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ABSTRACT

	Aims: To evaluate the effect of levetiracetam monotherapy on serum calcium and vitamin D levels in children with epilepsy, and to assess seizure control and associated side effects.
Study Design: Longitudinal observational study.
Place and Duration of Study: Department of Paediatrics, Dr. B. C. Roy Post Graduate Institute of Paediatric Sciences, Kolkata; from December,2022 to May,2024.
Methodology: 79 children (44 males, 35 females; 6 months–12 years) with epilepsy on levetiracetam monotherapy were enrolled. Baseline and 6-month follow-up of clinical and laboratory evaluations was done including serum calcium and vitamin D. Seizure control and side effects were documented. Data were analysed using paired t-test/Wilcoxon signed rank test with significance at P <0.05.
Results: Generalized seizures were most common (81%), followed by focal (13.9%) and unclassified (5.1%). After 6 months, 64.5% were seizure-free, with mean seizure duration decreasing from 8.92 ± 6.63 to 7.51 ± 5.73 minutes (P = .01). Serum calcium declined from 9.18 ± 0.61 to 9.01 ± 0.63 mg/dl (P =.02), and vitamin D from 26.04 ± 6.76 to 25.09 ± 6.34 ng/ml (P =.04); values largely remained within normal limits despite statistical significance. Vitamin D deficiency was present in 19% at baseline and 20.3% at follow-up, while insufficiency rose from 39.2% to 48.1%. Neuropsychiatric side effects occurred in 44.3% (notably behavioural abnormalities 16.5%, anxiety 10.1%), and musculoskeletal symptoms included bone pain (16.5%) and cramps (10.1%). No significant association was found between vitamin D levels and side effects.
Conclusion: Levetiracetam monotherapy is effective for seizure control in children but is associated with small, significant decline in serum calcium and vitamin D over 6 months, demanding attention of clinicians on bone heath of epileptic children with levetiracetam monotherapy.
Limitation:  short follow-up, lack of bone mineral density assessment, dietary and sun exposure data is limitation of this study.
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1. INTRODUCTION 

Epilepsy is a type of chronic neurological disorder which is characterized by recurrent, unprovoked seizures, affecting approximately 0.5–1% of children worldwide (1). Epilepsy projects a massive social burden in the developing countries and the appropriate treatment is missing most of the time (2). The clinical spectrum of epilepsy is very diverse, as it represents not a single disease but a miscellaneous group of disorders having variable aetiologies and presentations. In the pediatric age group, epilepsy and its management requires utmost attention because recurrent seizures and long-term drug therapy may adversely influence the growth, development, and quality of life (3).

Management of epilepsy usually requires prolonged use of antiepileptic drugs (AEDs). Early initiation of treatment improves seizure control and prognosis; however, prolonged AED therapy is frequently presented with systemic side effects (4). One of the very serious but often under-recognized complications is the effect of AEDs on bone metabolism. Several studies have demonstrated increased risk of abnormal bone mineralization, hypocalcemia, reduced vitamin D levels, and subsequent risk of bone fracture in those children who are on long-term AED therapy (5,6).

The mechanisms for AED-induced bone changes are multifactorial. Conventional enzyme-inducing antiepileptic drugs (EIAEDs); such as phenytoin, carbamazepine, phenobarbitone, primidone, and benzodiazepines increase the hepatic cytochrome P450 activity, thereby increases the catabolism of 25-hydroxy vitamin D, which subsequently reduce the calcium absorption and produce secondary hyperparathyroidism state (7). Other proposed mechanisms include direct toxic effects on osteoblasts, impaired calcitonin secretion, and resistance to parathyroid hormone (8). Clinically, this results in hypocalcemia, hypophosphatemia, elevated alkaline phosphatase, and low vitamin D metabolites. Furthermore, various studies also have found that vitamin D deficiency state is linked with seizure occurrence and antiepileptic therapy, reason not well understood. (9)

Levetiracetam is a relatively newer, broad-spectrum AED with distinctive pharmacodynamics. Structurally, it is an S-enantiomer of an ethyl analogue of piracetam ((S)-2-(2-oxopyrrolidin-1-yl) butanamide), with its principal binding site identified as synaptic vesicle protein 2A (SV2A), which reguates calcium-dependent neurotransmitter release (10,11). It is proposed that SV2A has shown to act on the presynaptic protein synaptotagmin, which is considered the Ca2+ sensor for regulation of Ca2+-dependent exocytosis of synaptic vesicles (12). Unlike older AEDs, levetiracetam is not a hepatic enzyme inducer and is associated with minimal drug interactions, a desirable safety profile, and broad efficacy across generalized and focal epilepsies (13).

