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Purpose: Numerous studies have shown that the risk of fracture is increased by long-term antiepileptic drugs
(AEDs). Valproic acid (VPA) is one of the most commonly used AEDs. In this meta-analysis, we aimed to assess
the effects of VPA on bone mineral density (BMD) and bone metabolism.

Methods: PubMed, Embase, Cochrane and Web of Science databases were searched from inception to January
2019 for articles focusing on the effects of VPA on BMD and bone metabolism in adults or children. A meta-
analysis was performed using RevMan 5. 3 software.

Results: 18 studies were included in the meta-analysis. The BMD of lumber spine (MD= —0.06, 95%CI: —0.09
to —0.03, P < 0.0001) and femoral neck (MD= —0.05, 95% CI= —0.08 to —0.01, P = 0.02) was markedly
decreased in the VPA group compared to healthy controls. Serum bone-specific alkaline phosphatase (BALP)
level (SMD = 0.85, 95% CI: 0.30-1.40, P = 0.002) was notably increased in the VPA group compared to healthy
groups. In the child group, the serum parathyroid hormone (PTH) level was higher than in healthy groups
(SMD = -0.22, 95% CI: —0.40 to —0.04, P = 0.02); besides, the serum 25-hydroxy vitamin D3 (25(OH)D3) level
was decreased (SMD= -0.22, 95% CI: —0.40 to —0.04, P = 0.02), while no significant alteration of these
parameters was noted in the adult VPA group (P = 0.05).

Conclusions: VPA may reduce the BMD of lumbar spine and femoral neck in patients with epilepsy while in-
creasing the serum BALP level. Serum PTH level are increased and serum 25(0H)D3 level decreased in children
with epilepsy treated with VPA. These parameters were unaltered in adults.

1. Introduction

Epilepsy is a neurological disease, influencing about 65 million in-
dividuals worldwide [1]. It has been reported that patients with epi-
lepsy typically experience clinical problems in their bones [2]. This
disease may associate with multiple factors, such as long-term use of
antiepileptic drugs(AEDs), coexisting cerebral palsy and mental re-
tardation, reduced physical activity, inappropriate dietary habits with
insufficient vitamin D intake, and reduced exposure to sunlight [3]. A
strong evidence indicated an association between AEDs and bone ab-
normalities, ranging from disorders of bone mineral metabolism to
decrease in bone mineral density (BMD) to increase fracture risk [4]. In
addition, it has been expressed that more than 50% of patients with
epilepsy who take AEDs suffer from bone abnormalities [5].

Typical enzyme-inducing antiepileptic drugs (EIAEDs), such as

phenytoin, carbamazepine, and phenobarbital have been reported to
reduce BMD and affect bone metabolism. There was no agreement re-
garding the effects of valproic acid (VPA) as enzyme inhibitor on BMD
and bone metabolism [6]. A number of studies [7-10] found that
chronic VPA therapy for more than 1year was associated with de-
creased BMD in patients with epilepsy, while others [11-14] demon-
strated that VPA monotherapy did not increase bone loss. Therefore, the
present meta-analysis was conducted to assess the effects of VPA on
BMD and bone metabolism markers in patients with epilepsy.

2. Methods
We conducted a meta-analysis in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement. This meta-analysis was certified according to the

* Corresponding author at: No. 56 Jiefang South Road, Yingze District, Taiyuan City, Shanxi Province, 030001, China.
E-mail addresses: 1219901996@qq.com (D. Fan), 18234111681 @163.com (J. Miao), fxq519@163.com (X. Fan), 1397516285@qq.com (Q. Wang),

sunmeizhen213@126.com (M. Sun).

https://doi.org/10.1016/j.seizure.2019.10.017

Received 30 April 2019; Received in revised form 20 October 2019; Accepted 23 October 2019
1059-1311/ © 2019 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/10591311
https://www.elsevier.com/locate/seizure
https://doi.org/10.1016/j.seizure.2019.10.017
https://doi.org/10.1016/j.seizure.2019.10.017
mailto:1219901996@qq.com
mailto:18234111681@163.com
mailto:fxq519@163.com
mailto:1397516285@qq.com
mailto:sunmeizhen213@126.com
https://doi.org/10.1016/j.seizure.2019.10.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.seizure.2019.10.017&domain=pdf

