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[Abstract] Objective To explore the interaction between passive smoking and folic acid
supplement during pregnancy on children autism spectrum disorder (ASD) behaviors. Methods
Children aged about 3 years were enrolled at kindergarten entrance in Longhua district of Shenzhen in
2014. Self-administered questionnaires were completed by their primary caregivers and the
information about children’ s age, gender, history of preterm birth and low birth weight, parents’
education level, parents’ reproductive age and family income were collected. The children ASD
behaviors were assessed with Autism Behavior Checklist (ABC). According to the cut point of ABC,
the children were divided into normal group with score less than 31, sub-clinical group with score
ranging from 31 to 61 and suspect clinical group with score no less than 62. After controlling for
potential confounders, multivariate logistic regression analysis was performed to evaluate the main
effects and the interaction between passive smoking and folic acid supplement during pregnancy on
children ASD behaviors. Results Maternal passive smoking during pregnancy was significantly
associated with children ASD behaviors (sub-clinical group: OR=1.48; suspect clinical group: OR=
2.85), and maternal folic acid supplement during pregnancy was not related to children ASD behaviors
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(sub-clinical group: OR=1.04; suspect clinical group: OR=0.75). Stratified analysis showed that folic
acid supplement during pregnancy was negatively associated with children ASD behaviors (suspect
clinical group: OR=0.30) among children without mothers’ passive smoking during pregnancy, and
that mothers’ passive smoking during pregnancy was positively associated with children ASD
behaviors (sub-clinical group: OR=1.52; suspect clinical group: OR=4.45) among the children whose
mothers had folic acid supplement during pregnancy. Furthermore, an interaction effect on children
ASD behaviors was found between passive smoking and folic acid supplement during pregnancy
(suspect clinical group: OR=15.30). Conclusion Passive smoking and folic acid supplement during
pregnancy were related to children ASD behaviors and had an interaction on children ASD behaviors.
[Key words] Autism spectrum disorder; Folic acid; Passive smoking; Pregnancy

P A AE 1% & B % (autism spectrum disorder,
ASD) & —M 2 5 7 RO , BRI AT 2>
ARG I T BT SRS AT R R L
(LR ZAT R S i B LAk, IIAE (1) R
TR AL T, 20 1H42 60 44035 [ Y G AN
4.5/10 000, f 3T (9 —THRIFFE o , A BRE FB p HL iR
JFIA 62/10 000 [ Py — i SCHRFE IR [F L E AR
MUE B RH 2.55%0 o N Z0H5E R 22 401 6
SR S AR R R 0 LB R ATOIRE e KRS = [ b
PRIIBUIF Y S s 2 S0 B S 4 b e R W 0 7 J L 2 I e
() S A0 (B B 5 S s R v ) o i 2 6 L
K iz sh R U % 5 —WFE R, )
5544 PR I BR 7K P22 [RIAEAE DCHR | WA 24 1 1l v
TR K 21 40 PR K S-SRI 22 I, ARt
FEGET I RS s IR R b 70 2 75 6 L EE AR
MMREAAAESE HAEF

MR E5FE

1. WFFEXF G : LA 2014 AR TR T e A58 DXCRE X N
FALLE R /NPE(3 %) JLE TR X 4, A
58 B A )4, AR B 58 0 G2 B AE IS M) R
VI AR AR s AR SCA R ACREAE AR Y &K
JiE WSO B — eI 00, 282 R 27 2 W A b 7 i
iz, LB LR IMAES T 5 . T4 T 8 842 44 JLEE
MRK . A2 Pl R A DA B e PR
BL 2 LA, TSRS R KA E WS R 5.

2. FEAH I &

(1) 2 HHBE 2k Sl R < 38 2o 98 [R] B SE AR LR A
Zp ], 5 HAR ] AR I B RN A Y A, n ] 2
T E SR AR BRI

(2) 2P A BF SRR 70 R < 38 2 90 () B S5 7 LA
ZEHH ] A AR A R, el A W ok A
R EA SRR

(3) PRAMEES T2 - SR FH IICMUEE 474 5 3% (Autism
Behavior Checklist, ABC )l & , i% & % H Krug %5
], AL STAFH . BIHE 1.2.3 .4 050157,

BTN 15857 o AR RFY SN Z R 0 R SO T
T, AR E SR PRI ABC R =
31 M FHE S, =62 M2 Wi LB 5. PEik , iR
ABC 1355, B R A X 4253 R IEH 4 (<31) IR IR
(31 ~61) FIEERUIE IR (=62)

