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[Abstract] Objective To evaluate the safety of valproate (VPA) on bone mineral density and bone
metabolism in children with epilepsy. Methods Retrieve relevant research from online databases (January
1, 1980—March 1, 2018) as PubMed, EBMASE/SCOPUS and Cochrane Library with key words: epilepsy,
bone, child. Selection of studies was performed according to pre-designed inclusion and exclusion criteria.
Quality of studies was evaluated by using Newcastle-Ottawa Scale (NOS). All data were pooled by RevMan
5.2 software for Meta-analysis. Results The research enrolled 1455 articles, from which 13 studies with
NOS score = 6 were chosen after excluding duplicates and those not meeting the inclusion criteria. A total
of 683 children with epilepsy using VPA and 436 children in control group were included. Meta-analysis
showed that comparing with control group, bone mineral density of lumbar (BMDL) in children treated with
VPA has no significant difference (MD = - 0.019, 95% CI: - 0.044-0.006; P = 0.140), but there was a
significant decrease in bone mineral density of femur (BMDF; MD =-0.037, 95%CI: - 0.069-- 0.005, P =
0.020). There was no significant change in serum calcium (SMD = - 0.284, 95%CI: - 0.951-0.382; P =
0.400), phosphorus (SMD =-0.164, 95%CI: - 0.457-0.129; P = 0.270), alkaline phosphatase (ALP; SMD =
0.363, 95%CI: - 0.294-1.020, P = 0.280), parathyroid hormone (PTH; SMD =0.102, 95%CI: - 0.291-0.495,
P =0.610) and 25-hydroxy vitamin D [25(0H)D; SMD =-0.104, 95%CI: - 0.620-0.413, P = 0.690] in bone
metabolic markers. Sensitivity analysis showed Meta-anlaysis of BMDF, serum phosphorus and 25(OH)D
was unstable, therefore, it should be cautious when explaining the results. Conclusions VPA has less
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effect on bone mineral density and bone metabolism, but for children with epilepsy using VPA, their BMDF

should be monitored.
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Figure 1 Flow diagram of screening articles.
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Table 1. Baseline materials and quality assessment results of 13 included studies
Sex [case (%)] :
Study Group N Age (year) Dl Dosage of VPA Outcome 0
’ Male Female treatment (year) (score)

Akin, et al VPA 25 14 (56.00) 11(44.00)  8.83£0.50  220+140  (66.00+2.20) pg/ml BMDL, Ca, P, ALP 8
(1998)

Control 26 — — 8.92+0.50 = =
Fgf;g) etal® VPA 13 — — — 1.80£0.68  (18.46+5.54) mg/(kg-d) ~ BMDL, Ca, P, ALP 8

1

Control 57 28 (49.12) 29 (50.88) — = =
Erbla[v;gt(zzﬂ(l)tggi VPA 15 10 (10/15) 5(5/15) 10.90 3.10+1.80 15-30 mg/(kg-d) ~ BMDL, Ca, P, ALP,PTH 7
etal ~

Control 22 14 (63.64) 8 (36.36) 10.68 = =
Voudris, etal " ypp 47 — — 8.13+3.90 >0.50 — ALP 7
() Control 47 = = = - -
5??&53 etal VPA 16 — — 10.59+3.16 2.03+0.88 (53.75 £23.94) pg/ml BMDF 8

Control 31 = = 11.52+2.61 - -
Oner, etal " VPA 33 7(51.52) 6 (48.48)  7.10£3.50  1.08+0.38  (25.60 +8.20) mg/(kg-d) BMDL, BMDF, 9
(2004) Ca, P, ALP

Control 33 7(51.52) 6 (48.48)  7.40+2.80 = =
Kumandas, VPA 33 7(51.52) 6 (48.48) 8.80+2.00 2.82+1.25 (67.37+8.31) pg/ml  BMDL, Ca, P, ALP, PTH, 9
et al ' (2006) 25(0H)D

Control 22 3(59.09) 9 (40.91) 8.90+2.30 = =
Babayigit, VPA 31 5(48.39) 6(51.61)  11.18+4.07  3.32+1.09 15-40 mg/(kg- d) BMDL, Ca, P, ALP, 8
etal " (2006) PTH, 25(0H)D