D. Fan, et al.

Box 1
Ilustration of the process of literature searching in PubMed database.
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#1 "Epilepsy"[Mesh]
#2 'Seizure Disorder'[Title/Abstract]
#3 'Seizures, Epileptic'[Title/Abstract]
#4 'Epilepsy, Cryptogenic'[Title/Abstract]
#5 Aura[Title/Abstract]
#6 #1 OR #2 OR #3 OR #4 OR #5
#7 "Valproic Acid"[Mesh]
#8 'Propylisopropylacetic Acid'[Title/Abstract]
#9 Divalproex[Title/Abstract]
#10 Depakene[Title/Abstract]
#11 #7 OR #8 OR #9 OR #10
#12 "Bone Density"[Mesh]
#13 'bone mineral density'[Title/Abstract]
#14 'bone mineral content'[Title/Abstract]
#15 #12 OR #13 OR #14
#16 'bone metabolism'[Title/Abstract]
#17 "Osteoporosis"[Mesh]
#18 osteoporoses|[Title/Abstract]
#19 #17 OR #18
#20 #15 OR #16 OR #19
#21 #6 AND #11 AND #20

International Prospective Register of Systematic Reviews (PROSPERO)
on 29 January 2019 (Registration No. CRD42019123650).

2.1. Search strategy

Two researchers (DY.F. and J.M.) respectively searched in the
PubMed, Embase, Cochrane and Web of Science databases to find out
articles written in English related to the effects of VPA on the BMD and
bone metabolism from inception to January 2019. The search terms
were as follows: “Epilepsy” [Mesh], “Seizures, Epileptic”, “Seizure
Disorder”, “Valproic Acid” [Mesh], “Divalproex”, ‘Depakene”,
“Propylisopropylacetic Acid”, “Bone metabolism”, “Bone Density”
[Mesh], “Bone mineral density”, “Bone mineral content”,
“Osteoporosis” [Mesh], and “Osteoporoses”. Taking PubMed database
as an example, the process of literature searching is shown in Box 1.

2.2. Study selection, data extraction and quality assessment

The following inclusion criteria were applied:1) study focusing on
the effects of VPA on BMD and bone metabolism in patients with epi-
lepsy, in which all the patients received no additional medication, vi-
tamin or supplements, and none of the patients had motor and mental
retardation, cerebral palsy, abnormal neurological examination find-
ings or brain injury, 2) the study was designed as a cohort study and a
cross-sectional study, 3) enrollment of healthy controls, 4) measuring of
the serum levels of 25-hydroxyvitamin D [25(OH)D3], calcium(Ca),
parathyroid hormone (PTH), and bone-specific alkaline phosphatase
(BALP), 5) measuring of BMD in lumber spine, femoral neck, and total
hip, 6) calculation of mean and standard deviation (mean #+ SD) of
BMD (or bone metabolism).

The titles and abstracts of the identified articles were checked and
independently reviewed by two of the authors (DY.F. and J.M.), and
any discrepancies was resolved by discussion or consulting with the
senior author (MZ.S.). The data extraction included the following items:
basic information (the first author, publication year, study location,
study design); baseline characteristics of the study subjects (gender,
age, sample size of test group and control group, duration of drug
therapy, etc.); Outcome indicators (BMD of lumber spine, femoral neck,
and total hip, bone metabolism markers of serum 25(0OH)Ds, Ca, PTH,
and BALP).

The two authors separately assessed the quality of the included
studies. Any disagreement was resolved via discussion with a third
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reviewer, after which the study was re-evaluated. We evaluated cohort
studies using the Newcastle Ottawa Scale(NOS) in the domains of se-
lection, comparability, and outcome. And we assessed cross-sectional
studies according to a checklist presented by the Agency for Healthcare
Research and Quality (AHRQ). The AHRQ checklist consists of 11 items,
with categories of ‘yes’, ‘no’, or “unclear’.

2.3. Statistical analysis

All statistical analyses were performed using Review Manager 5.3
(Cochrane Collaboration). The BMD was measured using the same scale
in each study, thus, mean difference (MD) with 95% confidence interval
(95%CI) were used to compare continuous variables. The bone meta-
bolism was measured using different scales in each study, therefore, the
standardized mean difference (SMD) and the 95%CI were employed.
The I? was used to examine between-study heterogeneity. If I* > 50%,
the heterogeneity was unacceptable. The data were analyzed by using a
random-effects model. If I? < 50%, the heterogeneity was acceptable
and the data were analyzed with a fixed-effects model. Statistical sig-
nificance was set at P <0.05.An obvious heterogeneity was treated by
subgroup analysis or sensitivity analysis, or only descriptive analysis.

