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Risk factors of neonatal neural tube defects in a region of
Hubei: a case-control study*
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Abstract: Objective To explore the risk factors of high incidence of neonatal neural tube defects (NTDs)
in a region of Hubei and to provide evidences for prevention and treatment of the diseases. Methods Patients
were enrolled from hospitalized neonates in a local hospital from January 1, 2013 to December 30, 2016. A case-
control study was performed by enrolling 463 newborns with neural tube defects and 463 neonates without defects.
Questionnaires were completed by the parents of the infants. Univariate and multivariate logistic regression analyses
were used to identify the risk factors of the malformations. Results Multi-factor analysis showed that living in the
polluted area [OAR =9.404 (95% CI: 2.732, 32.363), P = 0.000], exposure of pregnant women to radiation in early
pregnant stage [OAR =3.179 (95% CI: 1.568, 6.447), P = 0.001], exposure of pregnant women to environmental
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heavy metals [OAR =19.098 (95% CI: 6.087, 59.923), P = 0.000], and pre-pregnant exposure of father to radiation
environment [OAR = 1.198 (95% CI: 1.198, 4.681), P = 0.013] were the risk factors for the occurrence of NTDs in
this area, while the early maternal supplementation of folic acid and vitamin B,, was the protective factor [OAR =
0.018 (95% CI: 0.003, 0.122), P = 0.000]. Conclusions Environmental pollution, environmental heavy metals and

radiation exposure are the important risk factors for neonatal neural tube malformations in this area, which may have

a certain impact on the birth defects in this area. Controlling and eliminating the environmental pollution in this area

is of great public health significance for the effective control and reduction of neonatal neural tube malformations.

Keywords: neural tube defects; environmental pollution; congenital, hereditary, and neonatal diseases and

abnormalities; case-control study

2 E W (neural tube defects, NTDs ) 42—
R BRI, RISERG R BT, e
BAREFT A —A B (G TR | Bl
HHZAE ), NTDs BREZHELN, LWEs, HR™
§, R B, Y. e R SR R ILEE
FHEZER Y, AR 29 T F A DX AR Bl N I 5k
FR [ NTDs IR 240 2.74%0 ™. WAL 32 5H T F
BANR2y40 J7, EECY N REERE . HY (RS
4 KRG BRI 2R . R A= (B17=) 2210
VR 68 147 7], Hi NTDs LK 491 7, Kig%H
0.72%, RIFFE TSCHRIGEZE R Y I 4R 463
] NTDs 6 7= )LZFA T X 06 RO AT, AR 3+
7S b X P R i A P R EA T AR )L NTDs 2 & I fE s
IR, AT SR 2 B 2 s RF ) EE AR

1 BRERE

X &I
WA FE T R v B T A UGS, HAbIR
L R ZRTEE , S5 0G L DX g TS R ST e 98 1 My
B VE ARG, SEPAKBEIR T 6 o BLIXEE 10 i,
TR Kik, P R A, i T
T R SR AL 2 HE i

1.2 HERSKRIE

PEEL 2013 45 1 H 1 H—2016 4F 12 A 30 HiAdL &

S NRER. H @b 4 ZKEHERE Fk
463 f4i] NTDs 17 )LVE AR B4, 4o SRG Tk, o,
V217 ], Lok 246 ) 5 B L 77 9. 463 1HT AR
LI P R I2 W N NTDs, P2 )Rt L& . CT
FZWHIESE . SR 1 ¢ 1 X5 e G AR [ 2= e 4
K. WSR2 22 E A 22 < 7 A, [R5 463 il filE
TCHRFA NG P2 ) LAE R X BRAL ., PRI 12 W7 i 22 8] A
)L, 2R TGS (P >0.05), HAR]
e