Control 30 14 (46.67) 6(53.33)  13.09+3.09 = =
Rau}quenzaun;r, VPA 85 8 (44.71) 47(55.29) 1242333 >0.50 (869 + 380) mg/d Ca, P, 25(0H)D 7
etal™ (2010

Control 41 9 (70.73) 2(2927)  11.83£3.00 = =
Serin, et al * VPA 28 11 (39.29) 7(60.71)  8.11%3.95 >2.00 — BMDL, BMDF, Ca, P, 8
(2015) ALP, PTH, 25(0H)D

Control 20 13 (13/20) 7 (7/20) 7.60+3.30 = =
Yaghini, etal ™ ypa 30 — — 7.40 +2.40 2.23 — BMDL, Ca, P, ALP, 8
(2015) PTH, 25(0H)D

Control 30 = = 7.90£2.40 - -
Hasla‘r‘lbeeﬂ, : VPA 21 13 (61.90) 8(38.10)  6.20£3.10 1.45£0.53 — BMDL, Ca, P, ALP, PTH 8
etal™™ (2017

Control 80 41 (51.25) 39 (48.75)  8.70+3.40 = =
Duré-Travé, VPA 59 18 (30.51) 41 (69.49) — 2504140  (20.70+4.70) mg/(kg-d)  Ca, P, ALP, PTH, 9
et al” (2018) 25(0H)D

Control 244 8(48.36) 126 (51.64) — = =

hydroxy vitamin D,25-F2 344 % D

— , not available, J5t 4 SCH#k o JC ¥ 42 BUEC 3% 5 -, control group did not take VPA, X} HE 41 7K iz F NI RN . VPA, valproate, N J& 25 3 NOS,
Newcastle-Ottawa Scale, Newcastle-Ottawa 1t ¢ ; BMDL, bone mineral density of lumbar,
alkaline phosphatase , i V4 f B2 it ; PTH, parathyroid hormone , F1 K 55 i i# 2%

NEHME B %5 5 5 Ca, caleium, 55 ;P,phosphorus,ﬁﬁ ;ALP,

; BMDF, bone mineral density of femur, B8 8 % & ; 25(0H)D, 25-
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VPA Control Weight MD MD
Study or subgroup Mean SD  Total Mean SD  Total (%) IV, Random, 95%CI 1V, Random, 95%CI
Kafali, etal > (1999) 0.574 0.020 25 0.568 0.020 26  22.500 0.006[-0.005, 0.017] T
Akin, etal "' (1998) 0.287 0.030 13 0312 0.040 57  20.600 -0.025[-0.044, -0.006] ]
Erbayat Altay, etal *' (2000) 0.763 0.134 15 0.751 0.165 22 5.200  0.012[-0.085, 0.109] .
Oner, etal "' (2004) 0.560 0.020 33 0.570 0.100 33 7.400 -0.010[-0.086, 0.066] e
Kumandas, etal ' (2006) 0.600 0.090 33 0.650 0.090 22 12.500 -0.050[-0.099, -0.001 ] —
Babayigit, etal "' (2006) 0.665 0.199 31 0.807 0.127 30 6.500 -0.142[-0.226, -0.059 ] ————
Yaghini, etal ™ (2015) 0.770 0.110 30 0.770 0.110 30 10.900  0.000[-0.056, 0.056] .
Serin, etal * (2015) 0.580 0.130 28 0.530 0.130 20 7.600  0.050[-0.025, 0.125] -
Hasaneen, etal '* (2017) 0.630 0.170 21 0.680 0.170 80 6.700 -0.050[-0.132, 0.032] —_—
Total (95%CI) 229 320 100.000 -0.019[-0.044, 0.006] q

Heterogeneity: Tau’=0.000, x*=25.020, df=8 (P =0.002); /*=68.000%
Test for overall effect: Z=51.480 (P =0.140)

VPA ,valproate, I HEHN . The same for figures below
B2 VPA L5 AT B %5 B LL A i AR AR

-0.200 -0.100 0.000 0.100 0.200

Favors (Control) Favors (VPA)

Figure 2 Forest plot for comparison of BMDL between VPA group and control group.
VPA Control Weight MD MD