3. Results
3.1. Study identification and selection

A flow diagram of the identification of studies was shown in Fig. 1.
Among a total of 513 studies that were identified from the initial
search. After removing duplication, 461 articles remained. After the
abstracts and titles of 388 studies were reviewed, 73 articles remained.
Through the full text review, 73 studies were excluded. Finally, 18
articles met our inclusion criteria, and these were included in this meta-
analysis (Table 1).

3.2. Quality assessment of included studies

Results of quality assessments of the final 18 studies are presented in
Tables 2 and 3.

3.3. Meta-analysis of BMD of lumbar spine

Nine studies reported the data related to the effects of VPA on BMD
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Records identified through
database searching
(n=513)

Additional records identified
through other sources

(n=0)

l

Duplicate articles

removed(n=52)

(n=461

Records after duplicates removed
)

Records excluded arter tes

and abstracts examined:
No relation(n=212)

Review (n=89)
Animal studies(n=6)
Case(n=5

eligibility
(n=73)

Full-text articles assessed for

(n=5)
No healthy control group(n=76)

Full-text articles excluded with
reasons(n=55):

Studies included in
meta-analysis
(n=18)

Not English(n=3)
No VPA monotherapy (n=10)
No relevent datas(n=42)

Fig. 1. Flow diagram of the literature search and study selection process.

of lumbar spine. The random-effects model showed that BMD of lumbar
spine in the VPA group was significantly lower than that in the control
group (MD= —0.06, 95%CI: —0.09 to —0.03, P < 0.0001). Subgroup
analysis was performed according to the patients’ age (children: < 18
years old). The BMD of lumbar spine in child VPA group (MD= —0.05,
95%CI: —0.08 to —0.01, P = 0.008) and adult VPA group (MD=
—0.07, 95%CI: —0.12 to —0.02, P = 0.006) was remarkably lower
than that in the control group (Fig. 2).

3.4. Meta-analysis of BMD of femoral neck

Six studies were included in the meta-analysis of BMD of femoral
neck. The random-effects model revealed that the BMD of femoral neck
in the VPA group was lower than that in the control group (MD =-0.05,
95% CI: -0.08 to -0.01, P = 0.02). Subgroup analysis was undertaken
according to the patients’ age. The BMD of femoral neck in the adult

Table 1
Characteristics of the studies included in the meta-analysis.

Table 2
Quality of the cohort studies according to the NOS.

Study Selection Comparability Outcome Total score
Hasaneen et al. [10] * %k k * Kk * * 9
Shiek et al. [15] 2. 8. 8.8 %k k * %k 8
Verrotti et al. [20] * % %k * %k * * k 9
Boluk et al. [9] * %k k * Kk * 8

*, present and with score =1; %, not without presentation or being unclear and
with score=0.

VPA group was lower than that in the control group (MD= —0.05, 95%
CI: —0.10 to —0.00, P = 0.03). There was no significant difference
regarding the effects of VPA on BMD of femoral neck between the child
VPA group and the control group (MD= -0.02, 95% CI: —0.10 to
0.05, P = 0.53) (Fig. 3).

Study Country Design Outcome VPA Control Duration (year)
P(M/F) Age(year) C(M/F) Age(year)