1.1

1.3 Fik
131 AEZ®E HEERREEA, Z8lEEl
AT DR A e LA ) AR el D AR 25 6 04 O =Xk
L A BT A B — A . PR R R« OWA
ACEER AT SRS B R R — 3 s QB TRAMEIE,
By A FUE LSRR A A TEY 5 B ILA
AR it R AR LA B R S ) R i
132 EAERE OFEAFOGEE 28 Ml
WAERE . B#BAYS BRI AR/ T2
DifE R s QB AFE, AAF S B ; @R .
FIGs | LS | AT Khe. YOR . KR
P fb S R sk 2AiaR) B AR R T AR R A
@A TE T2 SR A | B sl AR AR TR . Bk
133 Al £E RABERER S ICD-9
WEE NTDs 5 0k, B0 R TCIIE . i i |
A ZFIRA B R, SRV A 2L L S5 /
531w G S 11
134 FHER T EAAMRE XK FImEER
MEZWEZ &S, 1R, 83 d Rk
B 10 4~ Ja B X N AR R K TR UEA TSR, A
H10 JHOKAE, 3Lt 100 Hi. XEKRE R BT & 4@ A7
R, A AR IR o R ARSI 4 I H R T bR
(ERE R TG gL IX, (27 h [ T /K BT st bn e 2K
DA R A A, 35 T4 A TR TR K
AU R T AV K . Rt B s 58 (KA.
K. BREE) YIEANE, KIAEBIE " EfaH
MESE (R, . 8. 8%, BAE"Y), BRI K
JEREI AR A B X 2 SN T5 YR IX
1.4 FitEHE

s TR SAS 9.4 Gl e, TR
o+ pRfEZE (xxs) Fom, RN ¢ 4050 5 115K
TORHR (%) FoR, W xR, e 255
e S EASESL SR Logistic [FE58r, P <0.05 h#ER

.« 45 -



PE B E RS

29%

e =0 i, 4 x KK, 2R A5 FE X ( x'=6.623,
> wm P=0010), LWL TR, pa58 585, K
- BRI, 2 xR, 2SASTHEE X
2.1 HFHEE ( x’=16.443 F158.443, P =0.000) ; Fpafifl L T4
463 {4l NTDs 2L, ANEMEIMEOI ARG A8, WE 1, 2.
F1 ROEARBRENBGREERLLE F (%)
53] ToiJL FRDCEFER OB FER JiRifez NTDs & I H A ' &
3B 2(0.92) 67 (30.88) 65 (29.95) 14 (6.45) 69 (31.80) 217 (100.00)
& 7 (2.85) 68 (27.64) 102 (41.46) 27 (10.98) 42 (17.07) 246 (100.00)
&it 9(1.94) 135 (29.16) 167 (36.07) 41 (8.86) 111 (23.97) 463 (100.00)
e AT ARSIk Rk DU ICRE 55
*x2 HOHABEEZREELRE 6] (%)
2 Tohi L AR (R vE< == Jiifgz NTDs £ - H A At
Rk g 8 (88.89) 98 (72.59) 136 (81.44) 27 (65.85) 0 (0.00) 269 (58.10)
A I 1 (11.11) 37 (27.41) 31 (18.56) 14 (34.15) 111 (100.00) 194 (41.90)
&t 9 (100.00) 135 (100.00 ) 167 (100.00 ) 41 (100.00) 111 (100.00) 463 (100.00)
2.2 X9 40
X A 9 151 2H 463 451 2 4 1) JE AT M 4 R AR B ®
T N N " s 30
MR FEAT 4028, o 9 4 249 00 A b 46 vp i 5 s s
M, EEMAERCHE., JUER MR ZHE, W S
RESI s
A & 10
23 KEERGN s
AT X R K 32 4 R oG R I A5 R 0
1 2 3 4 5 6 7 8 9 10

#3, FEESEICERAKTERMA : 87 < 0.05 mg/L,

1o RS 2. MEbEL; 3. JUBEEL; 4. HIEBL 5. ROUELG

fifl< 0.05 mg/L, fih < 0.01 mg/L, K< 0.001 mg/L, 5§< 6. skt 7: Mabfiit; 8: isehils 9: KPR 10: 490k
0.05 mg/L, ME  fEEIEZARERS T

