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Febrile convulsions are among the leading public health problems that affect children between 6 months and 5 years of
age, and the effect of this condition on their lives and its exact cause are not fully understood. Many risk factors have been
underresearched. Among the possible factors are the vitamin D and calcium levels. The aim of this study is to determine the
association of febrile convulsion with the level of vitamin D and calcium. The study included 40 children with febrile con-
vulsion as a case group and 40 children with fever (>38.5 °C) without convulsion as the control group. Blood samples were
taken from all the participants, put into gel tubes, then the blood was centrifuged to separate the samples and collect the
serum. Then the serum level of vitamin D and calcium level were measured. In the cases group, 75% were male and only
25% were female. There were significant differences between the groups in the serum level of vitamin D and calcium with
P-value of P < 0.0001, P < 0.0080, respectively. The majority of patients in the febrile convulsion group (52.5%) had vita-
min D deficiency. There is a significant effect of vitamin D deficiency and low calcium level on the occurrence of febrile
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Introduction

Febrile convulsions (FC), defined as convulsions that are asso-
ciated with fever higher than 38 °C, usually occur in children aged 6
to 60 months without any intracranial reason such as infection, head
trauma, epilepsy, or a history of afebrile convulsions (Chungath &
Shorvon, 2008; Baradwaj et al., 2024; Kurniawati et al., 2024). They
occur in about 2-5% of healthy children around the world (Leung
etal, 2018).

There are two types of FCs, the first is simple FCs, which are ge-
neralized tonic-clonic convulsions that persist for less than 15 minutes
and are not repeated in the next 24 hours. The second type is complex
FCs, which may be a generalized or focal convulsions, persist for mo-
re than 15 minutes, are repeated within the next 24 hours, and are ac-
companied by a prior or post-neurological defect (Bhat et al., 2020).
Many risk factors may contribute to the etiology of FCs, including the
genetic background and the environmental factors that have a major
role in their occurrence (Shi et al., 2012).

It is known that many intracellular processes in the brain are in-
fluenced by calcium influx (Annapurna et al., 2024). A large amount
of research has revealed mixed results regarding the relationship of
low serum electrolytes, counting the low calcium level, with the oc-
currence of convulsions (Sujatha et al., 2025). A significant decrease
in calcium level leads to unrestrained epileptic discharges as a result
of excitatory postsynaptic transmissions (Banu et al., 2024). Calcium
ions bind to the outer surface of the sodium channel's protein in the
neuronal plasma membrane, which makes the neuronal membranes
more permeable to sodium ions, producing progressive depolarization
and increasing the probable action potential. In the absence of calcium
ions, the voltage needed to open sodium channels changes considera-
bly (fewer excitations). In hypocalcemia, spontaneous action poten-
tials occur, making peripheral skeletal muscle contract, resulting in
convulsions. Throughout acute febrile illness, water and electrolyte
disturbances commonly occur. It has been proposed that a variation in
serum calcium may raise vulnerability to convulsion (Sarker et al.,
2022). Hypocalcemia is a common cause of convulsion, and it can be
represented as muscle spasms, convulsions, tetany, and paresthesia
(Alkhafaji et al., 2024). The normal range for calcium is 2.15—
2.50 mmol/L (Jin et al., 2024). The synthesis of vitamin D depends on
the time of day, the part of the body exposed to the sun, and the tone

of the skin. Children with dark skin, higher content of melanin, pro-
duce a smaller amount of vitamin D than children with light skin co-
lor (Mostafa & Hegazy, 2015). The range of vitamin D is <20 ng/mL
deficiency, 20-30 ng/mL insufficient, 30-100 ng/mL sufficient, and
>100 vit D toxicity (Holick et al., 2011). Vitamin D is a fat-soluble vi-
tamin, and thyroid hormone is a steroid hormone, and both bind to ste-
roid hormone receptors in a similar manner (Al-Ashou et al., 2020).