Study or subgroup Mean SD Total Mean SD  Total (%) 1V, Fixed, 95%CI 1V, Fixed, 95%CI
Erbayat Altay, et al 21(2000) 0.799 0.119 15 0.809 0.056 22 24.300 -0.010[-0.075, 0.055] ——
Ecevit, et al ' (2004) 0.670 0.080 16 0.730 0.090 31 40.000 -0.060[-0.110, -0.010] ——
Oner, etal 7' (2004) 0.610 0.200 33  0.690 0.100 33 17.400 -0.080[-0.156, -0.004 ] ——
Serin, etal * (2015) 0.600 0.130 28 0.580 0.130 20 18.200  0.020[-0.055, 0.095] ——
Total (95%CI) 92 106 100.000 -0.037(-0.069, -0.005 ] <&

Heterogeneity: x*=4.930, df=3 (P=0.180); /*=39.000%
Test for overall effect: Z=2.260 (P =0.020)

3 VPA LS ML B 4 H R AR AR R
Figure 3 Forest plot for comparison of BMDF between VPA group and control group.

T T T
100 0.000 0.100 0.200
Favors (VPA)

Il
T
-0.200 - 0.

Favors (Control)

VPA Control Weight SMD SMD
Study or subgroup Mean SD Total Mean SD  Total (%) IV, Random, 95%CI IV, Random, 95%CI
Akin, etal " (1998) 9.080 0.100 25 9.420 0.100 26  9.900 -3.348[-4.219, -2.477 | ——
Oner, etal ' (2004) 2.500 0.100 33 2.600 0.100 33 11.200 -0.988[-1.501, -0.475] ——
Babayigit, et al "' (2006) 9.900 0.300 33 9.700 0.400 22 11.100 0.575[ 0.024, 1.125] ——
Kumandas, etal * (2006) 9.950 0.410 31 9.890 0.350 30 11.200 0.155[-0.348, 0.658] ——
Rauchenzauner, etal " (2010) 2.470 0.080 85 2.340 0.090 41 11.400 1.550[ 1.130, 1.971] —
Yaghini, etal ** (2015) 9.670 0.370 30 9.580 0.460 30 11.200 0.213[-0.295, 0.720] ——
Serin, etal ™' (2015) 9.420 0.440 28 9.500 0.200 20 11.000 -0.218[-0.794, 0.358] —
Hasaneen, etal ' (2017) 7.900 1.200 21 8.600 1.200 80 11.300 -0.578[-1.066, -0.092] ——
Dura-Travé, etal 7 (2018) 9.880 0.330 59 9.980 0.350 244 11.700 -0.288[-0.573, -0.003] -
Total (95%CI) 345 526 100.000 -0.284[-0.951, 0.382] ﬁ

1

Heterogeneity: Tau’=0.970, x> =137.670, df=8 (P =0.000); I*>=94.000%

Test for overall effect: Z=0.840 (P =0.400)

B4 VPA LGS B 05 2 T AL i AR AR

Forest plot for comparison of serum Ca between VPA group and control group.

Figure 4
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VPA Control Weight SMD SMD
Study or subgroup Mean _ SD_ Total Mean SD  Total (%) 1V, Random, 95%CI 1V, Random, 95%CI
Akin,etal“" (1998) 5.390 0.200 25 5.240 0.200 26 9.900 0.739[ 0.170, 1.307] —_—
Oner,etalm' (2004) 4.870 0.800 33 5.100 1.100 33 11.100 -0.236[-0.721, 0.248] —_—
Kumandas, et al ' (2006) 4.400 0.500 33 4.500 0.400 22 10300 -0.213[-0.754, 0.328] e
Babayigit,etal:”: (2006) 3.530 0.570 31 3.490 0.470 30 10.800  0.076[-0.427, 0.577] —T
Rauchenzauner, et al (2010) 1.350 0.200 85 1.460 0.220 41 12.600 -0.529[-0.908, -0.151] —
Yaghini, etal ** (2015) 4780 0.750 30 4.840 0.360 30 10.800 -0.101[-0.607, 0.408] —
Serin, etal *' (2015) 4.900 0.500 28 4.800 0.800 20  9.900 0.153[-0.421, 0.728] —_—
Hasaneen, et al (2017) 4.500 0.800 21 5.300 0.700 80 10.800 -1.101[-1.606, -0.596] ——=—
Dur(l»Tlrawe’:,emlm (2018) 4910 0.540 59 4990 0.690 244 13.800 -0.120[-0.405, 0.164] —=
Total (95%Cl) 345 526 100.000 -0.164[-0.457, 0.129] ‘r

Heterogeneity: Tau®=0.140, x *=28.650, df =8 (P =0.000); /°=72.000%
Test for overall effect: Z=1.100 (P =0.270)

5 VPAZL 50 IR AL T B 5 HE AR AR AR R

Figure 5 Forest plot for comparison of serum P between VPA group and control group.