#®3 BEXRKRENER (mgl, x+s)
i X Hy fif L] 7’ %
WO 2951+ 1.621" 3.752 +0.732" 1.214 +0.784" 0.711 +0.37' 2.041 +0.123"
FELPAE 0.012 +0.057 0.009 + 0.145 0.011 +0.062 0.009 = 0.002 0.011 +0.024
JusEH 3315+2.113" 3.972 +0.246' 1.413 £1.122" 0.366 + 1.212 3.368 +2.274"
B HE A 0.022 +0.011 0.041 + 0.022 0.006 + 0.040 0.004 +0.002 0.011 £0.022
ARIVE 0.024 +0.172 0.044 = 0.262 1.770 = 2.6417 0.001 = 0.001 0.791 = 0.214
pilgivEis 1.221 £0.225" 0.014 +0.061 0.006 +0.121 0.237 +0.111" 0.044 = 0.085
LG 0.022 +0.182 0.022 +0.110 1.162 + 1.443" 0.008 = 0.010 2.641£0.711"
AR 2.161 +1.152 2.116 + 1.675" 0.876 + 1.329" 0.161 £0.312' 1.622 +0.762"
KA 0.041 + 0.043 3.223 +0.662' 0.005 + 1.011 0.002 +0.002 0.031 +0.101
2R )i 0.024 = 0.017 0.044 = 0.011 0.028 = 0.037 0.001 = 0.004 0.017 + 0.071

TE: B R B e FHE

- 46 -



520

TR, A5 - WIS HRT A LA A IR 15 (70 BRI

24 BERSH

2L A M T MR KT e DX 2R i e 2
WA A TTARRREE | RER TN . B
FeTHESEAE., R T R R B, 2R
SO0 S W R R | 2P L O R B T O e B
PR R R R IRTEYE IR, ZRAZRITEE

x4 MARARSNSH

st 30.57 +5.85 20.77 + 4.90
paiisedil 30.73 = 8.01 20.87 +5.86
t1H 1.278 1.852
PAE 0.202 0.065

X (P <0.05), WAZEAER . 2207 BMI, 221K, Jif
W, NTH. 22RO IR . % (SCEERL
J7 ). Z RN AW Rl L T R 2R
BRI AR IR T 2 . 2R AR g R
P KR FHPUR R RIFOLIEL, 25 G FE L
(P>0.05), W& 4,

(n=463)

1.64 + 0.63 1.35+0.51 0.13+0.11
1.62 +0.66 1.37+0.52 0.13+0.12
1.184 1.334 0.473
0.237 0.183 0.637

S o2 450 13 317 146 23
Xif B 41 317 146 112 251 17
X fH 42.293 10.776

PAE 0.000 0.001

0.250

0.617

430 76 387 369 94

446 59 404 110 353

1.471 9.270

0.225 0.002

S o2 82 381 117 346
X HREZH 66 397 278 185
x " fH 0.067 5.224
PH 0.793 0.022

76
59

387 97 366 366 97

404 112 351 329 134

1.471 0.600 4.568

0.225 0.439 0.033

S o2 165 298 219 244 44
X HREZH 116 347 168 295 39
X H 10.256 5.667 1.800
PH 0.001 0.017 0.180

419
424

404

49 414 59 179 284

37 426 41 422 227 236

1.600 5.233 9.680

0.206 0.022 0.002

2.5 %EEZEY Logistic EIFSHT

DL A= L& A5 & A4 NTDs Ry R A8 7 (2 =1,
& =0), HRFESNA G FEWHEENA
A AT B Logistic WA 2HT, 49 A S5 Bk A8
AIRRUERS S a0 =0.05. & AL H 7 T 4 R 7K 75 44

S RRETS GRAEY SRF S-S A E T2 B2 SRS G ReY 6
RBETHESEAEE . 2200 R 2 TR T8I 2
ZHLIX NTDs K ARGk &R (P <0.05), M5
W2 b st R S 4 A B, I RPTRI R (P <0.05 ),
JUER



PR BB 2 2 529 %
k5 ZEZEZES Logistic EIENHSE

SES b S, Wald x° P OR o

TR RR
JeE AT S T T 7K T e DX 2241 0.631 12.631 0.000 9.404 2.732 32.363
2P LV 0 B T U R 5 1.156 0.361 10.281 0.001 3.179 1.568 6.447
2 RN 2 A B R T A R B 2.950 0.583 25.559 0.000 19.098 6.087 59.923
2RISR SR TS LA 0.862 0.348 6.142 0.013 1.198 1.198 4.681
2P RUVE IR SR R M AR R B, -3.996 0.966 17.104 0.000 0.018 0.003 0.122