3. s ] A SRS R A A 2t
A N G ST TT NPl A o [A) 45 [l
B, B AR 2 S A TR A, O 21 B M , B D7
& B A SE R FER I

4. GErt o BT A LA I 7 A & R )
K56 43 AT ) 4 AR RO A I 25 5 AR
S AR AEREE R ACRESCIRRRE AR B AR RS
MR EE A WA SFRZE G, R £ 4725 logistic M4,
Oy MTZE RSB S AR AN 78R 5 ) LFE I E A T
HERFR . Geit=#53 4% F SPSS 20.0 3, K46 7K
HEa=0.05,

5 R

1 AE S N SRR AR 5 IRE S T 1 5 2R < A B
SCICFREE A B AR 508 T WA S 2 R SR 4 ik
53 A0 LEAS [T A T A5 704 1R 25 5 e T2
BN (P<0.001), 031,

2. ZE AR S AR AN A b e i R S5 IIUE A T
PR FR AEFE I AR AR AR TR ™ SRS
JE AL B AR IR BE H WA SRR R Z 02k
logistic [H15 43 A 22 HA B S5 9k sl KA 22 T RS SR AR
R S ITAES T A OC 2R, S5 R, 21 25 0l o
W2 A 55 PIOBERE 47 R 22 1E G IR , WP I R 41 OR=1.48
(95%CI:1.26 ~ 1.74) , Ze{lIIf R4 OR=2.85(95%CI:
1.45~5.61) , I REE A FE R 5 L B AIAE 1T
F BT GE T3 S, WL 2,

Fie 2 AR R R A A SR R 4 2 e M AR
AR L= AR SCORRE SRR AR IR AR
JE H WA R, 517 2253 2K logistic [FIH 43 #7 , 45
B IRFEZE I B SE AN sE R 1 L EE 2 BB SR
Sl R IRAIE 17 Ry 52t 1 K, W R4 OR=1.52



- 942 - AR

20164F7 55374555 78] Chin J Epidemiol, July 2016, Vol.37,No.7

R A SRR PIOAES T ) OC &

o \ IITEA T R A543 .
HAEHE ait EH(<31) WG ~ 61) FERIIRAL(=62) XA P
PE5 4.86 0.088
% 4 810(54.4) 4365(54.1) 421(57.8) 24(63.2)
ks 4032(45.6) 3710(45.9) 308(42.2) 14(36.8)
i A=k 0.33 0.849
b 298(3.4) 270(3.3) 27(3.7) 1(2.6)
w 8 544(96.6) 7 805(96.7) 702(96.3) 37(97.4)
L 5.04 0.080
2 637(7.2) 567(7.0) 65(8.9) 33(86.8)
S 8205(92.8) 7 508(93.0) 664(91.1) 5(13.2)
RESE SO SE 73.60 <0.001
I K AR 1586(17.9) 1367(16.9) 206(28.3) 13(34.2)
e 2 718(30.8) 2 470(30.6) 235(32.2) 13(34.2)
KL KU 4 538(51.3) 4238(52.5) 288(39.5) 12(31.6)
AR AR 79.06 <0.001
Ly avas 1253(14.2) 1073(13.3) 167(22.9) 13(34.2)
(SRS 2192(24.8) 1 976(24.5) 205(28.1) 8(21.1)
KEKUT 5397(61.0) 5023(62.2) 357(49.0) 17(44.7)
BESEAE TR () 11.05 0.004
<35 8 459(95.7) 7716(95.6) 710(97.4) 33(86.8)
=35 383(4.3) 359(4.4) 19(2.6) 5(13.2)
SEEF R (YY) 16.65 <0.001
<35 7 680(86.9) 6 980(86.4) 667(91.5) 33(86.8)
=35 1162(13.1) 1095(13.6) 62(8.5) 5(13.2)
FhE A (GT) 32.42 <0.001
<10 000 4223(47.8) 3 782(46.8) 417(57.2) 24(63.2)
=10 000 4619(52.2) 4293(53.2) 312(42.8) 14(36.8)
ZE LSRR S AR 66.73 <0.001
i 2764(31.3) 2 428(30.1) 313(42.9) 23(60.5)
o 6 078(68.7) 5 647(69.9) 416(57.1) 15(39.5)
ZEHIBEEAD TR R 3.98 0.112
2 7 723(87.3) 7 068(87.5) 625(85.7) 30(78.9)
& 1119(12.7) 1007(12.5) 104(14.3) 8(21.1)