Although the safety profile of levetiracetam is well established, but its effects on bone health remain uncertain. Some reports suggest that levetiracetam, unlike EIAEDs, may not significantly alter calcium or vitamin D levels (14), while others have described mild but significant reductions over time (15). Jeyakumar et al. demonstrated a statistically significant fall in calcium and phosphorus over 6 months of levetiracetam therapy (16), in contrast Garg et al. reported no significant change in serum calcium or vitamin D after 1 year of levetiracetam monotherapy, except for a rise in vitamin D among males (17). Similar variability has been reported in various international studies (18-20).

In India, studies on this topic remain limited. Jyotirmoy Sen et al. found high rates of hypovitaminosis D among children on both sodium valproate and levetiracetam monotherapy (21). Considering that bone growth and mineralization are most active during childhood, and vitamin D deficiency is already prevalent in Indian children, it becomes imperative to investigate whether levetiracetam contributes to metabolic derangements in this population.

Therefore, the present study was planned to evaluate the impact of levetiracetam monotherapy on serum calcium and vitamin D levels in children with epilepsy. In addition, the study also sought to assess seizure control, well-being, and side effects; thereby generating evidence which may guide safer long-term management in this vulnerable group.

2.methodology

2.1 Study Design 
This was a longitudinal observational study designed to assess the effect of levetiracetam monotherapy on serum calcium and vitamin D levels in children with epilepsy.

2.2 Setting

The study was conducted at the Department of Pediatric Medicine, Dr. B. C. Roy Post Graduate Institute of Pediatric Sciences, Kolkata, between December 2022 and May 2024 (18 months).

2.2.1 clinical setting
IPD, HDU, PICU, and OPD.

2.2.2 laboratory setting
Institutional diagnostic laboratory for routine blood investigations (CBC, LFT, RFT, serum calcium, serum phosphate), and serum vitamin D measurement using DIA source 25-OH Vitamin D ELISA kit.

2.3 Participants

 Eligible participants were children aged 6 months–12 years with a clinical diagnosis of epilepsy, on levetiracetam monotherapy, attending either OPD or IPD.

2.3.1 Inclusion criteria
Children diagnosed with epilepsy (as per ILAE criteria) based on history and clinical examination, maintained on levetiracetam monotherapy.

2.3.1.1 Case definition of epilepsy followed ILAE criteria
 ≥2 unprovoked seizures >24h apart; one unprovoked seizure with ≥ 60% recurrence risk over 10 years; or epilepsy syndrome diagnosis.


2.3.2 exclusion criteria
Children requiring add-on/change to another antiepileptic drug, wheelchair-bound children, prior multivitamin intake before blood sampling, those on steroids, diuretics, calcium or vitamin D supplementation, or with pre-existing renal disease.

2.4 Study Size

Sample size was calculated using the formula:
n = [Z(1-α/2)] ² (S₁² + S₂²)/d²
where Z(1-α/2) = 1.96, S₁=0.48, S₂=0.5, and d=0.16. The estimated sample size was 72.06, rounded to 72. Assuming 10% attrition, the final sample size was 79 participants.

2.5 Variables

2.5.1 Demographics: Age, sex.

2.5.2 Clinical: Type and subtype of epilepsy, seizure frequency in the preceding 6 months, seizure-free period (months).

2.5.3 Laboratory: complete hemogram, liver and renal function test, serum calcium, vitamin D, phosphate.

2.5.4 Outcomes: Change in serum calcium and vitamin D at baseline vs 6 months.

2.5.5 adverse effects: Neuropsychiatric (headache, irritability, anxiety, confusion, fatigability, sleepiness, dizziness, behavior abnormality) and musculoskeletal (muscle cramps, numbness, brittle nails, fractures, bone pain).