3 ifit

NTDs 48 LA sl B H e , vl 30 = JE,
AL NTDs B5k . Bt . NTDs st A5 Fl iy
—ANEEMASL TN, KB A O ZE R,
oA JLFE SO EE R, 45 SR BE R 23 i BT R £ 4H
A Z0F 98 FE N R A8 BT 8 NTDs,  [6 N Z 0P98I 55 75
PR Z TS NTDS ™ $idiili, NTDs B T4k,
EARSCEEARTE Y, AR AU A M LA
e 5t , i A RV E A R L ] LU AR 22 5%
NTDs a2 FH M, v RETUR A Hb X A FEik 0w
= U AR BALlT NTDs KRR, SEAEDTR
FAFF, PRAE NTDs SZ A5 Z gk, mid IfHAb
WY NTDs 32 FR5E R s i A X e/

PO B MR X 328, BB RO
JUEBL R, M RIEYAS AR, 20T
K, 22 U BEALHARE A I 25 4 X b T 7K R 56 T 42 8 OT
RO, SREX ZIHEhn I E 5T K BT AR
4E4 NTDs, T 5045 S R K RERG I 25 5, 24
NTDs {5 & ] G5 ¥RBE 15 Yo fs — i |k, [n1Ia 40 Hr
R, R, R A A R O R T U A
BERAM NTDs RAEMfGR HZR, 2R 0128 0tk sunt
i Je i 2 B, AR 2

PEiE, &y, . . R MEELSETRYS
NTDs & A0, Zn 2 i K 2 R 2 K ) 2 8 A
AR, NTDs KUK ", ZA BT mik s &
BIERSE U™ B NTDs KUK, RV 22 5% 1 IRk B A5
WX ILAERK K B @& ', SANDERS 4 " i
FERW, TR T SRR SRS NTDs X
B o JONAH 45 " 3 axk K B e S it R 4 i B, I
e Al SO BUB AR S8, KGR W BUS R NTDs, oK

X N e BURL ) 5 2 JE H A KR TS HE O = 5 R
KM B KGE . SLRRY], SRAESFEUEN
NTDs % 4= ", THEDIOHA %5 " WF 58 &3, N
A 25 5 240 R AR i BT 2 8 1 D R U X NTDs, 22
FUBA G LA B USRI, 2l R U 2] i
Jit LB 55

VER MM ST, FEffiossh . (et
LU RRIFINS, PTRBSE M —aE T, T B
ZA R MR ORI RUAR R R ER, KL T
AR AT RE S JLIER BB . IR R Bl
NTDs E 8 VZUESE ™, X 5ASCE R —8, Rk
B, #hsemt e Mg 2 B, vl JL NTDs &9 R AL
70%™, SCHRGE, Z2 R R R . RRse A
WA . R SR SO R 2R 7 AR SR AE
WITTC2E 5, X547 W ORAEE 0 B AL FNBUR 4 58 1
TS, LA ML SCAR TS s S AR TG ST A G

FEAK 24 3 NTDs B9 & 6%, N B AL LT 7).
OfnsmaK TN, B =5 TR 7K Sl B35 7 7~ e
WHA T BB E L s @A KB 7 & 22w
WG E T g TAE CAand il . R SR ol 45 )
WA R 2, URRETEG LR ; OS5 kR
(R IETIS, I ORAPT PR

PE S YL AT e 38k NTDs BN R, A Rl 2R
RERA T ANORES, wtsimk . 7
RIMIX TR, 2SS 5 Y ik & R
HERE AR, W & R T 2 D) S Xt
147" IR ] T

& £ X #k:
[1] HI5CHE, EhedE , REF . AR E AW L 2 1

JHIEJE [J]. A fERERA , 2017 (1): 85-87.
[2] XUEEHT, s, BARIK , 55 . ZR5ETH 2004 ~ 2014 45 Hi A

. 48 -



2

TR, 55 o WA R LA 2R IR B3 (5 %8 IR

e 3] E BB R0 | 2016, 26(1): 141-144.