Hasaneen et al. [10] Egypt Co 21(13/8) 6.2 + 3.1 80 (41/39) 8.7 = 3.4 1.45

Shiek et al. [15] Australia Co [006] 13(7/6) 43 = 18 53(33/20) 44 + 15 1

Albaghdadi et al. [7] Iraq Cr 50(18/32) 27.2 = 5.1 50 (17/33) 26 £ 7.2 84 =53

Serin et al. [12] Turkey Cr 28 (17/11) 8.11 + 3.95 20(7/13) 7.6 + 3.3 =2

Turan et al. [16] Turkey Cr ® 51(-) 4-12 44(-) 8.2 =0.5

Salimipour et al. [6] Iran Cr [006] 22(-) 21.8 + 10.31 38(-) 30 + 6.13 3.60

Zare et al. [17] Iran Cr 62(14/48) 25.6 = 0.9 40(8/32) 233 = 0.8 85 * 1.1

Heo et al. [18] Korea Cr 32(0/32) 28.5 + 6.8 36(0/36) 28.4 = 6.5 6.6

Aksoy et al. [19] Turkey Cr 53(25/28) 84 = 20 50(31/19) 82 =19 =2

Verrotti et al. [20] Ttaly Co 20(-) =18 200 - 1

Kwasa et al. [11] Kenya Cr @ 57(0/57) 26.4 + 7.7 53(0/53) 28.7 = 9.3 >1

Rauchenzauner et al. [21] Australia Cr 85(38/47) 12.4 41(29/12) 12.1 =>0.5

Babayigit et al. [22] Turkey Cr 31(15/16) 11.18 = 4.07 30(15/15) 13.09 = 3.09 3.32 = 1.09

Kumandas et al. [23] Turkey Cr 33(16/17) 8.8 =+ 2.0 22(9/13) 89 + 23 =2

Oner et al. [24] Turkey Cr 33(-) 7.1 = 3.5 33() 7.4 £ 2.8 =0.5

Ecevit et al. [25] Turkey Cr €] 16(-) 10.59 = 3.16 31() 11.52 = 2.61 2.03 = 0.88

Boluk et al. [9] Turkey Co 50(24/26) 289 + 5.0 60(30/30) 30.4 = 5.6 6.7 + 4.0

Voudris et al. [26] Greece Cr @ 47(-) 8.1 + 3.9 47(-) 81 = 3.9 1-5

Co = cohort study, Cr = Cross-sectional study, ©BMD of lumber spine, @BMD of femoral neck, ®BMD of total hip, @ serum calcium, ®serum PTH, ®serum 25(OH)D3,

@serum BALP, P: patients with epilepsy, C: control, M/F: Male/Female, -: Not reported.
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Table 3
Quality of the cross-sectional studies according to the AHRQ.

Study Quality assessment by AHRQ

1 2 3 4 5 6 7 8 9 10 11 Score

Albaghdadi et al.
[7]

*
*
*
*
%
*
*
*
*
*
%*
N

Serin et al. [12] * Kk Kk K K ok Kk ok K Kk Y 7
Turan et al. [16] *x k kK K Kk Kk Kk K *x KX 7
Salimipouretal. [6] * *x * * % % * * % * % 6
Zare et al. [17] * Kk xk KX KX ok k Kk X Kx K 7
Heo et al. [18] *x ok Kk & & Kk Kk Kk KX *x Y 7
Aksoy et al. 19] *x Kk Kk K K Kk Kx K K K K 7
Kwasa et al. [11] * Kk x KX KX ok k kX Kx K 7
Rauchenzauner * xk kKX KX ok ok ok X Kk K 7
etal. [21]
Babayigitetal. [22] * * * % X * Kk Kk K Kk K 7
Kumandas et al. * Kk X KX KX ok ok Kk X Kk K 7
[23]
Oner et al. [24] * Kk Kk K K Kk Kk K K * Y 7
Ecevit et al. [25] * xk xk KX KX ok k kX Kk K 7
Voudrisetal. [26] * * * % % * * *x * * ¥ 7

1.Source of information; 2. Inclusion and exclusion criteria; 3. Period; 4.
Consecutive subjects; 5. Subjective components; 6. Quality assurance; 7.
Explanation of exclusions; 8. Control of confounding factors; 9. Handling of
missed data; 10. Completeness of data collection; 11. Follow-up. %, Present
with score = 1; ¥, Absence or unclear with score = 0.a

3.5. Meta-analysis of BMD of total hip

Four studies reported the data related to the effects of VPA on BMD
of total hip. All patients in the VPA group were adult. The fixed-effects
model uncovered that there was no significant difference in BMD of
total hip between the VPA group and the control group (MD = —0.01,
95% CI: —0.04 to 0.03, P = 0.77) (Fig. 4).

3.6. Meta-analysis of serum calcium level

A total of 13 articles expressed the data related to the effects of VPA
on serum calcium level. The random- effects model disclosed there was
no significant difference regarding the effects of VPA on serum calcium
level between the VPA group and the control group (SMD = 0.01, 95%
CI: —0.50 to 0.51, P = 0.98). Subgroup analysis was performed ac-
cording to the patients’ age. Compared with control group, there was no
significant difference in the child VPA group (SMD = 0 .04, 95% CI:
—0.61 to 0.70, P = 0.90) or the adult VPA group (SMD= —0.04, 95%
CI: —0.88 to 0.81, P = 0.93) (Fig. 5).