The latest research has demonstrated the key role of vitamin D in
the central nervous system's development (Anjum et al., 2018).
A great deal of research is being conducted on the effect of vitamin D
on convulsions. Both neurons and glial cells contain receptors of
vitamin Dj; and enzymes. It has been suggested that vitamin D has an
anti-convulsion effect via regulating the gene expression by binding
to vitamin D receptors in the nucleus. Vitamin D also helps in absorb-
ing calcium and reducing the excitability of the central nervous sys-
tem. It also contributes to the regulation of the calcium and chloride
currents through neuronal cell membranes (Pendo & DeGiorgio, 2016).

Various studies have demonstrated a correlation between disor-
ders related to vitamin D and epilepsy. Deficiency in vitamin D leads
to hypocalcemia, which may lead to seizures as a result of the extre-
me irritability of neuronal membranes. Convulsions that occur due to
low levels of vitamin D and hypocalcemia are usually seen in heredi-
tary or nutritional rickets patients. Studies have also shown that treat-
ment with vitamin D and calcium through reducing hypocalcemia de-
creases seizures in rickets patients. Furthermore, studies on laboratory
animals show direct anticonvulsant effects of 1,25-dihydroxy vitamin
D (Abbeasi et al., 2021). The hypothesis of the study is that deficiency
in vitamin D and low calcium level play a significant role in the inci-
dence of FC in children, and vitamin D supplement decreases the
incidence of FC in children.

Material and methods

This case control study was carried out in Al-Mosul General Hos-
pital in Mosul City for five months, June to October 2024. The prima-
ry aim of this research was to compare serum levels of vitamin D and
calcium levels between two distinct groups of children: children with
FC and children who had fever without convulsions. The study enrol-
led a total of 80 children, with 40 children assigned to each group:
Case Group: Children with FC; Control Group: Children with fever

1

Regulatory Mechanisms in Biosystems, 2025, 16(2), e25066



(>38.5 °C) but no history or episode of convulsions. Each group com-
prised children of 6 months to 60 months of age who were admitted
in the hospital during the study period. The control group was mat-
ched according to age to the case group so that the results obtained are
comparable.

All children had physical examination and their medical history
was obtained. Children with any intracranial pathology, including in-
fection, head injury, epilepsy, or febrile seizures or any other neurolo-
gical developmental abnormality were excluded from the study.

The blood was drawn from each child using a sterile plastic syrin-
ge. Blood samples were placed in gel tubes to facilitate clotting and
serum separation. The gel tubes were centrifuged so as to form the se-
rum layer of blood. The obtained serum was then portioned for analysis.
Of this amount, 200 pL of serum was used in the determination of vi-
tamin D levels. The quantification was done using the VIDS immu-
noanalyzer device, which is accurate for determining the level of
vitamin D.

For calcium measurement, 50 pL of serum were pipetted into cu-
vettes. The calcium concentration was determined through the use of a
ThermoFisher device, which helped in giving accurate measurements.

To analyze the data we used the SPSS software version 26.0 to
calculate the percentage, means (x) + standard deviations (SD) of the
variables. The independent T-test and chi-square test were used to
compare the vitamin D and calcium level between the groups, P <
0.05 was considered statistically significant.

Results

This study included 40 patients in the FC group and 40 patients in
the fever without convulsion group. This descriptive table presents the
mean and standard deviation for key clinical and biochemical para-
meters in two study groups: children with Febrile Convulsions (FC
Group) and children with Fever without Convulsions. The parameters
include age, weight, calcium, vitamin D, hemoglobin (Hb), and ran-
dom blood sugar (RBS) levels.

Table 1
Descriptive table for key clinical and biochemical parameters (x = SD)

nificant difference in vitamin D level between the FC group and the fe-
ver without convulsion group with a P < 0.0001 (Table 2). The results
also highlight that over half (52.5%) of children in the FC group had
low calcium levels, while 70% of children in the fever group had
normal calcium levels. These results support the hypothesis that low
calcium may be associated with febrile convulsions in children.

