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ABSTRACT

Background. Seizures are common in infants due to the inherent sensitivity of the developing brain to various insults, with
metabolic alterations being a ordinary cause. Among these, hypocalcemia is a prevalent factor. Early diagnosis of hypocalcemic
seizures is essential as the management and prognosis differ from other seizure causes.

Objective: To investigate the prevalence and associated risk factors of hypocalcemic seizures in children aged 1 month to
2 years.

Material and methods. This prospective observational study was conducted over 18 months in a tertiary care teaching hospital,
following institutional ethics committee approval. All children in the specified age group presenting with seizures were enrolled
and given standard care. Demographic and relevant risk factor details were recorded in a pre-designed proforma. Children
with hypocalcemia underwent further testing for vitamin D, parathormone, alkaline phosphatase, and magnesium blood levels.
Based on a previous study, a sample size of 225 was calculated to achieve a power of 80% and a confidence interval of 95%,
with a marginal error rate of 0.06.

Results. Of the 225 children enrolled (53.7% boys), the most common type of seizures was simple febrile seizures (46.2%). The
prevalence of hypocalcemic seizures was 3.6% (8 cases). Significant factors associated with hypocalcemic seizures included
age and the administration of cow’s milk before 1-year age. All children with hypocalcemic seizures had vitamin D deficiency,
with a mean vitamin D level of 7.77 ng/dl, and elevated alkaline phosphatase levels (mean 841.8 U/I).

Conclusion. Hypocalcemic seizures should be considered in the evaluation of seizures in children, particularly in young infants
and when cow’s milk is introduced before 1-year age.

KEYWORDS

hypocalcemia, seizures, cow’s milk, infants

For citation

Arunkarthik K., Thasma Santhanakrishnan A. Cow’s milk in infant diet is a risk factor for hypocalcemic seizures. Epilepsia

i paroksizmal'nye sostoania / Epilepsy and Paroxysmal Conditions. 2025; 17 (1): 48-53. https://doi.org/10.17749/2077-8333/
epi.par.con.2025.198.

KOpOBbe MOJIOKO B paLuoHe MmnajeHLeB - (I]aKTlJp PUCKa pa3BUTUA TMNOKaJibLLHEMUYECKUX NMPUCTYNOB
K. ApyHkapTuk, A. Tacma CaHTaHaKpULLIHaH
VIHCTWUTYT BbICLLEro 06pa3oBaHMs U Hay4HbIX nccnepoaHuii Lpu Pamavanapsl (Mopyp, HYenHau, Tamunuag 600116, Hans)

Ansa kontakToB: ApyHnpacar Tacma CaHTaHakpuiuHaH, e-mail: drtsarunprasath@yahoo.com

PE3HOME

AKTyanbHocTb. 13-32 BPOXKAEHHO YyBCTBUTENIbHOCTI PA3BMBAOLLErOCS MO3ra K Pa3finyHbIM NOBPEXAEHNAM Y MafeHLEeB
HepeKo HA6M0AATCA CYA0POrU, MPUYMHOI KOTOPLIX YACTO CNYXaT MeTabonnyeckne nameHeHns. Cpeau HUX pacnpocTtpa-
HEHHbIM (DAKTOPOM SIBNIAGTCA TUNOKaNbLNeMUs. bonbLIOe 3HAYEHUE UMEBT PaHHAS ANArHOCTUKA TUMOKaNbLMEMUYECKNX
MPUCTYNOB, MOCKONbKY X BEJIEHIE U MPOrHO3 OTNNYAOTCA OT TAKOBbIX NPU JPYruX BapnaHTax Cyfopor.

Lenb: n3y4nTthb pacnpoCTPaHEHHOCTb MMOKabLMEMUYECKX NPUCTYNOB 1 CBA3aHHbIE C HUMMW (DAKTOPbI pUCKa y JeTel B BO3-
pacte oT 1 MecC [0 2 neT.