VPA group control
Study or Subgroup Mean SD Total Mean
1.1.1 children

Aksoy 2011 0.58 0.076 53 0606 008 50 19.0%
Babayigit 2006 0.665 0.198 31 0.807 0127 30 7.7%
Hasaneen 2017 063 017 21 068 017 80 7.9%
Kumandas 2006 0.6 0.08 33 065 009 22 141%
Oner 2004 0.58 0.2 33 057 04 33 87%
Subtotal (95% CI) 171 215 57.4%

Heterogeneity: Tau®= 0.00; Chi*= 7.37, df= 4 (P =0.12); F= 46%
Test for overall effect: Z= 2.65 (P = 0.008)

1.1.2 adults

Albaghdadi 2016 092 0.089 50 096 01 50 17.0%
Boluk 2004 0.774 0175 50 0.894 0102 60 12.6%
Salimipour 2013 0917 0.231 22 1.028 0131 38 55%
Shiek 2016 1.025 0.148 13 1.045 0111 53 7.4%
Subtotal (95% CI) 135 201  42.6%

Heterogeneity: Tau®= 0.00; Chi*= 7.39, df= 3 (P = 0.06); F=59%
Test for overall effect: Z= 2.73 (P = 0.006)

Total (95% Cl) 306 416 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 16.46, df=8 (P = 0.04); F=51%
Test for overall effect: Z= 4.01 (P < 0.0001)
Test for subarous differences: Chi*= 0.52. df=1 (P=0.47). F= 0%

SD Total Weiaht IV, Random. 95% Cl
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3.7. Meta-analysis of serum PTH level

Nine studies were included in the meta-analysis of serum PTH level.
The random-effects model disclosed that there was no significant dif-
ference regarding the effects of VPA on serum PTH level between the
VPA group and the control group (SMD = 0.30, 95% CI: 0.11 to 0.50,
P = 0.002). Subgroup analysis was undertaken according to the pa-
tients’ age. It was noted that serum PTH level in child VPA group was
higher than that in the control group (SMD = 0.42, 95% CI: 0.16 to
0.68, P = 0.002). There was no significant difference between the adult
group and the control group (SMD = 0.23, 95% CI: -0.08 to 0.54,
P = 0.14) (Fig. 6).

3.8. Meta-analysis of serum 25(0OH)D3 level

Nine studies reported the data related to the effects of VPA on serum
25(0H)Ds level. The fixed-effects model showed that the serum 25(0OH)
D3 level in the VPA group was lower than that in the control group
(SMD = -0.18, 95% CI: -0.33 to -0.03, P = 0.02). Subgroup analysis was
performed according to the patients’ age. Additionally, serum 25(0OH)
D3 level in the child VPA group was lower than in the control group
(SMD= -0.22, 95% CI: -0.40 to -0.04, P = 0.02); there was no sig-
nificant difference in serum 25(OH)D; level between the adult VPA
group and the control group (SMD= -0.08, 95% CI: -0.35 to 0.19,
P = 0.56) (Fig. 7).

3.9. Meta-analysis of serum BALP level

Four studies reported the data related to the effects of VPA on serum
BALP level. There was one study showed that the serum BALP level in
the child VPA group was higher than that in the control group
(SMD = 0.90, 95% CI: 0.47-1.32). The random-effects model of the
other three studies revealed that serum BALP level in the adult VPA
group was significantly higher than that in the control group
(SMD = 0.85, 95% CI: 0.30-1.40, P = 0.002) (Fig. 8).

3.10. Sensitivity analysis

Excluding ineligible studies one-by-one and re-conducting the meta-
analysis did not significantly influence the outcomes, indicating that the
results of the present meta-analysis were promising.

