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Abstract

Background: Early recognition of clinical and biochemical predictors may help identify high-risk infants and allow timely correction of
calcium imbalance. The objective is to evaluate the clinical and biochemical predictors of hypocalcemic seizures in infancy, with emphasis on
age, gender, breastfeeding status, growth parameters, and corrected calcium levels. Material and Methods: This prospective observational
study included 100 infants aged 1 month to 2 years presenting with seizures to the Department of Pediatrics, Kodagu Institute of Medical
Sciences, Madikeri. Infants with central nervous system infection, congenital brain malformations, and maternal drug or supplement exposure
affecting bone mineral metabolism were excluded. Corrected calcium was calculated, and hypocalcemia was defined as corrected serum calcium
<8 mg/dL. Results: Among 100 infants, 27 (27.0%) had hypocalcemic seizures and 73 (73.0%) had non-hypocalcemic seizures. Hypocalcemia
was significantly more common in infants aged <6 months, affecting 20 of 49 infants (40.8%), compared with 4 of 25 (16.0%) infants aged 6
months to 1 year and 3 of 26 (11.5%) infants aged 1-2 years (p = 0.009). Female infants showed a significantly higher frequency of
hypocalcemia than males, 24 of 67 (35.8%) versus 3 of 33 (9.1%) (p = 0.005). All 27 infants with hypocalcemic seizures were breastfed. Length
percentile was also significantly associated with hypocalcemia, with higher frequency among infants below the 50th percentile (p = 0.002).
Conclusion: Hypocalcemic seizures in infancy were significantly associated with age <6 months, female gender, breastfeeding status, lower
length percentile, and reduced corrected calcium levels.
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INTRODUCTION

Hypocalcemic seizures are an important and reversible cause
of seizures during infancy. Infancy is a period of rapid
neurological and skeletal growth, and even minor disturbances
in calcium metabolism can significantly affect neuromuscular
excitability.!  Calcium plays a central role in neuronal
membrane stability, synaptic transmission, muscle contraction,
and regulation of action potentials. When serum calcium falls
below the normal range, the threshold for neuronal
depolarization decreases, resulting in increased neuronal
excitability and a higher risk of seizures.[ Because
hypocalcemia is treatable, early recognition is clinically
important to prevent recurrent seizures, unnecessary
anticonvulsant use, prolonged hospitalization, and avoidable
investigations.®! Seizures in infancy have multiple causes,
including febrile convulsions, epilepsy, central nervous system
infections, structural brain abnormalities, hypoglycemia,
hypomagnesemia, hyponatremia, and hypocalcemia. Among
these, metabolic and electrolyte disturbances are particularly
important because they can be detected through simple
laboratory testing and corrected rapidly.”! Hypocalcemia may
present with generalized tonic-clonic seizures, tonic seizures,
focal seizures, jitteriness, irritability, tetany, or even status
epilepticus. However, classical clinical signs of hypocalcemia
such as Chvostek sign and Trousseau sign may be absent in

many infants, making biochemical screening essential.l*!

Several clinical and biochemical factors may influence the risk
of hypocalcemic seizures in infancy. Age is one of the most
relevant predictors because younger infants, particularly those
below 6 months, have high calcium requirements due to rapid
growth and may depend heavily on maternal vitamin D stores
and breast milk intake.[®) If maternal vitamin D status is poor
or supplementation is inadequate, these infants may develop
hypovitaminosis D and secondary hypocalcemia. Therefore,
infants in the early months of life may be more vulnerable to
hypocalcemic seizures than older infants. Gender differences
have also been reported in some clinical datasets, although the
biological explanation is not always clear.l] Variations in
feeding practices, nutritional status, growth patterns,
healthcare-seeking behavior, and sociocultural factors may
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influence the observed relationship between gender and
hypocalcemic seizures. ldentifying whether male or female
infants are more commonly affected in a local population may
help clinicians recognize at-risk groups and interpret seizure
presentations more carefully.®]