Table 2
Comparison of calcium, vitamin D between the febrile
convulsion group and fever without convulsion group (x £+ SD)

Febrile convulsion Fever without
Parameters . P-value
group convulsion group
Calcium, mmol/L 2.14+0.13 223+0.15 0.0080
Vitamin D, ng/mL 20.6+12.3 44.9+20.2 0.0001
Table 3
Calcium status in febrile convulsion group
and fever without convulsion group
Calcium status Febrile convulsion Fever without
group, N (%) convulsion group, N (%)

Low calcium level o "
(<2.15 mmol/L) 21 (52.5%) 12 (30.0%)
Normal calcium level 19 (47.5%) 28 (70.0%)

(>2.15 mmol/L)

The chi-square test evaluated the association between vitamin D
status (sufficient, insufficient, and deficient) and the grouping (febrile
convulsion group vs. fever without convulsion group). There was a
difference in the vitamin D state between the groups. The majority of
patients in the FC group 21 (52.5%) had vitamin D deficiency, while
the majority of the fever without convulsion group had a sufficient
vitamin D level of 30 (75%). The test confirms that the differences in
vitamin D status between the groups are statistically significant, the P-
value is far below the standard significance level (P < 0.05), indica-
ting a highly significant association between vitamin D status and the
groups, as shown in Table 4.

Table 4
Number of patients according to vitamin D status

Parameter FC group Fever group
Age, months 26.1+18.1 242+143
Weight, kg 11.3+35 119+2.8
Calcium, mmol/L 2.14+0.13 223+0.15
Vitamin D, ng/mL 20.6+12.3 44.9+20.2
Hemoglobin, g/dL 10.8+2.2 10.5+1.0
Random blood sugar, mmol/L 6.6+2.5 53+1.1

Vitamin D Febrile convulsion Fever without ~ Chi-square

Status (n=40) convulsion (n =40) test P-value
Sufficient 9(22.5%) 30 (75.0%)
Insufficient 10 (25.0%) 5(12.5%) 2282  0.000011
Deficient 21 (52.5%) 5 (12.5%)

The results of the study show that there was a different sex distri-
bution between the groups of study. In the FC group, 75% of cases
were male patients, and only 25% of cases were female. However, in
the fever without convulsion group, 47.5% of cases were male and
52.5% were female (Fig. 1).

Febrile without Convulsion

Febrile Convulsion

Fig. 1. Sex distribution in febrile with convulsion
versus febrile without convulsion

The mean of calcium level in the FC group was 2.14 +
0.13 mmol/L, which was less than the normal range, while the mean
for the fever group was 2.23 + 0.15 mmol/L. There was a statistically
significant difference in the calcium level between the two groups
with a P =0.008. Also, the mean value of vitamin D in the FC group
was 20.6 £ 12.3 ng/mL, which was an insufficient level, while the
mean vitamin D in the fever without convulsion group was 44.9 +
20.2 ng/mL, which was a sufficient level. There was a statistically sig-
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There were various causes of fever in the FC group, such as urinary
tract infection (UTT), gastroenteritis, bronchiolitis, tonsillitis, chest in-
fection, pneumonia, and viral infection, but the highest percentage
was UTI and gastroenteritis, which represent 27.3% and 21.6% of
cases, respectively (Fig. 2).

2.69%

16.22%
® Viral infection
8.119 ’ = UTI
= Tonsilitis
® Pneumonia
® Gastroenteritis
21.6" .

® Chest infection
Bronchiolitis
5.41%

Fig. 2. Distribution of major causes of febrile convulsion

The chi-square test examines the relationship between the febrile
convulsion vs fever without convulsion, and two parameters (family
history and vitamin D supplementation) were tested. In the febrile
convulsion group, 14 patients (35%) had a positive family history,
while 26 (65%) did not. In the fever without convulsion group only
4 individuals (10%) had a positive family history, while 36 (90%) did
not. A statistically significant association exists between family histo-
ry and febrile convulsions.

Regulatory Mechanisms in Biosystems, 2025, 16(2), e25066



In the febrile convulsion group only 4 individuals (10%) reported
taking vitamin D supplements, while 36 (90%) did not. In the fever
without convulsion group 17 individuals (42.5%) took vitamin D sup-
plements, while 23 (57.5%) did not. A statistically significant associa-
tion exists between vitamin D supplementation and febrile convulsi-
ons (Table 5).