3.11. Publication bias

In the current study, 13/18 articles concentrated on the influences
of VPA on serum calcium level were involved. Therefore, the funnel

Mean Difference
V. Random, 95% CI

Mean Difference

-0.03 [-0.06, 0.00] -
-0.14 [-0.23,-0.06] —

-0.05[-0.13,0.03]
-0.05 [-0.10,-0.00]

-0.01 [-0.08, 0.07]
-0.05[-0.08, -0.01]

o

-0.04 [-0.08,-0.00] ——]
-0.12[-0.17,-0.07]
-0.11 [0.22,-0.01)

-0.02[-0.11,0.07)
-0.07 [-0.12,-0.02]

-0.06 [-0.09, -0.03] L 4

02 -01 0 01 02
Favours[VPA] Favours[control]

Fig. 2. Meta-analysis of the effects of VPA on BMD of lumbar spine.
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VPA group control
Study or Subgrou Mean SD_Total Mean

2.1.1 children

Ecevit2004 067 0.08 16 073 009 31 18.3%
Serin 2015 06 013 28 058 0.13 200 13.2%
Subtotal (95% CI) 44 51 31.5%
Heterogeneity: Tau®= 0.00; Chi*= 3.03, df=1 (P = 0.08); F=67%

Test for overall effect: Z=0.63 (P = 0.53)

2.1.2 adults

Albaghdadi 2016 0.78 0.1 50 0.83 0.13 50 19.4%
Boluk 2004 0.786 0.157 50 0.906 0.104 60 18.2%
Salimipour 2013 0.974 0.163 22 1.004 0102 38 13.0%
Shiek 2016 0.854 0.085 13 0.862 0.083 53 17.9%
Subtotal (95% CI) 135 201 68.5%
Heterogeneity: Tau?= 0.00; Chi*= 8.87, df= 3 (P = 0.02); F= 70%

Test for overall effect. Z= 212 (P = 0.03)

Total (95% ClI) 179 252 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 13.58, df= 5 (P = 0.02); F=63%
Test for overall efiect: Z= 2.34 (P = 0.02)
Test for subarous differences: Chi*=0.37. df=1 (P=0.54). F=0%

Mean Difference
SD_Total Weiaht IV, Random, 95% CI
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Mean Difference
V. Random, 95% CI

-0.06 [-0.11,-0.01] —

0.02 [-0.05, 0.09) —T
-0.02[-0.10, 0.05] i
-0.05-0.10,-0.00) ——
-0.12[0.17,-0.07] —

-0.03[-0.11, 0.05] —
-0.01 [-0.06, 0.04] ——
-0.05 [-0.10, -0.00] -
-0.05 [-0.08, -0.01] -
02 04 0 01 02

Favours[VPA] Favours[control]

Fig. 3. Meta-analysis of the effects of VPA on BMD of femoral neck.

plot was used to detect bias in studies included in the meta-analysis
(Fig. 9). The results showed that there was no publication bias.

4. Discussion

A total of 18 studies were eventually included in our meta-analysis.
Besides, the following significant results were achieved: (1) BMD of
lumbar spine and femoral neck were notably decreased in patients with
epilepsy; (2) Serum BALP level was remarkably increased in patients
with epilepsy; (3) Serum PTH level was increased and the serum
25(0OH)D; level was decreased in child patients with epilepsy, while no
significant change in adults was observed.

The mechanisms of AEDs, influencing bone metabolism are multi-
factorial, including activation of cytochrome P450 enzymes, increase of
bone turnover, increase of loss of urinary calcium and urinary phos-
phorus, etc. [27]. Vitamin D3 plays a substantial role in maintaining the
balance between serum phosphorus and calcium. The induction of p450
enzymes by EIAEDs, such as carbamazepine and phenytoin may reduce
activity of 1,25(OH)2D by enhancing its degradation and converting
250HD to inactive metabolites [28,29]. The decreased activity of Vi-
tamin D leads to attenuated absorption of calcium in the intestine, re-
sulting in hypocalcemia and an increase in circulating PTH [30]. Hy-
perparathyroidism leads to increased bone resorption, and ultimately
reduced BMD and increased fracture risk [31]. VPA is the most widely
used drug of AED, a liver enzyme inhibitor, however, its influences on
BMD and bone metabolism remained controversial. It is thought to
work by stimulating osteoclast activity, which may lead to an im-
balance between bone formation and resorption, leading to bone loss
[19].

The results of the present meta-analysis showed that VPA can re-
duce the BMD of the lumbar spine and femur neck, and has no sig-
nificant influence on BMD of the total hip. It is likely because total hip is
mainly composed of cortical bone, and the metabolic conversion rate is
lower than that in the lumbar spine and femur neck [32].