Breastfeeding is another important factor in calcium and
vitamin D metabolism. Breastfeeding remains the ideal source
of infant nutrition and provides major immunological and
developmental benefits. However, breast milk contains
relatively low vitamin D unless maternal vitamin D stores are
adequate or supplementation is provided.[ As a result,
exclusively breastfed infants born to vitamin D-deficient
mothers may be at increased risk of vitamin D deficiency,
impaired calcium absorption, and hypocalcemic seizures.[*%
Therefore, the association between breastfeeding and
hypocalcemic seizures should not be interpreted as a negative
effect of breastfeeding itself, but rather as a reflection of
maternal-infant vitamin D status and supplementation
practices. Growth parameters such as weight, length, and
anthropometric percentiles may also provide useful clinical
clues.™ Poor growth, lower length percentile, or stunting may
suggest chronic nutritional deficiency, vitamin D deficiency, or
impaired mineral metabolism. Infants with lower length
percentiles may have underlying nutritional compromise that
increases susceptibility to hypocalcemia.[*?

Similarly, abnormal biochemical markers such as low
corrected calcium, altered phosphorus, elevated alkaline
phosphatase, and low vitamin D levels may support a diagnosis
of metabolic bone disease or vitamin D deficiency-related
hypocalcemia.[*® Corrected serum calcium is especially
important in evaluating suspected hypocalcemic seizures
because total calcium is affected by serum albumin
concentration. A falsely low or misleading total calcium value
may occur if albumin is abnormal. Correcting calcium for
albumin provides a more clinically meaningful estimate of
calcium status.** In infants presenting with seizures,
especially those without evidence of infection, structural
neurological disease, or developmental abnormality, corrected
calcium estimation should be considered an essential part of the
initial workup.!**!

Objective

To evaluate the clinical and biochemical predictors of
hypocalcemic seizures in infancy, with emphasis on age,
gender, breastfeeding status, growth parameters, and corrected
calcium levels.

ypocalcemic Seizures in Infancy

MATERIALS AND METHODS

This was a prospective analytical study based on infants
presenting with seizures. The study was conducted in the
Department of Pediatrics, Kodagu Institute of Medical
Sciences, Madikeri. A total of 100 infants aged 1 month to 2
years presenting with seizures were included. Infants from 1
month to 2 years of age presenting with seizures and otherwise
developmentally normal infants were included. Infants with
CNS infections such as meningitis, known congenital brain
malformations, and infants whose mothers were receiving
drugs or supplements known to affect bone mineral metabolism
were excluded.

Data Collection: At admission, age, sex, demographic profile,
clinical presentation, seizure type, seizure frequency, seizure
duration, treatment received, past history of seizures,
breastfeeding status, weight, length, head circumference, and
biochemical findings were recorded in a predesigned proforma.
The thesis notes that age, sex, demographic data, and clinical
presentation were recorded at admission after written informed
consent.  Blood samples were collected under aseptic
precautions and analyzed for serum calcium, albumin,
corrected calcium, phosphorus, alkaline phosphatase,
magnesium where available, and vitamin D where available.
Corrected calcium was calculated as total calcium + 0.8 x (4 —
serum albumin), and hypocalcemia was defined as corrected
calcium <8 mg/dL. The major predictor variables included age
group, sex, breastfeeding status, seizure type, weight
percentile, length percentile, and corrected calcium level. The
outcome variable was the presence or absence of hypocalcemic
seizure.

Statistical Analysis: Data were tabulated using Microsoft
Excel. Categorical variables were expressed as percentages.
Chi-square test and Fisher’s exact test were used to compare
hypocalcemic and non-hypocalcemic groups. A p-value <0.05
was considered statistically significant.

ResuLTs

The association between age and hypocalcemic seizures was
statistically significant. Among infants aged less than 6
months, 20 of 49 (40.8%) had hypocalcemia. In comparison,
hypocalcemia was present in 4 of 25 (16.0%) infants aged 6
months to 1 year and 3 of 26 (11.5%) infants aged 1 to 2 years.
This association was statistically significant with chi-square =
9.434 and p = 0.009, indicating that infants younger than 6
months were more prone to hypocalcemic seizures.

