50) (n=50)
Age 25.6+13.2 25.1+14.2 0.87
Sex Male 22 (44%) 22 (44%)
Female 28 (56% 28 (56% 1.0C
Causes of fever
Respiratory tract infection 18 (36% 16 (32%
Tonsillitis 9 (18% 2 (4%,
Otitismedia 6 (12%), 4 (8%)
Urinary tract infection 2 (4% 13 (26%
Viral syndrome 11(22% 11 (22%
Gastroenteritis 2 (4% -
MMR 2 (4%, -
Bronchiolitis - 3 (6%
Osteomyelitis - 1(2%
Smoking during pregnancy 8 (16% 4 (8% 0.22
Prematurity 14 (28% 11 (22%; 0.4¢
Caesarian section 25 (50% 20 (40% 0.3
Pregnancy problems 10 (20% 14 (28% 0.3t
Perinatal problems 14 (28% 12 (24% 0.6t
Positive family history for FS 23 (46% 2 (4% <0.001
Positive family history for Epilepsy 4 (8% 1 (2% 0.18/
Vaccination status
Complete 41 (82% 35 (70%)
Incomplete 9 (18% 15 (30% 0.1¢€
Breast-feeding > 6 months 13 (26% 11 (22% 0.6¢
Birth weight (gr) 3035.7+560.: 3198.5+537. 0.14

p-value as a result gf test ~ as a result of Fisher's exact test



Table 2.

Cases Mean Cases Median | Controls Mean| Controls Median p

[SD] [Range] [SD] [Range]
Haemoglobin concentration (g/dl) 11.82 (1.01) 11(83-13.5) 11.44 (1.00) 11.40 (9.3-13.5 0.059
Haematocrit (%) 35.35(3.21 35 (28-41) 34.85 (3.18  35.00 (29-41) 0.4
Red blood cells (*19L) 4.48 (0.40) 4.47 (3.45-5.49) 4.43 (0.36 4.031§5-5.16) 0.5
Mean Cell Volume (fl) 79.11 (3.70 79.55 (65.6-88.3 78.82 (4.00) 79.50 (68.1-86.8 0.7
Mean Cell Haemoglobin (pg/cell) 26.47 (1.39) 26(80.4-29.6) 25.87 (1.38) 25.95 (22.3-28.3) 0.031
Mean Cell Haemoglobin 33.46 (0.82) 33.60 (31.7-35.4 32.83 (1.03) 3230%-37.2) | 0.001
Concentration (g/dl)
Red Cell Distribution Width (%) 51.42 (1.60 15.3%2.2-21.4) 15.79 (1.57) 15.70 (13.2-20.2) 0(3
Ferritin (ng/mL) 53.65 (44.35 53.63 (3.0-285.7) .031(38.04) 58.3 (21.4-195.3) 0.015
Iron (pg/dl) 43.00 (30.37 37.5 (4-128) 36.72 (2.0 30.0 (6-92) 0.3
Total iron binding capacity (ug/dl) 267.60 260 (124-391) 243.54 (58.48) 232.50 (125-443) 0.p43

(58.91)
Transferrin saturation (%) 17.98 (16.5p) 14 (1-90) 16.18 (12.30) 12.00 (2-46) 0.5
Soluble transferrin receptor 25.35 (5.77) 25.55q0539.10) 27.33 (6.31) 26.45 (15.4-42.9) 0j1




Table 3.

Controls (n=50

Simple febrileseizure (n=36

Complex febrile seiz

Mean [SD] Median [Range] Mean [SD] Median [range] edvh [SD] Med
Haemoglobin (g/dl 11.44 (1.0C 11.40 (9.-13.5 11.93 (1.03 12.10 (9.-13.5 11.55 (0.93 11.3
Haematocrit (%) 34.85 (3.18) 35.00 (29-41) 35.5343 35.95 (28-41) 34.93 (2.92) 3
Red blood cells (*1%) 4.43 (0.36) 4.44 ((3.65-5.16) 4.47 (0.21) 4.49%35.49) 4.50 (0.36) 4.43
Mean Cell Volume (fl 78.82 (4.0C 79.50 (68.-86.8 79.68 (3.81 79.70 (65.-88.1 77.65 (3.03 77.3
Mean Cell Haemoglobin (pg/cell) 25.87 (1.38 25(28.3-28.3) 26.78 (1.38)* 26.80 (21.4-29.6 25.608) 26
Mean Cell Faemoglobin Concenatior (g/dl) 32.83 (1.02 32.60 (31.-37.2 33.61 (0.80) 33.70 (32.-35.4 33.08 (0.77 32.2
Red Cell Distribution Width (%) 15.79 (1.57)] 15.3.2-20.2) 15.05 (1.25) 14.70 (12.2-18.1) 16.363p 15.9
Ferritin (ng/dl) 74.03 (38.0¢ | 58.3 (21.-195.3 55.57 (47.34) 44.40 (14.-285.7 48.61 (36.63) 30.2
Iron (ug/dl) 36.72 (25.0¢ | 30.0 (¢92) 44.22 (32.74 37.50 (~128; 39.86 (24.0C 36
Total iron binding capacity (ug/dl) 243.54 (58.4%)232.50 (125-443) 261.11 (55.09 253.00 (124-391) 4.28(67.04)*| 286.!
Transferrin saturatic (%) 16.18 (12.3C | 12.00 (:-46) 19.40 (18.01 15.00 (>-90) 14.31 (9.53 12
Soluble transferrin receptor 27.33 (6.31 26.454¥R.9) 24.54 (5.10) 25.15 (15.00-33.80) 27.499%. 27.8!




Table 4.

OR Lower 95% ClI Upper 95% CI p
Family history 1.83 0.57 5.87 0.3
Complex 2.62 0.62 11.04 0.2
Ferritin 0.98 0.16 1.01 0.13
TIBC 1.01 0.999 1.021 0.071
Haemoglobin 2.51 1.23 5.12 0.011
MCHC 2.46 1.08 5.61 0.03