A reduction in serum 25(0OH)D; level was found in VPA group. The
serum 25(OH)D; level was decreased in children with epilepsy, while
no significant change was noted in adults. Moreover, serum PTH level
was increased in children with epilepsy, while no notable change was
observed in adults. Childhood and adolescence are the most critical

VPA group control Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI

periods in skeletal development [19]. As children are still in the growth
period and regulation of their bone metabolism regulation system may
not be comparable with adults, thus, serum levels of 25(0OH)D3 and PTH
in children are more susceptible. Meier et al. found that coexisting ef-
fect of limited movement or gait may result in impaired bone mass in
children and adolescents [33]. But May et al. reported that age and
height had no remarkable influence on the VPA concentration [34]. A
study showed that without-enzyme inducing comedication, clearance
rates of VPA in the elderly were comparable to those observed in the
young controls [35]. A lot of research is still needed to find the dif-
ference.

Furthermore, VPA has no significant influence on serum calcium
level. Serum calcium level is affected by hormones, such as PTH and
25(0OH)D3, thus, the change of serum calcium level is not as sensitive as
PTH and 25(OH)Ds. A previous research demonstrated that patients
with osteoporosis have normal serum calcium level before treatment
[36].

The present meta-analysis contains a number of limitations. First,
the included studies were observational studies, hence, the bias of se-
lection and implementation could not be avoided. Second, several im-
portant factors, such as diet, sunlight exposure and exercise were not
mentioned in the included studies.

5. Conclusion

In summary, VPA may reduce the BMD of lumbar spine and femoral
neck in patients with epilepsy while increasing the serum BALP level.
Serum PTH level are increased and serum 25(OH)D3 level decreased in
children with epilepsy treated with VPA. These parameters were un-
altered in adults. Therefore, BMD of lumbar spine, and femoral neck, as
well as bone mineral markers, such as serum levels of 25 (OH) D3, PTH,
and BALP should be regularly examined in patients taking VPA for long-
time treatment, especially in children.
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Std. Mean Difference
IV, Random, 95% CI

VPA group Control

Study or Subgroup Mean SD Total Mean SD Total Weight
1.2.1 children

Aksoy 2011 9.84 0.38 53 9.93 045 50 7.9%
Babayigit 2006 995 0.41 31 9.89 035 30 7.6%
Hasaneen 2017 78 12 2 86 1.2 80 7.7%
Kumandas 2006 98 03 33 97 04 22 7.5%
Oner 2004 25 041 33 26 041 33 7.6%
Rauchenzauner 2010 247 0.08 85 234 0.08 41 7.8%
Serin 2015 9.42 0.44 28 95 02 20 7.5%
Subtotal (95% CI) 284 276 53.7%

Heterogeneity: Tau®= 0.71; Chi*= 77.07, df= 6 (P < 0.00001); I*=82%
Test for overall effect: Z=0.13 (P = 0.90)

1.2.2 adults

Albaghdadi 2016 9.3 0.46 50 9.94 036 50 7.8%
Boluk 2004 9.7 04 50 9.7 05 60 7.9%
Heo 2011 956 0.34 32 9.42 038 36 7.7%
Kwasa 2010 22 02 57 24 03 51 7.9%
Verrotti 2010 23 05 20 22 04 20 7.4%
Zare2013 9.28 013 62 9.08 013 40 7.8%
Subtotal (95% CI) 271 257 46.3%

Heterogeneity: Tau®= 1.06; Chi*= 106.35, df= 5 (P < 0.00001); F=85%
Test for overall effect: Z=0.09 (P = 0.93)

Total (95% ClI) 555 533 100.0%
Heterogeneity: Tau®= 0.81; Chi*= 185.73, df= 12 (P < 0.00001); I*= 94%
Test for overall effect: Z= 0.02 (P = 0.98)

Test for subaroun differences: Chi*=0.02. df=1 (P =0.88). F=0%

-0.22[-0.60,0.17]
0.16 [-0.35, 0.66]
-0.58 [-1.07,-0.09)
0.57[0.02,1.13]
-0.99 [-1.50,-0.48]
1.55(1.13,1.97]
-0.22[-0.78, 0.36]
0.04 [-0.61, 0.70]

-1.54 -1.98,-1.09)
0.00 [-0.38, 0.38]
0.38 [-0.10, 0.86]

-0.79 [-1.18,-0.39]
0.22 [-0.41, 0.84]

1.53[1.08,1.98]

-0.04[-0.88, 0.81]

0.01[-0.50, 0.51}

~<afip
hd

-2 0 2
Favours [VPA] Favours [control]

PR

Fig. 5. Meta-analysis of the effects of VPA on serum calcium level.

Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% Ci

VPA group Control
Study or Subgrou Mean SD Total Mean SD Total Weight
3.2.1 children
Babayigit 2006 4346 2209 31 3817 1483 30 10.3%
Hasaneen 2017 381 272 21 296 7.4 80 10.8%
Kumandas 2006 331 128 33 363 49 22 9.4%
Serin 2015 4428 2004 28 351 13 20 84%
Subtotal (95% C) 13 152 38.9%
Heterogeneity: Tau®= 0.00; Chi*=1.29, df= 3 (P = 0.73); F= 0%
Test for overall effect: Z=3.12 (P = 0.002)
3.2.2 adults
Albaghdadi 2016 55 2313 80 567 316 50 14.2%
Boluk 2004 52 1" 50 46 13 60 14.6%
Heo 2011 3278 1291 32 357 1195 36 11.1%
Verrotti 2010 327 6.1 20 297 42 20 7.4%
Zare2013 287 25 62 285 28 40 13.7%
Subtotal (95% Cl) 214 206 61.1%
Heterogeneity: Tau®= 0.07; Chi*= 9.75, df= 4 (P = 0.04); I*= 53%
Testfor overall effect: Z=1.47 (P = 0.14)
Total (95% CI) 327 358 100.0%

Heterogeneity: Tau®= 0.03; Chi*=12.27, df=8 (P = 0.14); IF=35%
Test for overall effect: Z= 3.03 (P = 0.002)
Test far subaroun differences: Chi*= 0.80. df=1 (P = 0.37}. = 0%

0.28 [-0.23, 0.78]
0.61(0.12,1.10]
0.27 [:0.28, 0.81]
0.52[-0.07,1.10]
0.42[0.16, 0.68]

-0.06 [-0.45, 0.33]
0.490.11,0.87)
-0.230.71,0.26)
056 [-0.07,1.19]
0.45 [0.05, 0.86)
0.23[-0.08, 0.54]

0.30[0.11, 0.50]

i

s

.
-2 -1 0 1 2
Favours[VPA] Favours[Control]

Fig. 6. Meta-analysis of the effects of VPA on serum PTH level.

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% Ci

VPA group Control
Study or Subarouy Mean SD_Total Mean SD_Total Weight
4.2.1 children
Aksoy 2011 1507 1229 53 1553 10983 50 15.4%
Babayigit 2006 1787 7.27 31 223 712 30 8.7%
Kumandas 2006 151 35 33 166 47 22 77%
Rauchenzauner 2010 432 256 85 499 338 41 16.4%
Serin 2015 185 81 28 219 7 20 69%
Turan 2014 226 108 51 231 118 44 141%
Subtotal (95% CI) 281 207 69.2%
Heterogeneity: Chi*= 4.14, df=5 (P = 0.53); F= 0%
Test for overall effect: Z= 2.38 (P = 0.02)
4.2.2 aduits
Albaghdadi 2016 8.1 59 50 9.97 612 50 14.8%
Heo 2011 273 987 32 2561 11.98 36 10.1%
Verrotti 2010 352 57 20 348 32 20 6.0%
Subtotal (95% CI) 102 106 30.8%
Heterogeneity: Chi*= 2.45, df= 2 (P = 0.29); F=18%
Test for overall effect: Z= 0.58 (P = 0.56)
Total (95% ClI) 383 313 100.0%

Heterogeneity: Chi*= 7.29, df= 8 (P = 0.51); F= 0%
Test for overall effect: Z=2.30 (P = 0.02)
Test for subaroun differences: Chi*=0.70. df=1 (P = 0.40). F= 0%

-0.04 [-0.43,0.35]
-0.61 [1.12,-0.09]
-0.37-0.91,0.18]
-0.23[-0.61,0.14]
-0.31 [-0.89,0.27]
-0.04 [-0.45, 0.36]
-0.22[-0.40,-0.04]

-0.31 [-0.70, 0.09]
0.15[-0.33,0.63]
0.08 [-0.54, 0.70)

-0.08[-0.35, 0.19]

-0.18[-0.33,-0.03]

—

*

-2

R 0 1 2
Favours[VPA] Favours[Control]

Fig. 7. Meta-analysis of the effects of VPA on serum 25(OH)D3 level.

61



D. Fan, et al.

Std. Mean Difference

Seizure: European Journal of Epilepsy 73 (2019) 56-63
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