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Objective: To explore the effect of new antiseizure medication on bone
metabolism and bone mineral density in children.

Methods: The Chinese and English databases (PubMed, EMBASE,
Cochrane Library, CNKI, Wanfang and VIP) were systematically searched
for observational studies evaluating the effects of new antiseizure
medication on bone metabolism and bone mineral density in children
with epilepsy. The effects of new antiseizure medication on serum
calcium, phosphorus, alkaline phosphatase, bone alkaline phosphatase,
parathyroid hormone, 25-hydroxyvitamin D and bone mineral density in
children were systematically evaluated.

Results: After systematic retrieval and screening, 12 studies with high
literature quality (including 629 epileptic children and 627 control
subjects) were included in the systematic evaluation. Meta-analysis
showed that new antiseizure medication decreased bone mineral
density (MD: -0.05, 95%CIl, —0.09, -0.02; P=0.004). From different
kinds of antiseizure medication, levetiracetam can reduce blood
phosphorus concentration in children (MD: -0.04; 95%Cl, -0.07,
—0.01). Oxcarbazepine increased serum alkaline phosphatase in children
(MD:17.98; 95%ClI, 10.43,25.53; P<0.00001), and the increase intensity
was significantly higher than that of levetiracetam (MD: 7.66; 95%Cl,
0.29, 15.02; P =0.04). In addition, oxcarbazepine can cause a significant
increase in parathyroid hormone in children (MD: 7.52; 95%Cl,
3.37,11.66; P=0.0004), and 25 - hydroxyvitamin D was reduced, and
the difference was statistically significant (MD:-2.18; 95%Cl, -3.23,
—1.13; P=0.00006). However, the effects of new antiseizure medication
on serum calcium and bone alkaline phosphatase in children were not
statistically significant

Conclusion: New antiseizure medication have different effects on bone
metabolism and bone mineral density in children with epilepsy, and the
effects of different types of new antiseizure medication are different.

KEYWORDS
children, bone mineral density, bone metabolism, pediatrics, new antiseizure
medication
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Introduction

Epilepsy is one of the most common neurological diseases,
affecting about 50 million people worldwide (1). Epidemiological
survey data show that the possibility of a seizure in one lifetime
is 10%, and the annual incidence of epilepsy is 50.4-81.7/
100,000 (2). Among common epilepsy and children, 5-9 years
old is the peak of epilepsy in children (3). There are significant
changes in growth with an approximately threefold increase in
length, dramatic changes in the relative proportions of limb,
body, and head size, and the accumulation of large amounts of
calcium and phosphate within the bones, from birth to the end
of pubertal growth (4). At present, the use of antiseizure
medication is an effective measure to control the recurrence of
epilepsy, which can control 70% of patients with epilepsy (5).

However, since the 1960s, it has been reported that antiseizure
medication can lead to bone disease (6), more and more scholars
began to pay attention to the effect of antiseizure medication on
bone metabolism. Early reports describe a significantly increased
risk of hypocalcemia, radiologic evidence of rickets, decreased
bone mineral density, and osteomalacia, particularly in subjects
treated with antiseizure medication polytherapy (7, 8). Kumandas
et al. (9) believed that carbamazepine as a liver enzyme inducer
could reduce the bone mineral density of children. Babayigit et al.
(10) found that valproic acid as a non-liver enzyme inducer could
also reduce the bone mineral density of children. Compared with
traditional antiseizure medication, new antiseizure medication has
great improvement in adverse reactions and drug interactions, so
new antiseizure medication is widely used in clinical practice.
Whether new antiseizure medication affects bone metabolism has
attracted more and more attention. As a member of new
antiseizure medication, oxcarbazepine has a weak induction effect
on liver enzymes. Mintzer et al. (11) found that oxcarbazepine
could reduce serum vitamin D in patients with epilepsy, while Jin
et al. (12) did not find the effect of oxcarbazepine on bone
turnover markers and bone mineral density in children. Although
some studies have documented the effects of new antiseizure
medication on bone mineral density and bone metabolism in
children, there is still no consistent report.

Therefore, the purpose of this study is to integrate the
current data and explore the effect of new antiseizure
medication on bone mineral density and bone metabolism in
children with epilepsy, so as to provide high-quality evidence
for the health management of children with epilepsy.

Materials and methods
Search strategy
Following the PRISMA guidebook, A systematic literature

search of PubMed, Embase, Cochrane Library, Web of Science,
CINAHL, CNKI, Wanfang database and VIP database was
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performed from the date of inception of the databases to June 30,
2022. The search terms included Children, Epilepsy, Bone mineral
density, Bone metabolism, antiseizure medication, Ocarbazepine,
Topiramate, Levetiracetam, Lamotrigine, Clobazam, Gabapentin.
Synonyms of each term were also used.