Table 1: Association of age group with hypocalcemic seizures

Age group Hypocalcemia absent Hypocalcemia present | Total % with hypocalcemia | p-value
<6 months 29 20 49 40.8% 0.009*
6 months to 1 year 21 4 25 16.0%

1 year to 2 years 23 3 26 11.5%

Total 73 27 100 27.0%

Gender was also significantly associated with hypocalcemic
seizures. Among 33 male infants, only 3 (9.1%) had
hypocalcemia, whereas among 67 female infants, 24 (35.8%)
had hypocalcemia. The association was statistically

significant with p = 0.005, suggesting a higher burden of
hypocalcemic seizures among female infants in this study
population.
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Table 2: Association of gender with hypocalcemic seizures

Sex Hypocalcemia absent Hypocalcemia present | Total % with hypocalcemia | p-value
Male 30 3 33 9.1% 0.005*
Female 43 24 67 35.8%

Total 73 27 100 27.0%

Breastfeeding showed a significant association with
hypocalcemic seizures. All 27 infants with hypocalcemic
seizures were breastfed. Among 86 breastfed infants, 27
developed hypocalcemia, whereas none of the 14 non-

breastfed infants had hypocalcemia. This finding may reflect
low maternal vitamin D stores and infant hypovitaminosis D
rather than breastfeeding itself being causative.

Table 3: Association of breastfeeding with hypocalcemic seizures

Breastfed Hypocalcemia absent Hypocalcemia present Total % with hypocalcemia
Yes 59 27 86 31.4%

No 14 0 14 0.0%

Total 73 27 100 27.0%

Growth parameters were also examined. Weight percentile
was not significantly associated with hypocalcemia, but
length percentile showed a significant relationship.
Hypocalcemia was seen in 1 of 2 (50.0%) infants below the
3rd length percentile, 21 of 48 (43.7%) infants between the

3rd and 50th percentile, and 5 of 45 (11.1%) infants between
the 50th and 97th percentile. None of the infants above the
97th percentile had hypocalcemia. This association was
statistically significant with p = 0.002.

Table 4: Association of length percentile with hypocalcemic seizures

Length percentile Hypocalcemia absent Hypocalcemia present | Total % with hypocalcemia | p-value
<3rd percentile 1 1 2 50.0% 0.002*
3rd-50th percentile 27 21 48 43.7%

50th-97th percentile 40 5 45 11.1%

>97th percentile 5 0 5 0.0%

Total 73 27 100 27.0%

Corrected calcium levels were strongly associated with
hypocalcemic seizures. Among the 27 hypocalcemic infants,
1 (3.7%) had corrected calcium <4 mg/dL, 10 (37.0%) had

corrected calcium between 4-6 mg/dL, and 16 (59.2%) had
corrected calcium between 6-8 mg/dL. No infant with
corrected calcium >8 mg/dL was classified as hypocalcemic.

Table 5: Distribution of corrected calcium levels among infants with hypocalcemic seizures

Hypocakcemic Seizures According ko Age Group

Hypacalcernic Seizures According to Gender

Hypecalcemic Seizures According to Feeding Status

<bmorths. oL year 13 pears Male female

= 0005

man
4T)

Hyporakemic Seures Acconieg th Lengeh Pertentiie

oo
4]

a0

Ereastfed

Nonvieessifed

Corrected calcium level Hypocalcemia absent Hypocalcemia present Total

<4 mg/dL 0 1 1

4-6 mg/dL 0 10 10

6-8 mg/dL 4 16 20

>8 mg/dL 69 0 69

Total 73 27 100
Clinical and Predictors of Hyp! Seizures DISCUSSION

The present study evaluated clinical and biochemical
predictors associated with hypocalcemic seizures among
infants aged 1 month to 2 years. The findings showed that
hypocalcemic seizures were significantly associated with
younger age, female gender, breastfeeding status, lower length
percentile, and reduced corrected calcium levels. These results
suggest that hypocalcemic seizures in infancy are not randomly
distributed but are more likely to occur in infants with specific
nutritional, developmental, and biochemical risk profiles. Age
was one of the strongest clinical predictors of hypocalcemic
seizures. Among infants younger than 6 months, 20 out of 49
(40.8%) had hypocalcemia, compared with 4 out of 25 (16.0%)
infants aged 6 months to 1 year and 3 out of 26 (11.5%) infants
aged 1 to 2 years. This association was statistically significant
(p = 0.009), indicating that infants below 6 months were most
vulnerable. This may be explained by the rapid skeletal growth
and high calcium requirement during early infancy. Younger
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infants are also more dependent on maternal vitamin D stores
and early feeding practices, making them more susceptible to
vitamin D deficiency-related hypocalcemia.l*®!