Marepuan n merogel. [pocneKTUBHOE HAONOAATENIbHOE NCCNeA0BaHNE NPOBOANIOCH B Te4eHne 18 Mec B BbICOKOCNELnanu-
3MPOBAHHOI KNUHNYECKON 60MbHILE NOCNe 0A06PEHMSA MECTHOTO 3TUYECKOro KOMUTETA. Bee 6T B yKa3aHHON BO3PACTHON
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OpuruHanbHble ctatbu / Original articles

rpynne, y KOTOPbIX HA6GJ04aN1Ch NPUCTYNbI, 6bIIN BKIHOYEHbI B UCCNEA0BAHME U NMOMNYYUIIN CTAHAAPTHYIO MEAULUHCKYO MO-
moub. [lemorpaduyeckune jaHHble 1 COOTBETCTBYHOLLIME (PAKTOPbLI pUCKa OblSIN BHECEHbI B paHee pa3paboTaHHyo KapTy na-
uveHTa. [letn ¢ runokanbLumemmuein npoLwwsin JOMOSHUTENbHOE TECTUPOBAHNE C U3MepeHneM ypoBHeil BuTamuua D, napatrop-
MOHQ, LeSI0YHON chocartasbl U MarHus B KpoBU. Ha 0CHOBE NpeAbIAYLLEro cciiefoBaHunsa b1 onpeaesieH pa3mep rpynnsol
B 225 4enoBek Ans AOCTUXeHUs MolHocTn 80% 1 fJoBepuTenbHOro nHtepsana 95% c npefenbHon yactotoi own6ok 0,06.

Pesynbrarsl. 13 225 BKNOYEHHbIX B UccnegoBanue aetein (53,7% Manb4nkoB) Hanbosiee pacnpoCTPaHeHHbIM TUMNOM Npu-
CTynoB 6binu nNpocTbie ebpuibHble (46,2%). PacnpoCTpaHeHHOCTb MMNOKaNbLMEMUYECKUX NPUCTYNOB cocTasuna 3,6%
(8 cny4aes). 3HaYMMble (haKTOPbI, CBA3AHHBIE C TUNOKANbLMEMUYECKUMI NPUCTYNAaMK, BKOYAIM BO3PACT NauueHTa v yno-
TpebsieHe KOPOBLErO MONOKA A0 AOCTMXeHMs Bo3pacTta 1 roga. Y Bcex feTen ¢ runoKanbyueMmyecKuMm npucTynamm o6-
Hapy>xeH feduunt sutamuHa D (cpeHUIn ypoBeHb 7,77 HI/AN) 1 NOBbILIEHHOE COAEpXKaHKe LLenoYHon docdaTasbl (cpea-
HWIA ypoBeHb 841,8 ea/n).

3aknroyenne. TMNoKanbLUMEMNYeCKNe NPUCTYNbI CNeJYeT YYNTbIBATh NPU OLEHKE CYA0POr Y 6Tel, 0COGEHHO Y MNaeHLeB
1 NpW YNOTPe6eHn KOPOBLEro MONOKa 10 AOCTUXEHNS UMK Bo3pacTa 1 rofa.

KNHO4EBbBIE C/TIOBA
rUnoKanbLiemus, NpucTynbl, KOPOBLE MOJIOKO, MIaAeHLbl
IAna untupoBauus

ApyHkapTuk K., Tacma CaHTaHakpuwHaH A. KopoBbe MOMIOKO B paLuoHe MiafeHueB — pakTop pucka pasBuTus runo-
KanbLMemMn4ecknx Cymopor. dnunerncus v napokcnsmanbsHsle coctosaumus. 2025; 17 (1): 48-53 (Ha aHrn. 3.). https://doi.

0rg/10.17749/2077-8333/epi.par.con.2025.198.

INTRODUCTION / BBEZEHHUE

Seizures are common in infants, owing to inherent sen-
sitivity of the developing brain to various insults [1]. The
metabolic status alteration is one of the common cause of
seizures [2]. Among the metabolic causes, hypocalcemia is
one of the frequent causes [3]. Early diagnosis of hypocal-
cemic seizures is essential, because the management and
prognostication is different from other causes of seizures [4].

The early introduction of cow’s milk into an infant’s diet
before the age of 1 year is a dietary risk factor of hypocal-
cemic seizures. Studies have demonstrated that cow’s milk
consumption correlates with an increased risk of hypocal-
cemia due it’s impact on the calcium-phosphorus ratio and
parathyroid hormone [5, 6]. The data on prevalence of hypo-
calcemic seizures are limited [7].