Inclusion of exclusion criteria

Inclusion criteria: (1) Chinese and English studies published in
peer review journals and included only Chinese studies published
in core journals; (2) Subjects were diagnosed with epilepsy in
children, age <18 years old; (3) Treatment with new antiseizure
medication; (4) The control group was healthy people without
drug intervention or epilepsy children without antiseizure
medication or self-control; (5) At least one bone mineral density
or bone metabolism index was included after treatment; (6)
Research types include observational studies and randomized
controlled trials. Exclusion criteria: (1) Non-population studies;
(2) Conference articles, case reports, systematic reviews and
other research types; (3) The outcome information is insufficient
and cannot be analyzed; (4) Repeated reports of literature
research. (5) The study of complete articles cannot be obtained.

Study selection and data extraction

Two reviewers independently reviewed the abstracts and full
text of each article acorrding to inclusion of exclusion criteria.
For disagreements between the two reviewers, a third reviewer
was recruited for discussion until consensus was achieved.
After literature screening, two reviewers independently
respectivly extracted the following information: Literature
information, demographic characteristics of the subjects, and
the information of dosage, duration and outcome indicators
of new antiseizure medication.

Assessments of quality

Newcastle-Ottawa Scale (NOS) was used to evaluate the quality
of observational studies. The scale was evaluated from eight aspects,
including the representativeness of the research population, the
comparability between groups, whether the evaluation of the
results was sufficient, whether the follow-up time was sufficient,
and the integrity of the follow-up. The full score was 9 points. The
total score was 7 points and above for high-quality literature, and
5 points and below for low-quality articles.

Statistical analysis

Revman 5.3 software was used for statistical analysis. The
effect of measurement data is represented by the relative risk
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weighted mean difference (MD), and the 95% confidence
interval (CI) is used to estimate the interval range of the
effect. Heterogeneity test was used to determine the size of
heterogeneity by the test of I%. if I* < 50% or P> 0.1, it was
considered that the included literature was homogeneous, and
the fixed effect model (Mantel-Haenszel) was used for
analysis; if 1> > 50% or P<0.1, it was considered that the
included studies were heterogeneous, and the random effect
model (DerSimonian-Laird) was wused for analysis. If
heterogeneity was large, sensitivity analysis was used to
explore the source of heterogeneity. P < 0.05 indicated that the
difference was statistically significant.

Results

Basic characteristics and literature quality
evaluation of included studies

After systematic search and screening of Chinese and
English databases, 12 eligible studies (10, 12-22) were
included in this study. The flow chart of literature screening is

10.3389/fped.2022.1015691

shown in Figure 1. Twelve studies involved 629 children with
epilepsy and 627 controls. The control group of seven studies
was healthy children, the control group of two studies was
children without antiseizure medication, and the other three
studies were self-control. Seven studies used oxcarbazepine,
four studies used levetiracetam, four studies used topiramate,
and three studies used lamotrigine. The results of literature
quality evaluation showed that the quality of included studies
was high, and the average NOS score was 7.3. The basic
characteristics of more included studies are shown in Table 1.

Effect of new antiseizure medication on
serum calcium in epileptic children

Eleven studies reported the effect of new antiseizure
medication on serum calcium in children with epilepsy. A
total of 616 children took antiseizure medication and 591
control subjects. Six studies used oxcarbazepine, four studies
used levetiracetam and topiramate, one study used
lamotrigine, and another study evaluated the effects of
oxcarbazepine and lamotrigine. Heterogeneity evaluation

Literature obtained by
preliminary retrieval
(n=1310)

Repeated literature

y

Preliminary inclusion of
screened literatures
(n=1096)

(n=214)

Exclusion of systematic
reviews, conference
o] summaries,animal

A

Read full-text screening
(n=728)

experiments, case reports,
etc.
(n=368)

Elimination according to

A

Final inclusion of meta-analysis
(n=12)

FIGURE 1
Flow chart of target literature screening.

inclusion and exclusion
criteria
(n=716)

A
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TABLE 1 Basic characteristics of included studies and literature quality evaluation results table

Study country study sample size Years

(Author, design (0/C) (0/C)

year)