Table 5

Comparison between the febrile patient group

and the fever without convulsion group in the number of patients
according to the family history and vitamin D supplement intake

Febrile con-  Fever without

Parameters vulsion group  convulsion Chi- P-value
(n=40) group (n =40)

Family positive 14 (35%) 4(10.0%) S8l 0016

history negative 26 (65%) 36 (90.0%) ' )

Vitamin D positive 4(10%) 17 (42.5%) 930 0002

supplement  negative 36 (90%) 23 (57.5%) ) )

In the febrile convulsion (FC) group, among those not receiving
supplementation (n = 36), nearly 47% (19 children) had a deficient
level of vitamin D while only 20% were in the sufficient range. In the
supplemented subgroup (n = 4), half (2 children) had sufficient or in-
sufficient levels. Still, 2 children (5%) were deficient despite supple-
mentation as is shown in Table 6.

In the fever without convulsion group, a higher proportion
(42.5%) received vitamin D supplementation, among supplemented
children (n = 17), 14 children had sufficient vitamin D levels. Only
1 child remained deficient. Among the non-supplemented (n = 23) the
majority had sufficient levels and only 4 children were deficient as is
shown in Table 7.

Table 6
Vitamin D status in febrile convulsion (FC) group
S Supplement Supplement

Vitamin DStatus 416 (Yes), N (%) intake (No), N (%)
Sufficient 1(2.5%) 8(20.0%)
Insufficient 1(2.5%) 9(22.5%)
Deficient 2(5.0%) 19 (47.5%)
Table 7
Vitamin D status in fever without convulsion group

Vitamin D status  Supplement intake (Yes)  Supplement intake (No)
Sufficient 14 (35.0%) 16 (40.0%)
Insufficient 2(5.0%) 3(7.5%)
Deficient 1(2.5%) 4(10.0%)
Discussion

Febrile convulsion is one of the leading public health issues aro-
und the world that affect children. This makes the researcher seek to
find the causes of this condition. There is growing evidence that the
etiology of FCs may include vitamin D. We aimed to explore vitamin
D and calcium status in children with convulsions. In this study, the
percentage of males and females with FC was 75% and 25%, respec-
tively. This result is similar to the studies by Nawaz et al. (2023),
which found that 70% of cases of FC in the study were male; Mahyar
et al. (2010) indicated that gender is an important factor in FC, with
66% of patients being male. Similarly, Sunitha et al. (2023) found that
64% of cases of FC were boys.

The mean level of calcium for the case group was 2.14 +
0.13 mmol/L, which was less than the normal level of calcium (hypo-
calcaemia), while the mean level of calcium for the control group was
within the normal level (2.23 + 0.15 mmol/L), and there was a statis-
tically significant difference between the groups with a P = 0.008.
Namakin et al. (2016) also found that there was a significant differen-
ce in serum calcium level between children with simple FC in com-
parison with febrile children without convulsion, also Sharma et al.
(2018) in his study found that ionized calcium level was highly signi-
ficantly different between the study groups with a P < 0.001. Sarker
etal. (2022) in their cross sectional study, which took 100 patients as

cases and control group, found that there was a statistically significant
difference in calcium mean £ SD level with a P < 0.001, which is si-
milar to our result.

Through the acute phase of febrile disease, there are frequent dis-
turbances in water and electrolyte balance, which suggests that a cha-
nge in the serum calcium may lead to an increase in the vulnerability
to convulsion (Chhaparwal et al., 1971). The mean value of vitamin
D in this study was 20.6 + 12.3 ng/mL for the FC group, which is in-
sufficient, and there was a statistically significant difference when
compared with the fever without convulsion group with a P <0.0001.
In the cross-sectional study of Shariatpanahi et al. (2018), they also
found insufficient vitamin D levels for the FC children with a mean
value of 24.4 + 11.2 ng/mL. Aydin et al. (2021) also found significant
differences in vitamin D between cases and controls with a P <0.017.
Adnan et al. (2023) found a statistically significant difference in vita-
min D level between two groups (P < 0.05) and revealed that the level
of vitamin D was significantly low in children with simple FC when
compared with children with fever without convulsion.