2.6 Data collection and Measurements

All data were collected prospectively using a structured proforma, WHO growth charts, case sheets, and laboratory results. Laboratory assays followed standardized institutional protocols. Baseline clinical examination and laboratory tests (CBC, LFT, RFT, calcium, phosphate, 25-OH vitamin D) were done. Vitamin D deficiency was defined as <20 ng/ml, vitamin D insufficiency 20-40 ng/ml and normal calcium as 8.5–10.5 mg/dl. All patients had received levetiracetam, titrated to response. Follow-up at 6 months were assessed for seizure frequency and side effects using a questionnaire, and data were analyzed for outcomes.

2.7 Bias

Selection bias was minimized by including consecutive eligible cases. Recall bias regarding seizure frequency was reduced by corroborating parental reports with clinical notes. Laboratory assays were conducted using standardized kits to reduce measurement bias.

2.8 Statistical Methods

Data were entered into Microsoft Excel and analyzed with SPSS v27. Continuous variables were summarized as mean ± SD or median (IQR). Baseline and 6-month values were compared using the Wilcoxon signed rank test. A P-value <.05 was considered statistically significant.

3. results and discussion

In this study 79 children aged 6 months–12 years were enrolled, with a male predominance (55.7%). The majority (62%) were between 13 months–5 years. Generalised epilepsy was the most common type seizure (81%), particularly generalised tonic-clonic seizures (65.8%), while focal seizures accounted for 13.9%. At baseline, 55.7% had no prior seizure episodes, and 44.3% reported a definite history.

Seizure control improved markedly with levetiracetam. At follow-up, 64.5% of children were seizure-free, while the group of children experiencing ≥2 seizures at onset declined from 12.7% to 7.6% at follow-up. Mean seizure duration reduced significantly from 8.92±6.63 to 7.51±5.73 minutes (P =.01). These findings are consistent with Garg et al. (17), who observed a majority of children achieving adequate seizure control on levetiracetam monotherapy. Similarly, Cormier et al. (20) demonstrated its efficacy and tolerability across paediatric age groups.

Routine haematological, renal, and hepatic parameters remained stable, with no significant change from baseline to 6 months. This aligns with findings by Garg et al. (17), who also noted no clinically relevant biochemical alterations with levetiracetam.

In contrast, biochemical bone markers showed a significant change. Table 1 showed changes of mean Serum calcium and vitamin D level at baseline and 6-month follow-up; which is statistically significant. 

Table 1: Comparison of calcium and vitamin D level between baseline and 6 months
	Investigations
	Baseline
	6 months
	P value

	Serum Ca2+ (mg/dl)
	9.18±0.61
	9.01±0.63
	.02

	Serum vitamin D(ng/ml)
	26.04±6.76
	25.09±6.34
	.04



*Paired t test or Wilcoxon signed rank test applied

Table 2 showed the prevalence of vitamin D deficient, insufficient and sufficient status at baseline and follow-up at 6 months. Vitamin D level was defined <20 ng/ml as deficiency state, 20-40 ng/ml as insufficiency state and >40 ng/ml as normal respectively. 





Table 2: Comparison of vitamin D level between baseline and 6 months

	Serum vitamin D (ng/ml)
	Baseline
	6 months

	Deficient
	15(19%)
	16 (20.3%)

	Insufficient
	31 (39.2%)
	38 (48.1%)

	Sufficient
	33 (41.8%)
	25 (31.6%)



It was noticed that 19% of children were vitamin D deficient and 39.2% children were vitamin D insufficient, which increases to 20.3% and 48.1% respectively at 6-months follow-up. These results parallel those of Jeyakumar et al. (16), who reported significant reductions in calcium and phosphorus with levetiracetam therapy, and Sen et al. (21), who found a high prevalence of hypovitaminosis D among children on levetiracetam or valproate. In contrast, Garg et al. (17) reported non-significant changes in calcium and vitamin D, highlighting variability across populations.
At 6 months follow-up on levetiracetam monotherapy, notable side effects were profiled into neuropsychiatric and musculoskeletal symptoms, shown in Figure 1 and 2 respectively. In this study, neuropsychiatric side effects (44.3%) were found more common than musculoskeletal problems (27.8 %); the most common Neuropsychiatric side effect being behaviour abnormality, seen among 16.5% of children. Incecik et al. (22) similarly observed behavioural disturbances as the predominant adverse events, though somnolence and fatigue were more common in their cohort. Among musculoskeletal side effects, bone pain (16.5%) was found as most common symptom. No significant correlation was found between vitamin D status and side effects.