Zhao, 2020 China retrospective 20/20 7.70 £2.96/
cohort 8.34+2.16

Zhang, 2020a China prospective 50/50 9.56 £ 1.28
cohort

Zhang, 2020b China prospective 50/50 9.47 +£1.32
cohort

Zhang, 2012 China retrospective 40/25 3-12
cohort

Zhang, 2010 China retrospective 32/36 10.1+2.4/
cohort 9.1+3.0

Yan, 2020a China prospective 40/40 8.2+249
cohort

Yan, 2020b China prospective 40/40 7.97 £2.54
cohort

Yan, 2020c China prospective 40/40 7.90 £2.53
cohort

Yan, 2020d China prospective 40/40 8.10 £2.48
cohort

Arzu, 2006 Turkey retrospective 14/30 13.13+3.17/
cohort 13.09 +3.09

Raj, 2007 USA retrospective 13/36 12.1+£3.9/
cohort 129+26

Markus, 2009 Austria retrospective 40/41 11.83 +3.0/
cohort 12.08 +3.41

Babacan, 2012 Turkey retrospective 44/33 9.65 + 3.04/
cohort 10.24 +2.86

Serin, 2015 Turkey retrospective 20/20 8.15+3.3/
cohort 7.6+3.3

Zhang, 2008 China retrospective 50/30 3-12
cohort

Jin, 2014a China retrospective 42/42 8.7+2.1
cohort

Jin, 2014b China retrospective 54/54 89+23
cohort

male control Drugs dosage duration NOS
(0/C) group
12/11 healthy OXC 10-40 mg/ 12 months 8
children kg/d
34 self-control OXC 20-30 mg/ 6 months 8
kg/d
35 self-control LEV 20-30 mg/ 6 months
kg/d
21/NR healthy TPM 3-5mg/ 3 months 6
children kg/d
NR patients TPM 3-5mg/ 0.5-1.5 years 7
without drugs kg/d
21 self-control OXC NR 12 months 8
18 self-control TPM NR 12 months
20 self-control LTG NR 12 months
19 self-control LEV NR 12 months
5/14 healthy OXC 15-30 mg/  2.36 +£0.86 8
children kg/d years
6/14 healthy LTG NR 5 years 7
children
28/29 healthy LTG, NR >6 months 6
children OXC
22/17 healthy OXC NR >1 year 8
children
14/13 healthy LEV NR >2 years 8
children
26/NR patients TPM 3-5mg/ 12 months 7
without drugs kg/d
24 self-control OXC 10-60 mg/ 1 year 7
kg/d
30 self-control LEV 5-60 mg/ 1 year
kg/d

O, observation group; C, control group; OXC, oxcarbazepine; LEV, levetiracetam; TPM, topiramate; LTG, lamotrigine; NR, not reported.

results showed that there was significant heterogeneity among
the included studies (P <0.00001). Random effect model was
used and subgroup analysis was performed according to
different drugs. The results of systematic evaluation showed
that
medication, the effects of oxcarbazepine, levetiracetam and

compared with the subjects without antiseizure
topiramate on serum calcium in children with epilepsy were
not statistically significant, and the effects were —0.13 (95%CI,
—0.31, 0.05), —0.02 (95%CI, —0.05, 0.00) and 0.02 (95%CI,
—0.06, 0.10), respectively. In terms of the final combined
effect, the use of new antiseizure medication has a tendency
to reduce the serum calcium content in children with
epilepsy, as shown in Figure 2. Sensitivity analysis showed no
significant heterogeneity, suggesting that the heterogeneity of

included studies was stable.
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Effect of new antiseizure medication on
serum phosphorus in epileptic children

Ten studies involving 15 data reported the results of serum
phosphorus in children with epilepsy after taking antiseizure
medication, of which 576 children with epilepsy took new
antiseizure medication and a total of 566 subjects in the
control group. Six studies used oxcarbazepine, four used
levetiracetam, three used topiramate, one used lamotrigine,
and the other evaluated the effect of oxcarbazepine and
lamotrigine. The heterogeneity evaluation showed that there
was little heterogeneity among the included studies (I* = 41%,
P=0.05), and the fixed effects model was used to calculate
the combined effect size. Meta-analysis showed that serum
phosphorus concentrations were decreased by 0.02 mmol/L
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Subgroup analysis of the effect of new antiseizure medication on serum calcium (mmol/L) in children with epilepsy.
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(95% CI, —0.03, 0.00; P = 0.05) in epileptic children after taking
novel antiseizure medication. Subgroup analysis of different
that
serum  phosphorus
—0.04; 95% CI, —0.07,
—0.01), however, oxcarbazepine and topiramate did not have

classes of novel antiseizure medication showed

levetiracetam  significantly  reduced

concentrations in children (MD:

a statistically significant effect in reducing serum phosphorus
in children compared to controls. See Figure 3.