T RS AR N 55 N EE AR L (%)
R2 ZREE DA AR 7T BRS FIAES TR 5

LOR1E*(95%CI) ]
PMEST R A543
FlAzht A Wik BERIIG RYL
(<31) (31 ~61) (=62)

ZEWRE RS 1.00  1.48(1.26 ~ 1.74)° 2.85(1.45 ~5.61)
ZEEEEAN MR 1.00 1.04(0.83 ~ 1.31)  0.75(0.33 ~ 1.69)

W BOEPE AR AR R E R ARSI AR B AR A T AR
W FIZBE H A 5 "P<0.001; *P<0.01

(95% CI: 1.28 ~ 1.81) 1 B¢ ) IIfi IK 41 OR=4.45
(95% CI:2.03 ~9.73), L33,

FEZP IR R BSRAR 53 2, Pl ) AR
AR R ARSI EE AR FAR IS FI R E
HWASERER , #4712 532 logistic [0l 4 7341 , 45
SR FEZR IR SR AR SR ) L, 2R S b
7o R 55 IRBCRE 4T SR BEABLIG TR 41 5 17 DGk (OR=
0.30,95%CI:0.09 ~0.93), L34,

P AR AR AT L ACRESCIRAR B A
BAFFRMEEA WA SEREE, L E
YER AT 85 SRR, 2 R SR Sl AR 5 2 S RS
AP FE I ER N DIEA T A AR A BAE T, AR BE DU PR
HE) OR=5.30(95%CI:1.03 ~27.14) , WL 5,

15 I 5

N 2 I — BRI | B 2R s W Rl
HAI LEE S AIUMORE (A XU s ARBIFoE s , 223
BRSNS L3 3 2 B i AURE 47y 2 35 %
B, i — 2P BRI B SR AN SR IR G LS L ZEkb Fe i
PR 20 2 SR S s W K 5 LB AIUIE A 7 2R 1 DG IR iR
JEE S RN, A Fe T ER 4 Y ) L A B B SRk B
S5 L B IIBAET T A 1) R T Ge it 2 . 2P0
BESERE SR 5 L ITMURE , o] g5 & AR AR 25
) E sy (an et T ARk Y R



FPAEIR AT 2475 2016 4E 7 F 45 37545 71 Chin J Epidemiol, July 2016, Vol.37,No.7 - 943 .
RT3 FAPIIREERN SRR 43 2 T AR SR S W S TS T oA R O R
TplI RS TR AL EISUR N
Beh TEH A I R B R4 1EH I PR SEANIRG 2
7 5023 363 10 624 53 5
B 2045 262 20 383 51 3
OR1E* (95%CI) 1.00 1.52(1.28 ~1.81)  4.45(2.03 ~9.73) 1.00 1.23(0.80 ~ 1.89)  0.67 (0.15 ~2.97)

TE: BOEMED] R AR 7 RSO RRE S B F AR I T 5 *P<<0.001
Ra ARG RN o 2 00T AR R A e I RS PIUUEA T O B R 3R

ZE B2 @I ERGEILTIIN

g R IEH 4 I IR 2 FEALUIGIARZ IEH I R FEIIGRZ

e 383 51 3 624 53 5

2 2045 262 20 5023 363 10
OR{*(95%CI) 1.00 1.13(0.81 ~ 1.58)  1.76(0.50 ~ 6.20) 1.00 0.97(0.72~133)  0.30 (0.09 ~ 0.93)°

TE: BOEMER] R AR ™ RSO RRE S F AR I T 5 'P<<0.05
RS ZPIWIREE PSRRI FE RS IIIAE A T oA IS AR LORTE(95%C1) |

Ny IEF(<31) WIFEIRZL(31 ~ 61) BERLIG RZ(=62)
ZE I B SERB H 1.00 1.35(0.90 ~ 2.04) 0.77(0.18 ~ 3.27)
ZPRESRAD FEM IR 1.00 1.00(0.73 ~ 1.36) 0.31(0.10 ~ 0.94)°

ZE ST BE AR B W X I B b FE R 1.12(0.72 ~ 1.74)

5.30(1.03 ~27.14)"

TE: BOEMED] R AR R 7 AR SRR B A F AR FIIE T 5 *P<<0.05

HAT—E TR R A ¢, X L84 R ot i i i
HEBRRE, HEARILAN IR LR 2R B AR
SR fltn el T R YR IR AOIE S e,
A 2 R A, TR BULEIIAE A A2 2E