The current study hypothesizes that early introduction of
cow’s milk significantly contributes to the risk of hypocalce-
mic seizures in children.

Objective: To investigate the prevalence and associat-
ed risk factors of hypocalcemic seizures in children aged
1 month to 2 years.

MATERIAL AND METHODS / MATEPAAJT
Y METOJIbI

Study design / Iu3aiiH HCCIETOBAHMUSI

This 18-month prospective observational study was car-
ried out in a tertiary care teaching hospital after institutional
ethics committee approval. All children in the age group of
1 month to 2 years, presenting with seizures were enrolled
in the study. Children previously enrolled in the study who
were re-admitted during the study period were planned to be

excluded. The study participants received standard care of
seizures. The demographic details and the relevant risk factor
details were entered in a pre-designed proforma.

Laboratory tests / JIaGOpaTOpHBIE TECTHI

The study participants with hypocalcemia were further
tested for vitamin D, parathormone, alkaline phosphatase
and magnesium levels. The serum calcium was measured
using Arsenezo method. The serum magnesium was mea-
sured using Xylidyl method. The serum vitamin D and serum
intact parathormone levels were measured using electro che-
miluminescence method. The serum phosphorus was mea-
sured by phosphomolybdate method. The alkaline phospha-
tase level was estimated by para-nitrophenylphosphate and
AMP-buffer’ methods.

Hypocalcemia was defined as serum calcium level less than
8 mg/dl [8]. Serum vitamin D levels less than 20 ng/dl was
defined as vitamin D deficiency [9]. Hypomagnesemia was
defined as serum magnesium level less than 1.5 mg/dl [8].

Statistical analysis / CraTHCTHYE€CKHH aHAIN3

Based on a previous study [10], with assumed prevalence
of 30% of hypocalcemic seizures, a minimum sample size
of 225 subjects was calculated at a power of 80%, confi-
dence interval level of 95%, and marginal error rate of 0.06.
Data were entered into Microsoft Excel database (Microsoft,
USA) software. The statistical analysis was performed us-
ing SPSS Version 26 (IBM, USA). The categorical variables
were expressed as frequency and percentage. The continu-
ous variables were expressed as mean and standard devia-
tion. The association between variables was tested using x?
test or Fischer’s exact test. A p-value of less than 0.05 was
taken as significant.

T 2-amino-2-methyl-1-propanol for buffer solutions.
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RESULTS / PE3YJIBTATBI

The prevalence of hypocalcemic seizures /
PacnpocTpaHEHHOCTh I'HIIOKAIBIITHEMUIECKUX
IIPHCTYIIOB

A total of 225 children (121 (53.7%) boys, 104 (46.3%)
girls) were enrolled in the study. The most common type
of seizures was simple febrile seizures (n=104, 46.2%). The

prevalence of hypocalcemic seizures comprised 3.6% (n=38).
The other causes are shown in Table 1.

Association between demographic and other
factors / CBA3b MEKAY IeMOrpa(puIeCKHMH
U APyIruMH (paKTOpaMH

The association between demographic and other factors
are shown in Table 2. The age and cow’s milk administration

Table 1. The various causes of seizures in the study participants (n=225), n (%)

TaGauna 1. Pa3muyuHble IPUYUHBI IIPUCTYIIOB Y YIACTHUKOB UCCIICAOBAHUS (N=225), n (%)

Diagnosis / [lnarHo3 N;Oﬂzﬁggigglder::ﬁ/
Hypocalcemic seizures / lunokanbuuemu4eckne npucTynbl 8 (3.6)
Simple febrile seizures / [pocTble hebpubHbIE MPUCTYMbI 104 (46.2)
Unprovoked seizures / HecnpoBoLpoBaHHbIe NPUCTYMbl 35 (15.6)
Complex febrile seizures / CnoxHble he6puibHbIE MPUCTYMbI 25 (11.1)
Seizure disorder / Cynopo>KHoe paccTponcTBo 19 (8.4)
Camphor induced seizures / [pucTynbl, BbI3BaHHbIE Kamapoi 16 (7.1)
Fever provoked seizures / [1pncTynbl, BbI3BAHHbIE TNXOPAKON 5(2.2)
Febrile status epilepticus / ®e6pubHbI ANUIENTUYECKNIA CTATYC 4(1.8)
Breakthrough seizures / [popbIBHbIE MPUCTYMbI 3(1.3)
Hypoxic seizures / Tnnokcuyeckue npucTynsl 2(0.9)
DPT-induced seizure / Mpuctynsl, BbiaBaHHble AK[C 1(0.4)
Pyridoxine dependent seizure / [MpnAOKCUH-3aBUCHMbIE MPUCTYTbI 1(0.4)
Tumour induced seizure / [pucTynbl, BbI3BAHHbIE OMYX0JbIO 1(0.4)
Hyponatremic seizure / funoHaTpuemnyeckme npucTybl 1(0.4)