Effect of new antiseizure medication on
serum alkaline phosphatase in epileptic
children

Nine studies involving 14 data reported the results of serum
alkaline phosphatase in children with epilepsy after taking new
antiseizure medication. Among them, 536 children took new
antiseizure medication, and 525 controls did not take new
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antiseizure medication. Six studies used oxcarbazepine, four
studies used levetiracetam, three studies used topiramate, and
one study used lamotrigine. The heterogeneity evaluation
results showed that the homogeneity among the included
studies was good (I*> =49%, P=0.02), and the fixed effect
model was used for systematic evaluation. Meta-analysis
results showed that compared with the control group, the
serum alkaline phosphatase of epileptic children was
significantly increased after taking new antiseizure medication
(MD: 11.71; 95%CI, 6. 77,16. 65; P <0.00001). For different
types of new antiseizure medication, oxcarbazepine had the
greatest effect on serum alkaline phosphatase (MD: 17.98;
95%CI, 10.43,25.53; P <0.00001), which was significantly
higher than the influence intensity of Levetiracetam (MD:
7.66; 95%CI, 0. 29,15. 02; P=0.04). However, after taking
topiramate, the increase of serum alkaline phosphatase in
children was not statistically significant (MD: 6.50; 95%CI,

—8.65,21.65; P=0.40). See Figure 4.
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FIGURE 3

Subgroup analysis of the effect of new antiseizure medication on serum phosphorus (mmol/L) in epileptic children

Effect of new antiseizure medication on
bone alkaline phosphatase in epileptic
children

Three studies involving five data reported the effects of new
antiseizure medication on bone alkaline phosphatase in
epileptic children. Among them, 246 children took new
antiseizure medication and 226 subjects in the control group.
Two studies used oxcarbazepine and levetiracetam, and
another study used topiramate. The heterogeneity evaluation
results showed that there was a high homogeneity among the
included studies (I*> = 0%, P=0.67), and the fixed effect
model was used for systematic evaluation. Meta-analysis
results showed that the effects of oxcarbazepine, levetiracetam
and topiramate on bone alkaline phosphatase in epileptic
children were not statistically significant, as shown in Figure 5.
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Effect of new antiseizure medication on
parathyroid hormone in children with

epilepsy

Five studies involving eight data reported the effects of new
antiseizure medication on thyroid hormones in children with
epilepsy. Among them, 258 children took new antiseizure
medication, and 263 subjects in the control group. Four
studies used oxcarbazepine, two studies used levetiracetam,
and one study used topiramate and lamotrigine, respectively.
Heterogeneity evaluation results showed that there was a
certain heterogeneity between the included studies (I> = 63%,
P=0.008), and the random effect model was used to calculate
the combined effect. Subgroup analysis showed that after
taking oxcarbazepine, parathyroid hormone was significantly
increased, and the difference was statistically significant (MD:
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But the effects of
thyroid
hormones were not statistically significant, as shown in

7.52; 95%Cl,
levetiracetam,

3.37,11.66; P=0.0004).

topiramate and lamotrigine on
Figure 6. Sensitivity analysis did not find significant sources
of heterogeneity, suggesting that the heterogeneity between

included studies was relatively stable.

Effect of new antiseizure medication on
25-hydroxyvitamin D in epileptic children

Five studies involving nine data reported the effects of new
antiseizure medication on 25-hydroxyvitamin D in epileptic
children, including 338 children in the observation group and
343
oxcarbazepine, two studies used levetiracetam, and one study

subjects in the control group. Five studies used
used topiramate and lamotrigine, respectively. The results of

heterogeneity evaluation suggested that there was low
heterogeneity among the included studies (I* =21%, P=

0.26), and the fixed effect model was used for systematic
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evaluation. The results showed that oxcarbazepine could
reduce 25-hydroxyvitamin D in children with epilepsy, and
the difference was statistically significant (MD: —2.18; 95%CI,
—3.23, —1.13; P=0.00006), the effects
topiramate and lamotrigine on 25 - hydroxyvitamin D were

of levetiracetam,

not statistically significant. See Figure 7.

Effect of new antiseizure medication on
bone mineral density in children with

epilepsy

Ten studies involving 15 data reported the effect of new
antiseizure medication on bone mineral density in children
with epilepsy. Among them, 549 children took new antiseizure
medication, and 561 subjects in the control group. Six studies
used oxcarbazepine, four studies used levetiracetam, three
studies used topiramate, and two studies used lamotrigine. The
results of heterogeneity evaluation showed that the included
studies had good homogeneity (I> = 0%, P=0.48), and the
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FIGURE 5
Subgroup analysis of the effect of new antiseizure medication on bone alkaline phosphatase (U/L) in epileptic children.
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FIGURE 6
Subgroup analysis of the effect of new antiseizure medication on parathyroid hormone (pg/ml) in epileptic children.

fixed effect model was used for systematic evaluation. The results P=0.004). From the results of different types of new
showed that the new antiseizure medication reduced the bone antiseizure  medication, oxcarbazepine and topiramate
mineral density of children (MD: —0.05, 95%CI, —0.09, —0.02; significantly reduced bone mineral density in children, and the
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FIGURE 7
Subgroup analysis of the effect of new antiseizure medication on 25-hydroxyvitamin D (nmol/L) in epileptic children.

difference was statistically significant. However, the effects of
levetiracetam and lamotrigine on bone mineral density were
not statistically significant. See Figure 8.