A8l — 01 (e s JL 2 BA S AF 5k B, 2 TS 4 )
S ER 8 R AN ST IR FT A FAAR ) L AR I AE F)
JRURSE ™, | P RIE S A B PR X I L B )l Bl i
I —E RO B A BT IT R A A b e
AN L2 SR I A 5, 5 A WFFE 4R s 220 b 58
iR S )L A A VAR A FE R R 2R > ARBIESY
ARG ] A XoF G4l B 2P ) B 2 Sl WA L 0 J=
ZARE AN FE IR 5 L BT A T i) K o ge i
R PR R (AR A Bl A L B
ARICUAE 17 o 55 2 R 53R S I R PR SRR TE S
T B S R Wl R 20 B L IO RE A 70 5 22 48]
BEEAN FE IR L 3 OGRS A R E T .
B EEA—ERILER, FTRES & PSS IR AR ST
IR [EIAN ] WFTERS G R IGAE (25 57 LA SR T4
il TIRARN RS A . 2 AN se M R AIR L 3 R IR
T AU BB, T AE R R ] AR 2 e 2 4 i
RS FE M A 2o e e iG ILI Rk 7 R
AR H A AT P XS

AR A TSR, AT R 2 R Rl
M5 40 FEF R X LB IIAAE AT A A7 AR SS AR T, —
A TR AE 5 ) LB IOMRE 4T S 1) S 1B i 42 =5 44
e 25 91RO MR R b T2 IR () B A7 A E I,
A gt A AL (7 ) L2 TR A 7 i A ) AU i 25 4

I, AN A R — R

AFATAEAR AL . B, ABFTER G A
(vl I E i U B R R R el [ SR I
FEMF R R AT T PEARTT , AR I8 A 5 3 1) 771 LR
B2 P () 4545 6L, AN B DA 590 B2 00 G 28 AU e £
i e P AT P I Y ABC 22 R i
A PUMAE , AN FL A 2WGE 7, Tk B fidt— 2
W, ASB S B O A2 R AT o0 A, AT REA T
TERER PR T o foJe, M E AL JLEER 40
JLFE AN BEANAAMIESE , T BEAT AL B i 137 , A1
AR ER RN AR R SR

Zi L id , IR SRS WK AR FE 1 AT R
Wi JL B R PIAAE AT (9 S A, HL % A7 A IE A B
e
A AT g AR D Sl RV 8 A 7
ST IR R U A R A A BB K L4 i L
R AR A B TR RT3 75 5 905
i

FlamR L
Z % X W

[1] American Psychiatric Association. Diagnostic and statistical
manual of mental disorder[M]. 4" ed. Washington DC: American
Psychiatric Press Inc., 1994.

[2] Wing JK, O’ Connor N, Lotter V. Autistic conditions in early
childhood: a survey in Middlesex[J]. Br Med J, 1967,3(5562) :
389-392. DOI:10.1136/bm;j.3.5562.389.

[3] Elsabbagh M, Divan G, Koh YJ, et al. Global prevalence of

autism and other pervasive developmental disorders [J]. Autism



- 944 - TR TR 225 2016 4F 7 A 553745 7] Chin J Epidemiol, July 2016, Vol.37,No.7

Res,2012,5(3):160-179. DOI:10.1002/aur.239.

[4] A8 MR R AR P PE 45, FRIE L IORE SR 1 Bl o A [ .
FRE AR, 2011,26(29) : 4563-4565.

Yu RR, Lin LH, Xu D, et al. Analysis on the prevalence of
autism among children in China[J]. Matern Child Health Care
China,2011,26(29) :4563-4565.

[5] Zhang X, Lv CC, Tian J, et al. Prenatal and perinatal risk factors
for autism in China [J]. J Autism Dev Disord, 2010, 40 (11) :
1311-1321. DOI:10.1007/s10803-010-0992-0.

[6] Duan GQ, Yao ML, Ma YT, et al. Perinatal and background risk
factors for childhood autism in central China[J]. Psychiatry Res,
2014,220(1/2):410-417. DOI: 10.1016/j.psychres.2014.05.057.

[7] Dt kK, 252 AL A BT B 4l LAIUURE BB 28 5 fa
R [T]. v E A5, 2011,26(32) : 5004-5007.

Su YY, Zhang X, Li AY, et al. Prevalence and risk factors of
infantile autism in Tianjin[J]. Matern Child Health Care China,
2011,26(32):5004-5007.