Gender was also significantly associated with hypocalcemic
seizures. Female infants showed a higher frequency of
hypocalcemia, with 24 out of 67 (35.8%) affected, compared
with only 3 out of 33 (9.1%) male infants (p = 0.005). Although
the exact biological mechanism for this gender difference is not
clear, it may reflect differences in nutritional exposure, health-
seeking behavior, cultural feeding practices, or sample-specific
variation. This finding should be interpreted carefully because
gender-based susceptibility may vary across populations, but
in this dataset, female gender was clearly associated with a
higher burden of hypocalcemic seizures.I*’! Breastfeeding was
another important factor. All 27 infants with hypocalcemic
seizures were breastfed. Among 86 breastfed infants, 27
(31.4%) developed hypocalcemia, whereas none of the 14 non-
breastfed infants had hypocalcemia. This does not mean
breastfeeding causes hypocalcemia. Breastfeeding remains the
best and safest form of infant nutrition. The more likely
explanation is that breastfed infants may become vitamin D
deficient if maternal vitamin D levels are low or if infant
vitamin D supplementation is not provided. Since breast milk
naturally contains limited vitamin D, exclusively breastfed
infants born to vitamin D-deficient mothers may be at greater
risk of hypovitaminosis D, impaired calcium absorption, and
hypocalcemic seizures.[8]

Growth parameters also showed an important relationship with
hypocalcemic seizures. Weight percentile was not significantly
associated with hypocalcemia, but length percentile showed a
statistically significant association (p = 0.002). Hypocalcemia
was present in 1 out of 2 (50.0%) infants below the 3rd length
percentile and 21 out of 48 (43.7%) infants between the 3rd and
50th percentile, compared with only 5 out of 45 (11.1%) infants
between the 50th and 97th percentile. No infant above the 97th
percentile had hypocalcemia.'l This suggests that lower
length percentile or impaired linear growth may be linked with
nutritional deficiency, chronic vitamin D insufficiency, or
disturbed mineral metabolism. On a clinical level, these
predictors can aid in the initial decision making process. In
infants \(<\) 6 months, particularly those who are breastfed with
LPs < 50, infants should be viewed as high-risk for
hypocalcemic seizures. Serum calcium should be done early in
the evaluation of such patients. If hypocalcemia is detected,
check for possible vitamin D and magnesium deficiencies, as
either can cause persistent or recurrent hypocalcemia. Early
correction will help to avert further seizures and possibly
decrease the need for unnecessary neuroimaging or lumbar
puncture or extended anti-epileptic treatment. There are some
limitations to this study. The number of infants in the sample
was 100 from a single center and may restrict generalizability.
Some associations may be dependent on local factors (e.g.
gender, breastfeeding). Biochemical correlation was limited
due to the fact that vitamin D and magnesium levels were not
available for all infants. Follow-up for recurrence of seizures,
neurodevelopmental outcomes and assessment of response to
supplementation was not conducted over a longer period.
Despite these drawbacks, the study is clinically significant and
provides evidence that can be used in clinical practice because

ypocalcemic Seizures in Infancy

there are risk factors that are known to cause seizures with low
calcium level.

CONCLUSION

This study demonstrated that certain clinical and biochemical
factors, such as younger age, female gender, breastfeeding,
lower length percentile, and lower corrected calcium levels are
statistically significant predictors of hypocalcemic seizures in
infancy. Hypocalcemia occurred more often in infants younger
than 6 months and thus may be a critical time with regard to
high growth and vitamin D and calcium requirements. In this
study, female infants, and breastfed infants were more likely to
develop hypocalcemic seizures, but breastfeeding was used
here as an indirect measure of potential vitamin D deficiency
rather than as a cause of seizures.
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