Discussion

After systematic retrieval and screening of Chinese and
English databases, 12 qualified studies were finally included in
the final systematic evaluation. The results of systematic
evaluation showed that the treatment of new antiseizure
medication was related to the decrease of bone mineral
density. In addition, oxcarbazepine and the increase of serum
alkaline phosphatase and parathyroid hormone, and the
decrease of 25-hydroxyvitamin D were related. Levetiracetam
was associated with decreased serum phosphorus and
increased serum alkaline phosphatase. However, this study did
not find that the effect of new antiseizure medication on
serum calcium and bone alkaline phosphatase in epileptic
children was statistically significant.

Previous studies have shown that there is a correlation
between long-term use of antiseizure medication and
metabolic, endocrine and hormone disorders, even if the
prescribed dose range of antiseizure medication is used (23-
25). Patients with epilepsy are prone to bone health problems.

On average, 50% of patients with epilepsy have bone
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abnormalities (26, 27), and the risk of fracture increases by 2-
6 times (28-30). It is important to recognize that especially
high-dose
coordination which can increase fracture susceptibility (31).

antiseizure  medication may cause poor
Sibling pair studies which compared measures of static and
dynamic balance between siblings treated with antiseizure
medication and siblings on no antiseizure medication showed
that users of antiseizure medication performed significantly
worse on the measures with longer duration of antiseizure
medication therapy resulting in worse scores (32, 33).

The relationship between antiseizure medication and bone
health in patients with epilepsy has been widely recognized. An
explanation mechanism for the decrease of bone mineral
density caused by antiseizure medication is that antiseizure
medication induce the liver P-450 enzyme system, resulting in
an increase in 25-hydroxyvitamin D catabolism, resulting in
relatively hypocalcemia, an increase in parathyroid hormone
level, and ultimately a decrease in bone mineral density (11, 34,
35). However, the exact mechanism remains to be further studied.

Although there are few available data on children, since
childhood is a critical period for bone mass development, the
bone health of children with epilepsy is particularly worthy of
attention. Cansu et al. (36) found that patients treated with
oxcarbazepine compared with healthy controls, alkaline
phosphatase and parathyroid hormone increased significantly,

25-hydroxyvitamin D levels decreased. Babayigit et al. (10)
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FIGURE 8
Subgroup analysis of the effect of new antiseizure medication on bone mineral density in children with epilepsy.

reported that compared with healthy children, children treated
with oxcarbazepine had higher alkaline phosphatase and lower
bone mineral density, which was consistent with the results of
this study. In addition, it is worth noting that previous studies
have shown that children receiving additional antiseizure
medication may have a higher risk of fracture than children
receiving single therapy (37).

This study has some limitations. First of all, due to the
differences in the length of the study and the age, sex ratio,
epilepsies type and drug dose of the subjects, there may be
some heterogeneity between the included studies, resulting in
mixed effects. In addition, the sample size of included studies
was small, and the sample size of two studies was less than
20, which may lead to potential bias among the study
population. Since the current research on children in this field
is relatively small, only 12 target literatures are included for
evaluation in this study, and some outcome indicators are
rarely included. Finally, the included studies were to explore
the relationship between single drug use and bone health, and
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the effect of multi-drug treatment on bone mineral density
and bone metabolism in children with epilepsy was lacking.

Conclusion

In summary, the results of this study suggest that new
antiseizure medication had a certain negative effect on bone
mineral density and bone metabolism in children with
epilepsy. In clinical practice, it is necessary to dynamically
monitor the changes in bone mineral density and bone
metabolism in children with epilepsy during medication, and
give reasonable intervention measures to avoid the occurrence
of adverse outcomes. In addition, due to the limitations of
this study, more high-quality studies are needed in the future
to further determine the impact of new antiseizure medication
on children with epilepsy and clarify the relationship between
drug type, drug dose, medication time and other factors and
bone mineral density and bone metabolism.

frontiersin.org


https://doi.org/10.3389/fped.2022.1015691
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Zhuo and Zhang

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material, further
inquiries can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed
and approved by Maternal and Child Health Hospital of

Inner Mongolia Autonomous Region. The patients/

participants provided their written informed consent to
participate in this study.