(81 PF, s, fpvh. JL BRI % 7R B A Y PR A B PR B
(3], o 24 4% JLRE 24 35, 2015, 17 (11) : 1147-1153. DOI:
10.7499/j.issn.1008-8830.2015.11.001.

Liu D, Zhan JY, Shao J. Environmental risk factors for autism
spectrum disorders in children[ J ]. Chin J Contemp Pediatr, 2015,
17(11):1147-1153. DOI:10.7499/.issn.1008-8830. 2015.11.001.

(9] WEFFEE, 4o, o, A5, LB IUMURR A 03 & K DX 28 1y f61) %o
MEOPSELT ). EDLE R, 2014,22(1) :24-27.

Xian DX, Jin Y, Xie XY, et al. Case-control study on risk factors
of childhood autism|[J]. Chin J Child Health Care,2014,22(1) :
24-27.

[10] Schmidt RJ, Tancredi DJ, Ozonoff S, et al. Maternal
periconceptional folic acid intake and risk of autism spectrum
disorders and developmental delay in the CHARGE (CHildhood
Autism Risks from Genetics and Environment) case-control
study [J]. Am J Clin Nutr, 2012, 96 (1) : 80-89. DOI: 10.3945/
ajen.110.004416.

[11

P

Surén P, Roth C, Bresnahan M, et al. Association between

maternal use of folic acid supplements and risk of autism

spectrum disorders in children [J]. JAMA, 2013, 309 (6) :

570-577. DOI:10.1001/jama.2012.155925.

[12] Valera-Gran D, Garcia de la Hera M, Navarrete-Muiioz EM, et al.
Folic acid supplements during pregnancy and child psychomotor
development after the first year of life[ J]. JAMA Pediatr, 2014,
168(11):e142611. DOI: 10.1001/jamapediatrics.2014.2611.

[13] McDonald SD, Perkins SL, Jodouin CA, et al. Folate levels in

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

pregnant women who smoke: an important gene/environment
interaction [J]. Am J Obstet Gynecol, 2002, 187 (3) : 620-625.
DOI: 10.1067/mob.2002.125239.
Krug DA, Arick J, Almond P. Behavior checklist for identifying
severely handicapped individuals with high levels of autistic
behavior[J]. J Child Psychol Psychiatry, 1980,21(3) : 221-229.
DOI:10.1111/j.1469-7610.1980.tb01797 .x.
GeRy , BONLE), B3, 4. IAEA T At i 45 (1],
ELOH P2, 1993,7(6) :275,279-280.
Yang XL, Huang YQ, Jia MX, et al. Test report of autism
behavior scales [J]. Chin Ment Health J, 1993, 7 (6) : 275,
279-280.
Slotkin TA, Pinkerton KE, Seidler FJ. Perinatal environmental
tobacco smoke exposure in rhesus monkeys: critical periods and
regional selectivity for effects on brain cell development and
lipid peroxidation [J]. Environ Health Perspect, 2006, 114 (1) :
34-39.
Luck W, Nau H. Nicotine and cotinine concentrations in serum
and urine of infants exposed via passive smoking or milk from
smoking mothers [J]. J Pediatr, 1985, 107 (5) : 816-820. DOI:
10.1016/S0022-3476(85)80427-3.
ZER , BB, PRI, A R I L A B TR T AR
WF5EL ], LA 2, 2013,21(1) :13-15,19.
Li NN, Xia W, Sun CH, et al. Efficacy of folic acid
supplementation as an adjuvant therapy in treatment of children
with autism[J ]. Chin J Child Health Care,2013,21(1) :13-15,
19.
Virk J, Liew Z, Olsen J, et al. Preconceptional and prenatal
supplementary folic acid and multivitamin intake and autism
spectrum disorders [J]. Autism, 2015. DOI: 10.1177/1362361
315604076.
Beard CM, Panser LA, Katusic SK. Is excess folic acid
supplementation a risk factor for autism? [J]. Med Hypotheses,
2011,77(1):15-17. DOI:10.1016/j.mehy.2011.03.013.
I, D7 A7, AF. R 9 p53/p21 (wafl/cipl ) 55
TRARAEIE /N BURH 28T A0 MG B A oA [T ], Bl 22 ik 2 Ak
2012,28(3):247-252.
Wang H, Wang F, Fan LJ, et al. Folic acid promote proliferation
and differentiation of neural stem cells via regulation p53/p21
(wafl/cipl) pathway in mice [J]. Chin J Neuroanat, 2012, 28
(3):247-252.

(e H 191 :2016-02-29)

(ARGl 7 E5L)