In our study, the majority (52.5%) of FC children had a deficien-
cy in vitamin D, 25% had insufficient vitamin D, and only 22.5% of
FC children had a sufficient vitamin D level, while another study by
Bhat et al. (2020) shows that FC patients had vitamin D deficiency in
30.95% of cases, insufficiency in 43.7%, and a normal level of vita-
min D in 25.6% of cases. Motlaghzadeh et al. (2016) and Singh et al.
(2019) also reported a high percentage of vitamin D insufficiency in
children with FC.

In this study, causes such as bronchiolitis (16.2%, chest infection
(8.11%), tonsillitis (18.9%), and pneumonia (5.4%) that related to res-
piratory tract infection represented about 50% of the causes of fever
in the FC group. This is similar to the study of Hossain et al. and
Shrestha et al. (2014), who found that the major cause of fever in the
FC children was upper respiratory tract infection, which occurred in
56.3% of children (Adnan et al., 2023). A study by Millichap & Mil-
lichap (2006), showed that the most common causes of FC were
respiratory tract infections and gastroenteritis, which is comparable to
our finding.

In this study, 35% of the febrile convulsion group had a family
history of epilepsy as compared to 4% of the fever group and there
was a significant difference (P = 0.016).This result is similar to the
finding of Adnan et al. (2023), who found that the 39% of febrile con-
vulsion patients had a family history which significantly differed from
the control group with (P = 0.001). Studies of Shariatpanahi et al.
(2018) and Tosun et al. found that 60%, and 57% of febrile convulsi-
on children respectively had a positive family history of febrile con-
vulsion, which corresponds with the finding of this study (Tosun
et al., 2010; Shariatpanahi et al., 2018).

In this study, the chi-square value (9.30) and P = 0.002 indicate a
highly significant association of febrile convulsion with vitamin D
supplement, suggesting that vitamin D supplementation may have a
protective effect against febrile convulsions. This result is comparable
to the result of Thoppil et al. (2024), whose findings indicated that
while mean vitamin D levels were not significantly different between
children with and without febrile seizures, children who received
vitamin D supplementation had a significantly lower recurrence of
seizures. The study suggested that vitamin D supplementation could
play a protective role against recurrent febrile seizures.

It is well recognized that vitamin D plays a role in calcium ho-
meostasis, neuromodulation, and neuroprotection — all of which are
essential in reducing neuronal excitability, which could result in sei-
zures (Holick, 2007). Increased inflammatory cytokines and changed
calcium metabolism have been associated with vitamin D deficiency,
and these changes may enhance the risk of seizures (Shariatpanahi
etal., 2018).

Conclusion

Under the limitation of the study, we can conclude that vitamin D
insufficiency and low calcium levels significantly affect the occurren-
ce of febrile convulsions in children, which may suggest that they are
risk factors for the development of febrile convulsions. Maintaining
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adequate vitamin D levels in children is crucial, as seen by the strong
correlation found between vitamin D status and febrile convulsions.
Children taking vitamin D supplement have a lower risk of febrile
convulsions. The short period of time, the reliance on just a single he-
alth center and the small sample size are the limitations of this study.
It could be helpful to do more research in multiple centers, with larger
sample sizes and longer time frames to confirm or correct the results
reported here.

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

This study received ethical approval from the Collegiate Committee for Medi-
cal Research Ethics/University of Mosul, date: 27/6/2024 with code: CCMRE-
phA-24-5.

References

Abbasi, E., Ghazavi, A., & Farahmand, H. (2021). Comparative study of serum
vitamin D levels in patients with febrile seizures and febrile illnesses re-
ferred to Motahhari Hospital in Urmia. Studies in Medical Sciences, 32(9),
715-722.

Adnan, M. A., Hossain, M. 1., Khanam, W., Mawa, J., Ahmed, 1., & Mondol,
M. T. L. (2023). Association of serum vitamin D levels and simple febrile
seizures in children. International Journal of Contemporary Pediatrics,
10(3), 266-271.

Al-Ashou, S. M., & Yonis, R. A. (2020). Assessment of thyroid profile and
prolactin level in primary sub-fertile women. Biochemical and Cellular
Archives, 20(2), 207-215.