Author contributions

(I) Conception and design: LZ. (II) Administrative support:
LZ. (IIT) Provision of study materials or patients: YZ. (IV)
Collection and assembly of data: YZ. (V) Data analysis and

References

1. World Health Organization. WHO Epilepsy: A public Health Initiative.
Geneva (2019).

2. GBD 2016 Epilepsy Collaborators. Global, regional, and national burden of
epilepsy, 1990-2016: a systematic analysis for the Global Burden of Disease
Study 2016. Errat: Lancet Neurol. (2019) 18(5):459-80. doi: 10.1016/S1474-4422
(18)30454-X

3. Falco-Walter J. Epilepsy-definition, classification, pathophysiology, and
epidemiology. Semin Neurol. (2020) 40(6):617-23. doi: 10.1055/s-0040-1718719

4. Wand Q, Seeman E. Skeletal growth and peak bone strength. Best Pract Res
Clin Endocrinol Metab. (2008) 22(5):687-700. doi: 10.1016/j.beem.2008.07.008

5. Hamed SA. Markers of bone turnover in patients with epilepsy and their
relationship to management of bone diseases induced by antiepileptic drugs.
Expert Rev Clin Pharmacol. (2016) 9(2):267-86. doi: 10.1586/17512433.2016.
1123617

6. Verrotti A, Coppola G, Parisi P, Mohn A, Chiarelli F. Bone and calcium
metabolism and antiepileptic drugs. Clin Neurol Neurosurg. (2010) 112(1):1-10.
doi: 10.1016/j.clineuro.2009.10.011

7. Kruse R. Osteopathien bei antiepileptischer Langzeittherapie (Vorldufige
Mitteilung) [Osteopathies in antiepileptic long-term therapy (preliminary
report)]. Monatsschr Kinderheilkd. (1968) 116(6):378-81.

8. Hahn TJH, Scharp CR, Boisseau VC, Haddad JG. Serum 25-hydroxycalciferol
levels and bone mass in children on chronic anticonvulsant therapy. NEJM. (1975)
292:550-4. doi: 10.1056/NEJM197503132921102

9. Kumandas S, Koklu E, Gimis H, Koklu S, Kurtoglu S, Karakukcu M, et al.
Effect of carbamezapine and valproic acid on bone mineral density, IGF-I and
IGFBP-3. ] Pediatr Endocrinol Metab. (2006) 19(4):529-34.

10. Babayigit A, Dirik E, Bober E, Cakmakci H. Adverse effects of antiepileptic
drugs on bone mineral density. Pediatr Neurol. (2006) 35(3):177-81. doi: 10.1016/
j.pediatrneurol.2006.03.004

11. Mintzer S, Boppana P, Toguri J, DeSantis A. Vitamin D levels and bone
turnover in epilepsy patients taking carbamazepine or oxcarbazepine. Epilepsia.
(2006) 47(3):510-5. doi: 10.1111/§.1528-1167.2006.00460.x

12. Jin C, Zhang S, Pang BD. Effect of new antiepileptic drugs on bone
metabolism in children with epilepsy. Matern Child Health Care China. (2014)
29(05):718-20.

Frontiers in Pediatrics

10.3389/fped.2022.1015691

interpretation: YZ. (VI) Manuscript writing: All authors. All
authors contributed to the article and approved the submitted
version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

13. Zhao HM, Wu YH, Han H, Du LJ, Yang YS, Jia LF, et al. The effects of
oxcarbazepine on thyroid function and bone metabolism in children with
epilepsy. Matern Child Health Care China. (2020) 35(13):2421-6. doi: 10.19829/
j.zgfybj.issn.1001-4411.2020.13.023

14. Zhang XL, Zhang YD, He HF, Ji CY, Yang X, Ren SH. Effects of valproic
acid, oxcarbazepine, and levetiracetam monotherapy on efficacy and bone
metabolism in school-age children with epilepsy. Chin ] Child Health Care.
(2020) 28(03):331-4. doi: 10.11852/zgetbjzz2019-0451

15. Zhang YL. Effect of topiramate on bone metabolism in children with
epilepsy. Matern Child Health Care China. (2012) 27(21):3369-71.

16. Zhang J, Wang KX, Wei Y, Xu MH, Su JM, Bao YG, et al. Effects of
topiramate and carbamazepine on bone metabolism in children with epilepsy.
Chin ] Contemp Pediatr. (2010) 12(02):96-8.