Note. DPT — vaccine against diphtheria, periussis, and tetanus.

IIpumeuanue. AK/[C — aocopouposarmasi KoOKMOUHO-0UDMePULiHO-CMONOHAUMHAL BAKUUNA.

Table 2. Association between demographic variables and hypocalcemic seizures, n (%)

Ta6muma 2. CBA3b MEXK/Y IEMOrPAPHYECKIMHU APAMETPAMHU U I'MIMOKAIBIIMEMUYECKUMU IIPUCTYIAMH, N (%)

Hypocalcemic seizures / | Non-hypocalcemic seizures /
IMnokanbuuemnyeckue Herunokanbyuemuyeckue
s ey L npucTynbl npucTynNbI p
(n=8) (n=217)
Age less than 6 months, n (%) / Bospact meHee 6 mec, n (%) 6 (75) 16 (7.4) <0.001
Age, months / BospacT, mec 4.5+3.665 12.85+5.117 <0.001
Serum calcium, mg/dl // CbIBOPOTOYHBIN KanbLnii, Mr/on 6.2+0.5606 9.682+0.4498 <0.001
Boys, n (%) / Myxckovi non, n (%) 5 (62.5) 116 (53.5) 0.728
Presence of fever, n (%) / Hanu4ue nuxopagku, n (%) 1(12.5) 150 (69.1) 0.002
Absence of developmental delay, n (%) /
OTcyTCcTBME 3aepXKL passutus, n (%) 8(100.0) 206 (94.9) 0.665
Generalized seizures, n (%) / [eHepanu3oBaHHble NPUCTyMbl, N (%) 8 (100.0) 213 (98.2) 0.864
Gestational diabetes, n (%) / TecTaunonHbIin gnader, n (%) 0(0.0) 10 (4.6) 0.691
Preterm birth, n (%) / MpexzaespemeHHble poabl, n (%) 1(12.5) 21 (9.7) 0.691
Low birth weight, n (%) / Huzkuit Bec npu poxxgexuu, n (%) 1(12.5) 28 (12.9) 0.725
Presence of family history of seizures, n (%) /
Hann4ne cemenHoro aHamMmHesa npucTynos, n (%) 2(25.0) 29(134) 0.304
Vitamin D supplements not given, n (%) /
OtcyTcTBMe npuema fo6aBok ButamuHa D, n (%) 7(87.5) 135 (62.2) 0.263
Cows milk administration before 1-year age, n (%) /
[MpumeHeHne KOPOBLEro Mo0Ka 0 Bo3pacTa 1 roaa, n (%) 3(379) 10(4.6) 0.007
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before the age of 1 year, was the significant factors associ-
ated with hypocalcemic seizures.

Biochemical profile of children with
hypocalcemic seizures / Buoxumugeckuin
npo@IIb AETEH C THIOKAIBIIHEMHICCKHMH
IIPHUCTYIAMH

The biochemical profile of children with hypocalcemic
seizures is shown in Table 3. All children with hypocalcemic
seizures had vitamin D deficiency. The mean vitamin D level
was 7.77 ng/dl. The alkaline phosphatase level was elevated
in all the children with hypocalcemic seizures. The mean al-
kaline phosphatase level was 841.8 U/I. Out of the 8 children
with hypocalcemic seizures, 7 (87.5%) had elevated parathor-
mone levels. The mean parathormone level was 276.7 pg/dl.
The serum magnesium level was low in 1 (12.5%) child with
hypocalcemic seizures. The mean magnesium level was
1.7 mg/dl. The serum phosphorus level was normal in all of
the 8 children with hypocalcemic seizures.