Alkhafaji, N., Ahmed, M., & Karem, B. (2024). The effect of vitamin D on the
histological structure of liver and lung in mice treated with amphotericin
B. Georgian Medical News, 355, 134-141.

Anjum, I, Jaffery, S. S., Fayyaz, M., Samoo, Z., & Anjum, S. (2018). The role
of vitamin D in brain health: A mini literature review. Cureus, 10(7),
€2960.

Annapurna, A., Babitha, B., & Andallu, B. (2024). Millet: Key to alleviate
micronutrient deficiencies (calcium and iron) among adolescent girls. Te-
xila International Journal of Public Health, 12(4), 52.

Aydin, H., Bucak, 1., & Bucak, I. H. (2021). Comparison of laboratory parame-
ters between children with and without febrile convulsion. Journal of Sur-
gery and Medicine, 5(2), 149-152.

Banu, S. M., Vinod, S., Babu, N. A., Masthan, K. M., Ryntathiang, 1., & Jothi-
nathan, M. K. (2024). Oral health and vitamins: Exploring nutritional
strategies for disease prevention and healing. Texila International Journal
of Public Health, 12(3), 51.

Baradwayj, J., Balaji, R., Kumar, A., Kannan, L., & Nayak, D. (2024). Paediat-
ric symptomatic seizures in India: Unravelling varied etiologies and neu-
roimaging patterns — A multicentric study. Georgian Medical News, 346,
91-97.

Bhat, J. A, Bhat, T. A., Sheikh, S. A., Wani, Z. A., & Ara, R. (2020). Status of
25-hydroxy vitamin D level in simple febrile seizures and its correlation
with recurrence of seizures. Avicenna Journal of Medicine, 10(1), 6-9.

Chhaparwal, B. C., Kohli, G., Pohowalla, J. N., & Singh, S. D. (1971). Magne-
sium levels in serum and in C.S.F. in febrile convulsions in infants and
children. The Indian Journal of Pediatrics, 38(5), 241-245.

Chungath, M., & Shorvon, S. (2008). The mortality and morbidity of febrile
seizures. Nature Clinical Practice Neurology, 4(11), 610-621.

Holick, M. F. (2007). Vitamin D deficiency. New England Journal of Medi-
cine, 357(3), 266-281.

Holick, M. F., Binkley, N. C., Bischoff-Ferrari, H. A., Gordon, C. M., Hanley,
D. A, Heaney, R. P., Murad, M. H., & Weaver, C. M. (2011). Evaluation,
treatment, and prevention of vitamin D deficiency: An endocrine society
clinical practice guideline. The Journal of Clinical Endocrinology and Me-
tabolism, 96(7), 1911-1930.

Jin, Y., Luo, Z., Su, H., Li, C., Wang, C., Zhang, L., Peng, F., He, L., & Wang,
X. (2024). Serum calcium was negatively associated with serum iron

among general population: Findings from a cross-section study. Georgian
Medical News, 351, 167-169.

Kurniawati, R. D., Martini, M., Wahyuningsih, N. E., Sutiningsih, D., & Su-
triyawan, A. (2024). Prevention of dengue fever based on dominant risk
factors within elementary school environment in Bandung City. Public
Health of Indonesia, 10(2), 214-223.

Leung, A. K., Hon, K. L., & Leung, T. N. (2018). Febrile seizures: An over-
view. Drugs in Context, 7, 1-12.

Mahyar, A., Ayazi, P., Fallahi, M., & Javadi, A. (2010). Risk factors of the first
febrile seizures in Iranian children. International Journal of Pediatrics,
2010, 862897.

Millichap, J. G., & Millichap, J. J. (2006). Role of viral infections in the etiolo-
gy of febrile seizures. Pediatric Neurology, 35(3), 165-172.

Mostafa, W. Z., & Hegazy, R. A. (2015). Vitamin D and the skin: Focus on a
complex relationship: A review. Journal of Advanced Research, 6(6),
793-804.

Motlaghzadeh, Y., Sayarifard, F., Allahverdi, B., Rabbani, A., Setoodeh, A.,
Sayarifard, A., Abbasi, F., Haghi-Ashtiani, M.-T., & Rahimi-Froushani,
A. (2016). Assessment of vitamin D status and response to vitamin Ds in
obese and non-obese Iranian children. Journal of Tropical Pediatrics,
62(4), 269-275.