SKREERN , PHEEAD | BERRIE L IHIN b IX 80256 BifiG LA £ W B i

A AT (1] T E LA 5ot e 445 ,2018,26(8):79-80.

TKREFS . AR EALENG I L2 2 T2 Wi s PRIV 5T (D).

rpE SRR 285 2R L 2017, 20(8): 95-96.

KBl , ZEAAEE . V5 g T 5 R ARG (R M AR N (D).

JUAHALT L 2018, 45(6): 147-148.

ZEI0, BEF- JLEAR A B A I X GRS R R ST (0] IR

INUANRHRR L 2015, 14(3): 241-243.

JABR, TR0, FAR 45 . BTN AATIRIE 5 R 225 KA

BRZEXAR (1] PEAIE P, 2015, 319): 1139-1142.

SRE . LV AR E AR (Y S S AR WFIE B R S e K]

FHRI [D]. #2015,

A, AREUK , EHR) L % . MNHLIX 2009 4F ~ 2014 4E L

AR SR BA WD GRS T (0], ERAE St E 2k, 2015, 23(11):

92-93.

[10] LhURWE , Bt . HRA T £ 2001-2015 45 7= )L AR B
W54 (0], h a4 BAE SR, 2017, 8(1): 65-68.

[11] REN A G. Prevention of neural tube defects with folic acid: the

Chinese experience[J]. World Journal of Clinical Pediatrics, 2015,

4(3): 41-44.

ZAPOROZHAN V N, MARRICHEREDA V G, CAVALLI P,

et al. Association of RFC-1 80A—G and MTHFR 677C—T

polymorphisms with neural tube defects in Ukrainian

population[J]. HHE B E~ =24k, 2014, 24(13): 1-7.

[13] sk, B2, 4ok, 5 . R E 4 m T Z X 2 W 15
WRBIFFE IR (7], B35 S RE4Lak , 2014, 31(12): 1100-1104.

[14] SRAEMS . BRI 5 26 15 A IR ) Ll 22 T AR 1 AZ BRI AL
il [D]. A « EHIEEFIRE 2017

[12]

[15] ZHENG G C, ZHONG H X, GUO Z Z, et al. Levels of heavy
metals and trace elements in umbilical cord blood and the risk of
adverse pregnancy outcomes:a population-based study[J]. Biol
Trace Elem Res, 2014, 160: 437-444.

SANDERS A P, DESROSIERS T A, WARREN J L, et al.

Association between arsenic, cadmium, manganese, and lead

[1e]

levels in private wells and birth defects prevalence in North
Carolina a semi-ecologic study[J]. BMC Public Health, 2014, 14:
955.
[17] JONAH S A, BARIKPOAR E, MAXWELL A I. Toxicological
effects of cadmium during pregnancy in Wistar albino rats[J].
Toxicol Environ Health, 2014, 6: 16-24.
JIN L, ZHANG L, LI Z W, et al. Placental concentrations of
mercury, lead, cadmium, and arsenic and the risk of neural tube
defects in a Chinese population[J]. Reprod Toxicol, 2013, 35: 25-
31
[19] THEDIOHA J N, OKOYE C O B, ONYECHI U A. Health risk

assessment of zinc, chromium, and nickel from cow meat

(18]

consumption in an urban Nigerian population[J]. Int J Occup
Environ Health, 2014, 20: 281-288.

[20] T+ . R HRRIRTIAT N S A Y R A R AR I R
ST (31 E R AR B 2Rk, 2017, 25(10): 662-665.

[21] REFR, BRE, Ph/h b, 55 . AR BB B2 3 A R 15
B 1 2245 b 10t ) PP A S T (90, v A 4l A, 2017,
32(3): 435-438.

[22] ZEJE , o1 . JLEEMRZAE A s P S G B 2R AT (0], R
INUANBIRS L 2015, 14(3): 241-243.

[23] SEAMAE, B, TREE, 45 . LG R X AR S R IRTE A AL 1

DLRANSRFZR T [9]. KAREE B4R , 2015, 29(1): 11-13.

(5 i)

« 49 -