DISCUSSION / OBCYKAEHHUE

The prevalence of hypocalcemic seizures in the present
study reached 3.6%. In the published studies, there is a wide
range in prevalence, from 4.6 to 68.3% [6, 7, 10-13]. The dif-
ference in this prevalence rate may be attributed by differ-
ence in demography of the study population, study design
with differences in inclusion criteria, level of ante-natal care,
level of new-born and infant care, exposure to sunlight, and
the pattern of complimentary feeding practices.

In our study, the mean age of children with hypocalce-
mic seizures was 4.5 months. A similar observation has

been made in other published studies [14, 15]. The higher
metabolic demand for calcium and relative immature cal-
cium homeostasis mechanism in early infants could un-
derlie higher prevalence of hypocalcemic seizures in this
age group [16].

All children with hypocalcemic seizures had generalised
type of seizures in our study. Similar pattern of generalised
type of hypocalcemic seizures has been reported earlier [6,
7]. This is due to the generalised neuro-activation and excit-
ability induced by hypocalcemia [17].

In our study, 87.5% of the children with hypocalcemic
seizures received no vitamin D supplementation that agrees
with earlier study [13]. This emphasises the fact that vitamin
D supplements are essential in infants for various benefits
including prevention of hypocalcemic seizures.

In our study, 37.5% of the children with hypocalcemic
seizures had received cow’s milk feeding before the age of
1 year. This rate was 63.4% in a previously reported study [6].
The high phosphorus content in cow’s milk leads to hypocal-
cemia via increased deposition of calcium in bone tissue, hy-
poparathyroid state, and reduced absorption of calcium from
the intestine [18, 19].

In our study, all children with hypocalcemic seizure had
hypovitaminosis D. Vitamin D deficiency as the common
cause of hypocalcemic seizures has been reported in vari-
ous studies [20-22]. Vitamin D is an essential component
in calcium homeostasis. The deficiency of vitamin D results
in reduced absorption of calcium from intestine resulting in
hypocalcemia.

In our study, all children with hypocalcemic seizures had
elevated alkaline phosphatase and normal phosphorus level.
This finding has been observed in previously reported stud-

Table 3. The biochemical profile of children with hypocalcemic seizures

Tab6auua 3. BUOXUMUYECKUH TPOMUIb I€TEH C THIOKAIBIIUEMUYCCKUMU IIPUCTYIIAMU

Calcium, Vitamin D, | Magnesium, iPTH, Phosphorus, Albumin, Creatinine,
No./ Age / mg/dl // ng/dl // mg/dl // pg/dl // mg/dl // ALP, U/l // g/dl // mg/dl //
Ne Bospact Kanbuui, | Butamuu D, MarHui, wlTr, docop, Wd, E/n AnboymuH, | KpeaTuHuH,
mr/an Hr/an mr/on nr/an mr/an r/an mr/an
1 | 1month/ 6.2 6.5 21 421 57 1249 4 0.3
1 mec
p | 1month/ 6.4 6 12 43 57 495 3.2 0.2
1 mec
2 months /
3 9 Mec 6.7 14.4 1.8 119 5.2 846 3.2 0.2
2 months /
4 9 Mec 6.1 6.6 17 221 51 593 3.1 0.1
5 months /
5 5 Mec 6.6 12.2 2 212 5.9 647 44 0.2
g |Bmonths/|  ¢q 28 16 481 49 1792 3.4 0.2
6 mec
7 [8months/| 4 g 34 2 321 42 715 3.9 0.2
8 mec
g |11months/} ¢, 10.3 19 394 55 398 33 0.2
11 mec

Note. iPTH — intact parathyroid bormone; ALP — alkaline phosphatase.

ITpumeuanue. ullTl — unmaxmnoiil napamupeouorviil 20pmon; I[P — wenrounan gpocamasa.
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ies [15, 23]. Phosphate levels were not low as expected in
the cases of hypocalcemia and hypovitaminosis D. This may
be due to early presentation of vitamin D deficiency, where
parathyroid response has not started or late presentation of
vitamin D deficiency, where there is resistance to parathy-
roid hormone [24].

CONCLUSION / BAK/IIOYEHHE

The hypocalcemic seizures should be considered in the
evaluation of seizures in infants, particularly in young infants
and when there is introduction of cow’s milk in infant diet,
before the age of 1 year.
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