Namakin, K., Zardast, M., Sharifzadeh, G., Bidar, T., & Zargarian, S. (2016).
Serum trace elements in febrile seizure: A case-control study. Iranian
Journal of Child Neurology, 10(3), 57-60.

Nawaz, S., Kumar, R., Bhushan, A., & Sharma, P. (2023). Assessment of clini-
co-etiological profile in children with atypical febrile seizures at a tertiary
care hospital. International Journal of Academic Medicine and Pharmacy,
5(1), 734-736.

Pendo, K., & DeGiorgio, C. M. (2016). Vitamin D; for the treatment of epilep-
sy: Basic mechanisms, animal models, and clinical trials. Frontiers in Neu-
rology, 7,218.

Sarker, A., Islam, M. K., Pal, N., Aman, S., Sajib, M. K. H., Banu, N. A, &
Sultana, N. (2022). Association of serum calcium and magnesium level
with febrile seizure. Sir Salimullah Medical College Journal, 30(1), 14-22.

Shariatpanahi, G., Paprooschi, N., Yaghmaei, B., Sayarifard, F., & Sayarifard,
A. (2018). Exploring vitamin D in children with febrile seizure: A preli-
minary study. International Journal of Pediatric Perspectives, 6(9), 8233—
8239.

Sharma, S. K., Singh, N., Thimmaraju, K. V., & Tilak, M. (2018). Assessment
of ionized calcium status in febrile seizures. International Journal of Clini-
cal and Biomedical Research, 4(3), 35-37.

Shi, X.-L., Lin, Z-D., Ye, X.-Y., Hu, Y., Zheng, F.-X., & Hu, H-W. (2012).
An epidemiological survey of febrile convulsions among pupils in the
Wenzhou region. Chinese Journal of Contemporary Pediatrics, 14(2),
128-130.

Shrestha, D., Dhakal, A. K., Shakya, H., Shakya, A., Shah, S. C., & Mehata, S.
(2014). Clinical characteristics of children with febrile seizure. Journal of
Nepal Health Research Council, 12(28), 162-166.

Singh, V., Sharma, P., & Dewan, D. (2019). Association of vitamin D levels
with simple febrile seizures in under five children: A case control study.
International Journal of Contemporary Pediatrics, 6(2), 365.

Sujatha, G. B., Alex, A., Yuvaraj, M., Rani, V. S., & Agrawal, D. (2025). A
study of correlation between morphometric measurement of lumbar region
with levels of calcium and vitamin D in low back pain individuals. Texila
International Journal of Public Health, 13(1), 12.

Sunitha, K. B., Chandini, P., Jhansi, R. P., Karimulla, S. K., Brahmaiah, P., &
Mallika, V. V. N. K. (2023). The association between iron deficiency ane-
mia and febrile seizures in children of age group 1 to 5 years in a tertiary
care hospital, Guntur. Journal of Cardiovascular Disease Research, 14(3),
475-479.

Thoppil, J., Jyothirmayi, C. A., Arockiyaraj, M., Mathew, L. G., Rebekkah, G.,
& Mathai, S. (2024). Is vitamin D deficiency a risk factor in the occur-
rence and recurrence of febrile convulsions in children? International Jour-
nal of Contemporary Pediatrics, 11(10), 1424-1429.

Tosun, A., Koturoglu, G., Serdaroglu, G., Polat, M., Kurugol, Z., Gokben, S.,
& Tekgul, H. (2010). Ratios of nine risk factors in children with recurrent
febrile seizures. Pediatric Neurology, 43(3), 177—182.