T T
-0.200 -0.100  0.000 0.100 0.200
Favors (Control) Favors (VPA)

VPA Control Weight SMD SMD
Study or subgroup Mean SD  Total Mean  SD  Total (%) 1V, Random, 95%CI IV, Random, 95%CI
Akin, otal " (1998) 194.000 18.000 25 204.000 11.000 26 11.000 -0.663-1.228, -0.098] —
Voudris, etal /™ (2002)  162.300 71.800 47 144.900 53.300 47 11.400 0.273[-0.133, 0.679] -
Oner, etal ' (2004) 122.400 33.200 33 131.900 33.400 33 11.200 -0.282[-0.767, 0.203] —t
Kumandas, etal ® (2006) 561.000 166.000 33 487.000 82.000 22 11.000 0.525[-0.024, 1.074] —

Babayigit, etal "' (2006) 506.540 215.120 31 436.530 147.920 30
Yaghini, etal * (2015) 204.100 58.000 30 270.130 106.000 30
Serin, etal " (2015) 202.360 65.870 28 183.700 50.900 20
Hasaneen, etal '* (2017)  82.300  8.300 21 23.400 16.000 80
Durd-Travé, etal 7 (2018) 217.440 81.230 59 233.430 77.990 244

Total (95%CI) 307 532
Heterogeneity: Tau®=0.940, x*=134.350, df =8 (P =0.000); /°=94.000%
Test for overall effect: Z=1.080 (P =0.280)

B 6 VPA L5 0) N2 10 37 A1 e R I L A ) AR AR T

Figure 6 Forest plot for comparison of serum ALP between VPA group and control group.

VPA Control
Study or subgroup Mean SD  Total Mean SD  Total

11.200 0.373[-0.133, 0.880] T

11.100 -0.763[-1.288, -0.237] —

10.900  0.305[-0.272, 0.883] +—

10.400 3.957[ 3.222, 4.693] —
11.700 -0.203[-0.488, 0.082] -

100.000  0.363[-0.294, 1.020] ?

-0.200 -0.100 0.000 0.100 0.200
Favors (Control) Favors (VPA)

Kumandas, etal * (2006) 39.100 12.800 33 36.300 4.900 22
Babayigit, etal ™' (2006) 43.460 22.090 31 38.170 14.830 30
Yaghini, et al ™ (2015) 54.820 16.330 30 80.090 49.350 30
Serin, etal * (2015) 44.290 20.040 28 35.100 13.000 20
Hasaneen, etal ' (2017) 38.100 27.200 21 29.600 7.400 80
Durd-Travé, etal 7 (2018) 26.940 9.410 59 31.050 16.180 244

Total (95%CI) 202 426
Heterogeneity: Tau®=0.180, x*=21.000, df=5 (P =0.001); I*>=76.000%
Test for overall effect: Z=0.510 (P =0.610)

B 7 VPAYL X B I T R S5 B R A AR AR

Figure 7 Forest plot for comparison of serum PTH between VPA group and control group.

Weight SMD SMD

(%) IV, Random, 95%Cl IV, Random, 95%CI
15.700 0.265[-0.277, 0.807] —1—
16.400 0.277[-0.278, 0.781] -
16.100 -0.679[-1.200, -0.157] —_—

15.000 0.517[-0.067, 0.101] 1—
16.700  0.607[ 0.119, 1.095] —_—
20.100 -0.271[-0.556, 0.014] —

100.000  0.102[-0.291, 0.495] ?