17. Yan M, Wu YH, Han H, Shi KL. A prospective study on the effect of new
antiepileptic drugs on bone metabolism in children with epilepsy. Chin J Appl
Clin Pediatr. (2020) 35(04):289-92. doi: 10.3760/cma.j.cn101070-20191031-01071

18. Sheth RD, Hermann BP. Bone mineral density with lamotrigine
monotherapy for epilepsy. Pediatr Neurol. (2007) 37(4):250-4. doi: 10.1016/j.
pediatrneurol.2007.05.018

19. Rauchenzauner M, Griesmacher A, Tatarczyk T, Haberlandt E, Strasak A,
Zimmerhackl LB, et al. Chronic antiepileptic monotherapy, bone metabolism,
and body composition in non-institutionalized children. Dev Med Child Neurol.
(2010) 52(3):283-8. doi: 10.1111/j.1469-8749.2009.03402.x

20. Babacan O, Karaoglu A, Vurucu S, Yesilkaya E, Yesilyurt O, Cayci T, et al.
May long term oxcarbazepine treatment be lead to secondary
hyperparathyroidism? J Clin Neurol. (2012) 8(1):65-8. doi: 10.3988/jcn.2012.
8.1.65

21. Serin HM, Kog ZP, Temelli B, Esen I. The bone mineral content alterations
in pediatric patients medicated with levetiracetam, valproic acid, and
carbamazepine. Epilepsy Behav. (2015) 51:221-4. doi: 10.1016/j.yebeh.2015.06.025

22. Zhang S, Pang BD, Cao LH, Liu Y, Dong X. Effect of topiramate on bone
metabolism in children aged 3~12 years with epilepsy. Matern Child Health
Care China. (2008) 23(35):5007-8.

23. Hamed SA. Influences of bone and mineral metabolism in epilepsy. Expert
Opin Drug Saf. (2011) 10(2):265-80. doi: 10.1517/14740338.2011.534455

frontiersin.org


https://doi.org/10.1016/S1474-4422(18)30454-X
https://doi.org/10.1016/S1474-4422(18)30454-X
https://doi.org/10.1055/s-0040-1718719
https://doi.org/10.1016/j.beem.2008.07.008
https://doi.org/10.1586/17512433.2016.1123617
https://doi.org/10.1586/17512433.2016.1123617
https://doi.org/10.1016/j.clineuro.2009.10.011
https://doi.org/10.1056/NEJM197503132921102
https://doi.org/10.1016/j.pediatrneurol.2006.03.004
https://doi.org/10.1016/j.pediatrneurol.2006.03.004
https://doi.org/10.1111/j.1528-1167.2006.00460.x
https://doi.org/10.19829/j.zgfybj.issn.1001-4411.2020.13.023
https://doi.org/10.19829/j.zgfybj.issn.1001-4411.2020.13.023
https://doi.org/10.11852/zgetbjzz2019-0451
https://doi.org/10.3760/cma.j.cn101070-20191031-01071
https://doi.org/10.1016/j.pediatrneurol.2007.05.018
https://doi.org/10.1016/j.pediatrneurol.2007.05.018
https://doi.org/10.1111/j.1469-8749.2009.03402.x
https://doi.org/10.3988/jcn.2012.8.�1.�65
https://doi.org/10.3988/jcn.2012.8.�1.�65
https://doi.org/10.1016/j.yebeh.2015.06.025
https://doi.org/10.1517/14740338.2011.534455
https://doi.org/10.3389/fped.2022.1015691
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Zhuo and Zhang

24. Hamed SA, Fida NM, Hamed EA. States of serum leptin and insulin in
children with epilepsy: risk predictors of weight gain. Eur ] Paediatr Neurol.
(2009) 13(3):261-8. doi: 10.1016/j.¢jpn.2008.05.005

25. Hamed SA, Hermann BP, Moussa EM, Youssef AH, Rageh TA, Elserogy YE,
et al. Evaluation of penile vascular status in men with epilepsy with erectile
dysfunction. Seizure. (2015) 25:40-8. doi: 10.1016/j.seizure.2014.12.002

26. Souverein PC, Webb DJ, Petri H, Weil ], Van Staa TP, Egberts T. Incidence
of fractures among epilepsy patients: a population-based retrospective cohort
study in the General Practice Research Database. Epilepsia. (2005) 46(2):304-10.
doi: 10.1111/j.0013-9580.2005.23804.x

27. Nilsson OS, Lindholm TS, Elmstedt E, Lindbick A, Lindholm TC. Fracture
incidence and bone disease in epileptics receiving long-term anticonvulsant drug
treatment. Arch Orthop Trauma Surg. (1986) 105(3):146-9. doi: 10.1007/
BF00433931

28. Andress DL, Ozuna J, Tirschwell D, Grande L, Johnson M, Jacobson AF,
et al. Antiepileptic drug-induced bone loss in young male patients who have
seizures. Arch Neurol. (2002) 59(5):781-6. doi: 10.1001/archneur.59.5.781