 
Figure 1: neuropsychiatric side effects of patients on levetiracetam monotherapy after 6 months follow up

Figure 2: musculoskeletal side effects of patients on levetiracetam monotherapy after 6 months follow up 

Taken together, our study supports levetiracetam as an effective and generally safe option for paediatric epilepsy, with favourable seizure control and stable systemic parameters. However, the significant decline in calcium and vitamin D mirrors findings from Jeyakumar et al. (16) and Sen et al. (21), emphasising the need for regular monitoring of bone health during therapy. Compared with older enzyme-inducing antiepileptics such as phenytoin or carbamazepine, which cause profound vitamin D metabolism abnormalities (23–25), levetiracetam appears safer, but vigilance regarding bone mineral status remains warranted.

3.1 Limitation 

Despite a collective wholesome sincere effort, this study has its own limitations. It is a single center study with follow up at 6-month duration, which is short. Confounders such as daily dietary calcium, vitamin D intake, and sunlight exposure were not accounted because of difficulty in data in resource poor setting. Bone mineral density and T score were not available at the study facility which could better monitor the bone health on levetiracetam monotherapy.



4. Conclusion

Levetiracetam monotherapy in children with epilepsy was effective in reducing seizure frequency and duration, with 64.5% achieving seizure freedom at 6 months. However, it was associated with a modest but statistically significant decline in serum calcium and vitamin D levels, though values largely remained within normal range. Neuropsychiatric and musculoskeletal side effects were observed but not significantly linked to vitamin D status. Overall, levetiracetam appears effective and generally well tolerated, though monitoring of bone health parameters is advisable during long-term therapy. This study explores the under-recognized effects of levetiracetam on calcium and vitamin D metabolism in children with epilepsy and this study findings provide valuable evidence for clinicians to monitor bone health alongside seizure control, contributing to safer long-term management in pediatric epilepsy.





Consent

All authors declare that written informed consent was obtained from the patient (or other approved parties) for publication of this original research work. A copy of the written consent is available for review by the Editorial office/Chief Editor/Editorial Board members of this journal.

Ethical approval 
This study was approved by the institutional ethics committee (IEC) of Dr. B. C. Roy post graduate institute of paediatric sciences, Kolkata. Written informed consent was obtained from the parents or legal guardians of all participants prior to enrolment. The study was conducted in accordance with the ethical principles of the declaration of Helsinki and applicable national guidelines. Patient confidentiality was strictly maintained throughout the study. Author confirms that this study is not against the public interest, and the release of information is allowed by legislation.


COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

Definitions, Acronyms, Abbreviations
AEDs. -antiepileptic drugs 
EIAEDs-enzyme-inducing AEDs 
HDU-High Dependency Unit 
PICU-Pediatric Intensive Care Unit 
OPD- outpatient department 
IPD- In-patient department 
SD- standard deviation
IQR- interquartile range
CBC- complete blood count
LFT- liver function test
RFT- renal function test
DIA- direct immunosorbent assay
ELISA- enzyme linked immunosorbent assay
ILAE- international league against epilepsy
WHO- world health organization
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Neuropsychiatric side effect	
Headache	Irritability	Anxiety	Confusion	Fatiguability	Sleepiness	Dizziness	Behaviour abnormality	8.8999999999999996E-2	2.5000000000000001E-2	0.10100000000000001	3.7999999999999999E-2	2.5000000000000001E-2	0	0	0.16500000000000001	types of neuropshyaitric side effects on levetiracetam therapy after 6 months


percentage study population




Musculo skeletal side effect	
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