1 1 1 1
-0.200 -0.100 0.000 0.100 0.200
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VPA Control Weight SMD SMD

Study or subgroup Mean SD Total Mean SD  Total (%) 1V, Random, 95%CI 1V, Random, 95%CI

Kumandas, et al ** (2006) 15.100 3.500 33 16.600 4.700 33 16.100 -0.368[-0.912, 0.176] — T

Babayigit, etal "' (2006) 17.870 7.270 31 22.300 7.120 30 16.400 -0.608[-1.122, -0.094 ] —=—

Rauchenzauner, etal ™ (2010) 43.200 25.600 85 49.900 33.800 41 17.700 -0.234[-0.608, 0.140] —

Yaghinimlrarl[z“] (2015) 14510 1.820 30 12.030 1.470 30 15.700 1.480[ 0.904, 2.055] —

Serin, etal *' (2015) 19.500 8.100 28 21.900 7.000 20 15.700 -0.308[-0.885, 0.269] —

Durd-Travé, etal " (2018) 23.370  9.110 59 26.970 7.090 224 18.400 -0.477(-0.764, 0.191] =

Total (95%CI) 266 387 100.000 -0.104[-0.620, 0.413]

II?II

Heterogeneity: Tau®=0.360, x*=39.160, df=5 (P =0.000); /> =87.000% 20.200-0.100 O.IOOO 0.100 0.200

Test for overall effect: Z=0.390 (P =0.690)
B8 VPALL X AL ML 25-F2 BE 44 3R D HAL I AR AR K

Figure 8 Forest plot for comparison of serum 25(0OH)D between VPA group and control group.

T2 ROV AR B A AN e R A AR R 9 R 43 B
Table 2. Sensitivity analysis of interconversion between fixed effects model and random effects model, and exchange of

statistic values

Favors (Control)

Favors (VPA)

Switching model

Exchange of statistic value

fem MD or SMD value MD or SMD 95%Cl P value SMD or MD value SMD or MD 95%CI P value
BMDL 0.005 -0.014- 0.004 0.310 -0.186 -0.457- 0.086 0.180
BMDF -0.035 -0.007- 0.007 0.110 -0.302 -0.589--0.014 0.040
Ca -0.065 -0.221- 0.090 0.410 -0.056 -0.209- 0.097 0.470
P -0.191 -0.340--0.042 0.010 -0.086 -0.221- 0.049 0.210
ALP 0.110 -0.046- 0.265 0.170 11.068 -20.685-42.820 0.490
PTH 0.007 -0.174- 0.189 0.940 1.146 -5.121- 7.414 0.720
25(0H)D -0.230 -0.405--0.054 0.010 -1.979 -5.165- 1.208 0.220

BMDL, bone mineral density of lumbar, FEHE & % & ; BMDF, bone mineral density of femur, i &
ALP,alkaline phosphatase, a2k W 19 il PTH, parathyroid hormone, FHOR 22 i %55 ;25(0H)D, 25- hydIOX) vitamin D,25-F2 4L D

1 ; Ca, calcium, §5; P, phosphorus,
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POTHRLEGAIE A BIPLIK

A type Sjogren’s syndrome antibody(SSA)
PUTHRLE5 1L B B BT A4

B type Sjogren’s syndrome antibody(SSB)

PUALGE DNA Hi ik
anti-double stranded DNA antibody(dsDNA)

5 DU S
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reversible posterior encephalopathy syndrome( RPES)
AR 4 45 B i 56 Oral Glucose Tolerance Test(OGTT)
P HOmAUKAR  diffusion-weighted imaging(DWT)

i R L R W L 2C
lysine-specific methyltransferase 2C(KMT2C)

antiepileptic drugs( AEDs)

copy number variation(CNV)

BT R E IR 2K
XiE it fE  X-linked inheritance(XL)
IR WEALESE 3-1% ¥  phosphatidylinositol 3-kinase(PI3K)
il A& AU AL LR 2 2

thiamine metabolism dysfunction syndrome 2( THMD2)
it Joie R AR TR
e 2 - A 0 3R Sy e R Y B

biotin-thiamine responsive basal ganglia disease( BTBGD)
Wil Z %535 1K-2  thiamine transporter 2(THTR-2)
51 1 1] 43
LA Ik 32 I A T I

cerebral venous sinus thrombosis(CVST)

18 A B 2 P i

chronic obstructive pulmonary disease(COPD)

ionotropic glutamate receptor(iGluR)

thiamine pyrophosphate(TPP)

traumatic brain injury(TBI)