29. Jetté N, Lix LM, Metge CJ, Prior HJ, McChesney ], Leslie WD. Association of
antiepileptic drugs with nontraumatic fractures: a population-based analysis. Arch
Neurol. (2011) 68(1):107-12. doi: 10.1001/archneurol.2010.341

30. Beerhorst K, Tan J, Tan IY, Verschuure P, Aldenkamp AP. Dual-energy x-
ray absorptiometry versus quantitative ultrasonography in diagnosing
osteoporosis in patients with refractory epilepsy and chronic antiepileptic drug

Frontiers in Pediatrics

12

10.3389/fped.2022.1015691

use. Ther Adv
1759720X13475851

31. Camfield P, Camfield C, Busiah K, Cohen D, Pack A, Nabbout R. The
transition from pediatric to adult care for youth with epilepsy: basic biological,
sociological, and psychological issues. Epilepsy Behav. (2017) 69:170-6. doi: 10.
1016/j.yebeh.2016.11.009

32. Ahmad B S, Wark JD, Petty SJ, O’Brien TJ, Gorelik A, Sambrook PN, et al.
Changes in balance function with chronic antiepileptic drug therapy: a twin and
sibling study. Epilepsia. (2015) 56(11):1714-22. doi: 10.1111/epi.13136

33. Petty SJ, Hill KD, Haber NE, Paton LM, Lawrence KM, Berkovic SF, et al.
Balance impairment in chronic antiepileptic drug users: a twin and sibling
study. Epilepsia. (2010) 51(2):280-8. doi: 10.1111/j.1528-1167.2009.02254.x

Musculoskelet  Dis.  (2013)  5(2):59-66. doi: 10.1177/

34. Pack AM, Morrell MJ. Adverse effects of antiepileptic drugs on bone
structure: epidemiology, mechanisms and therapeutic implications. CNS Drugs.
(2001) 15(8):633-42. doi: 10.2165/00023210-200115080-00006

35. Tjellesen L, Gotfredsen A, Christiansen C. Effect of vitamin D2 and D3 on
bone-mineral content in carbamazepine-treated epileptic patients. Acta Neurol
Scand. (1983) 68(6):424-8. doi: 10.1111/j.1600-0404.1983.tb04854.x

36. Cansu A, Yesilkaya E, Serdaroglu A, Hirfanoglu TL, Camurdan O, Giilbahar
O, et al. Evaluation of bone turnover in epileptic children using oxcarbazepine.
Pediatr Neurol. (2008) 39(4):266-71. doi: 10.1016/j.pediatrneurol.2008.07.001

37. Gniatkowska-Nowakowska A. Fractures in epilepsy children. Seizure. (2010)
19(6):324-5. doi: 10.1016/j.seizure.2010.04.013

frontiersin.org


https://doi.org/10.1016/j.ejpn.2008.05.005
https://doi.org/10.1016/j.seizure.2014.12.002
https://doi.org/10.1111/j.0013-9580.2005.23804.x
https://doi.org/10.1007/BF00433931
https://doi.org/10.1007/BF00433931
https://doi.org/10.1001/archneur.59.5.781
https://doi.org/10.1001/archneurol.2010.341
https://doi.org/10.1177/1759720X13475851
https://doi.org/10.1177/1759720X13475851
https://doi.org/10.1016/j.yebeh.2016.11.009
https://doi.org/10.1016/j.yebeh.2016.11.009
https://doi.org/10.1111/epi.13136
https://doi.org/10.1111/j.1528-1167.2009.02254.x
https://doi.org/10.2165/00023210-200115080-00006
https://doi.org/10.1111/j.1600-0404.1983.tb04854.x
https://doi.org/10.1016/j.pediatrneurol.2008.07.001
https://doi.org/10.1016/j.seizure.2010.04.013
https://doi.org/10.3389/fped.2022.1015691
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Effects of new antiseizure medication on bone metabolism and bone mineral density in children: A meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Inclusion of exclusion criteria
	Study selection and data extraction
	Assessments of quality
	Statistical analysis

	Results
	Basic characteristics and literature quality evaluation of included studies
	Effect of new antiseizure medication on serum calcium in epileptic children
	Effect of new antiseizure medication on serum phosphorus in epileptic children
	Effect of new antiseizure medication on serum alkaline phosphatase in epileptic children
	Effect of new antiseizure medication on bone alkaline phosphatase in epileptic children
	Effect of new antiseizure medication on parathyroid hormone in children with epilepsy
	Effect of new antiseizure medication on 25-hydroxyvitamin D in epileptic children
	Effect of new antiseizure medication on bone mineral density in children with epilepsy

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