Regulatory Mechanisms in Biosystems, 2025, 16(2), e25066


http://doi.org/10.52547/umj.32.9.715
http://doi.org/10.52547/umj.32.9.715
http://doi.org/10.52547/umj.32.9.715
http://doi.org/10.52547/umj.32.9.715
http://doi.org/10.18203/2349-3291.ijcp20230418
http://doi.org/10.18203/2349-3291.ijcp20230418
http://doi.org/10.18203/2349-3291.ijcp20230418
http://doi.org/10.18203/2349-3291.ijcp20230418
http://doi.org/10.7759/cureus.2960
http://doi.org/10.7759/cureus.2960
http://doi.org/10.7759/cureus.2960
http://doi.org/10.21522/tijph.2013.12.04.art052
http://doi.org/10.21522/tijph.2013.12.04.art052
http://doi.org/10.21522/tijph.2013.12.04.art052
http://doi.org/10.28982/josam.740090
http://doi.org/10.28982/josam.740090
http://doi.org/10.28982/josam.740090
http://doi.org/10.21522/tijph.2013.12.03.art051
http://doi.org/10.21522/tijph.2013.12.03.art051
http://doi.org/10.21522/tijph.2013.12.03.art051
http://doi.org/10.21522/tijph.2013.12.03.art051
http://doi.org/10.4103/ajm.ajm_57_19
http://doi.org/10.4103/ajm.ajm_57_19
http://doi.org/10.4103/ajm.ajm_57_19
http://doi.org/10.1007/BF02823660
http://doi.org/10.1007/BF02823660
http://doi.org/10.1007/BF02823660
http://doi.org/10.1038/ncpneuro0922
http://doi.org/10.1038/ncpneuro0922
http://doi.org/10.1056/NEJMra070553
http://doi.org/10.1056/NEJMra070553
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.36685/phi.v10i2.802
http://doi.org/10.36685/phi.v10i2.802
http://doi.org/10.36685/phi.v10i2.802
http://doi.org/10.36685/phi.v10i2.802
http://doi.org/10.7573/dic.212536
http://doi.org/10.7573/dic.212536
http://doi.org/10.1155/2010/862897
http://doi.org/10.1155/2010/862897
http://doi.org/10.1155/2010/862897
http://doi.org/10.1016/j.pediatrneurol.2006.06.004
http://doi.org/10.1016/j.pediatrneurol.2006.06.004
http://doi.org/10.1016/j.jare.2014.01.011
http://doi.org/10.1016/j.jare.2014.01.011
http://doi.org/10.1016/j.jare.2014.01.011
http://doi.org/10.1093/tropej/fmv091
http://doi.org/10.1093/tropej/fmv091
http://doi.org/10.1093/tropej/fmv091
http://doi.org/10.1093/tropej/fmv091
http://doi.org/10.1093/tropej/fmv091
http://doi.org/10.3389/fneur.2016.00218
http://doi.org/10.3389/fneur.2016.00218
http://doi.org/10.3389/fneur.2016.00218
http://doi.org/10.3329/ssmcj.v30i1.59374
http://doi.org/10.3329/ssmcj.v30i1.59374
http://doi.org/10.3329/ssmcj.v30i1.59374
http://doi.org/10.22038/ijp.2018.30035.2645
http://doi.org/10.22038/ijp.2018.30035.2645
http://doi.org/10.22038/ijp.2018.30035.2645
http://doi.org/10.22038/ijp.2018.30035.2645
http://doi.org/10.31878/ijcbr.2018.43.08
http://doi.org/10.31878/ijcbr.2018.43.08
http://doi.org/10.31878/ijcbr.2018.43.08
http://doi.org/10.18203/2349-3291.ijcp20190019
http://doi.org/10.18203/2349-3291.ijcp20190019
http://doi.org/10.18203/2349-3291.ijcp20190019
http://doi.org/10.21522/tijph.2013.13.01.art012
http://doi.org/10.21522/tijph.2013.13.01.art012
http://doi.org/10.21522/tijph.2013.13.01.art012
http://doi.org/10.21522/tijph.2013.13.01.art012
http://doi.org/10.18203/2349-3291.ijcp20242739
http://doi.org/10.18203/2349-3291.ijcp20242739
http://doi.org/10.18203/2349-3291.ijcp20242739
http://doi.org/10.18203/2349-3291.ijcp20242739
http://doi.org/10.1016/j.pediatrneurol.2010.05.007
http://doi.org/10.1016/j.pediatrneurol.2010.05.007
http://doi.org/10.1016/j.pediatrneurol.2010.05.007


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



