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ABSTRACT

Background and Aim: Thyroid hormones play an important role in the development and
maturation of the central nervous system before and after birth. There is not enough scientific
evidence about the effect of subclinical hypothyroidism on neurocognitive development in
offsprings. This systematic review was conducted to assess the effect of maternal subclinical
hypothyroidism on the neurocognitive development of children.

Materials and Methods: In this systematic review, the PubMed, Web of Science and Scopus
data bases as well as SID, Irandoc, and Magiran (Persian databases) were searched for the
English and Persian related articles using appropriate keywords. In the current systematic
review, of 411 records obtained through primary searching, 9 eligible cohort studies were
evaluated. The quality of articles was assessed using the Newcastle-Ottawa scale.

Results: Different studies have used different scales to evaluate the neurodevelopment of
offsprings with different age ranges at the time of assessment. The results of 5 of the 9
selected studies indicated a lower 1Q and neurodevelopment scores in the children born to
mothers with subclinical hypothyroidism than in those born to euthyroid mothers. In four
studies, there was no difference in neurodevelopment scores in the offsprings between the two
groups.

Conclusions: There is no consensus about the impact of maternal subclinical hypothyroidism
on neonatal neurodevelopment. Considering the limitations of the current methods for
assessment of neurocognitive development of children, use of new biochemical parameters
for precise and early evaluation of neurocognitive development in offsprings should be taken
into consideration.
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SCH, subclinical hypothyroidism; TSH, thyroid stimulating hormone; FT4, Free Thyroxine; TPOADb, thyroid
peroxidase antibody; I1Q, intelligence quotient.

11€00 133 g 3l3)d / (il g Camy )93 / olEw)S ¢Sy eole a5kl ol alas


file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_28
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_27
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_31
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_32
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_33
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_36
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_35
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_34
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_38
file:///C:/Users/s.nazarpour/Downloads/Final%20edit_%20article%20A-10-4532-1-1اصلاحیه%203.docx%23_ENREF_37
http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

€9 o 3 Loaw

(s=9090) Adgl (sorimar )3 390 €1

l

8ol 555 3,190 i 1 g Wlio e

|

90358 9 olgie ol Al AY
G5 ol

OR (o) 5l o S jgagS anlllan A
L QB! Jol5

— U Cod g ST Gy i gt SWSET e

L Bis 4099 (641,55 Y s dlie YO

WA Blds 5 YD @ Jlie Y
Ed30 b bLI ) g dlis *

- Woddlyguwsd b 36T Lo 5900 Yo ©

‘53)96 Ol @

/ WA Bl 43 JgYaA.gc\JlioAA\

addlas ad b b yo pué Allie ®

A5 3590 Gladely (g pas
$31251 3 a9 gy 925 ¢
Oy S 831> 2939 puc @

\ elioli (gia0g 5 '/

adllae Ol gls ) S

AU Cos )y e b (S5 S W5 (2 05 !
A o b s ke Eole 5SS e S
L3 s ae PSS ol suds s SV

Aol o odd W ge
€238 51 pe oo 5 o3l ig,S 5 Shee bl - o
G5 9,5 g S e )3 g5 U3 5 Sl ol il
(e LgLAJi.iL»)'T SWesls o,ls 59 (s4I,L Ol 90 4o
O s Sk G b 5 A5 sl a0 a5 B Ul
OT 5 el b oS s> {wg&, 5 (FY) Wl esls olis |,
VNt 4 zete L5 o pole LS55 b Lo 5 Shes
LFF) Sl ok 6555 (g U gl 0058 i cme LS
Sel 5Ss g Fe Sy 2 A Gk S ey Dseosn
23 o P s ol romen 50 (o Al 1
o ke 2S5 Gl 5 25l dl eSS 5 are s ples

o

Oss 53 b b Cod ey S o LU
foby Sga OLGH 53 pae SIS 5 ola0b
1 55 OT (6l paitn oy o ool (65800 iy
Aoy S LS S St
Y P S PR A IS TN | FFGIC SR Py P
Slalllas 3 Sslize s 3l (S 3 s g plosit OS5 S
NEPPRE N

o Sl s Conex Jelse 5 Jle ) s b
delse 5 Sy slazt (Sl csilanl Olyss sl se
4 syl a8 SaS lh eas J.«li? 3 s
o e 3 by el Ol S s ol
S 5T 51 FY) ol ST 5 S5 b, sSTE

Oyl 358 o 5T i Oyl oSS 5 iy a3

1100 13 g sl3)i /7 gl § Cauyy 2)9d / LS Sy eole oGSl (ke alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

AT (5333003008 WG Oo

Oslis 53 s San S olniT 5038 e Sl
33 as JSS Ml s ek Sl e oKl
SS9 5 52 65 355 (o ) g (i e lal (ST555 Olso
A e BS  cl (Ses Olsle 55 b o
el (S Gl o (G55 5 gt e 2K < s
s byl s ey i JlSS s IDesl sl sl
2 ok ol ekl b Ll s & 338
2 st & AT e Ol pss 4 p (O)) sl b3
s w SlFe Gl Bl 5 e (S e
5l Ws s 5 Shes Glacas 55 I 4 e reins

01) 35,5 Rl o sllaals glaaly (pimmen
s i LU S5 0t - e Sl (gla S |
o Sae Ol leds Wge O3S ae LS
Jud L olanl gladely J1 5o (b Sl (g8 55 5en
S osb 4Ll g oBon (ST 055 5 35 Olal
o33 by 0w & Ll esls Ol Sldls &
Jols iy oo 5 U (.tia RS TIRUS SA LD
4 e 0L 3l edd Mg Olslg 55 OF OF) e,
S T Il o IR Gl S e s
Jolse A5 p8an (S0 5 gy JH3 by Sy st
PSS s ible e 3 Ses DNl 6l g ks
JolSS Il (BV-00) sl o D 5 hsr ab b
4 Sz Olpsle Sledd g Oal55 5o Slay smes
0395 M F DI e LIy (o S oS g 5 sen
039 5 oy JFIs Ly Sadgdoee o Jlal BLSI
DAL 03155 ol 55 Glsy by Il 5 g oK o
plad 1S s 53 ool lacas gdome o s 31 (OA
5 Shes Ml Aly 1 Lol 6l odds Jizie glaesls
Bl e 03 g S oz (as Stang 53 Ads,S
S sl @y 53 el Calitee Dbl I fol-
S o (Shalo b 53 b oS ey A5 55 n i
Y Jodem 53 &S bolen .ol Ooglane Calides Slalllas s

e S 4 e bl TSH ol 355 o odalie

Sloson cmle ad,e s s 4 Sl (5054
So3,P i s drw g Sl Solsl gl A S
ode (5,8 IS gylasl Olyss b s (FO LFF)
cii 238 e S Ul sl e OLL > Ay s
uihl:-h ain 3ol 55 i b g Uiy D g s
b (oola)l ama Yo BV sgdo 53 059 4 9 odd £y ,5
(FY $9) 55 5

SLissp Coeal ol bl Calie Sl s
Y S saE pRee da§ )3 g5 63150k
Fligs Ol S g Cl sl amlls o
b g e dreg 5> WS L0 eeslSe
Sale s 2SS Gl el Wiss O se Sl
Sl 5 Sos e Sl izl 53 o e gl ke
e 5 3le 55 el s s (solask Lawlsl Sl
edgs Sl Goas S 03 e SN 9 A
LFAFA) L yls O o pudas 5 55 9l
.x:sb::qfis‘;)lfvfa\f@l 035 OLaS sdmze Soladlas
L i 0 U e sllal glaels L ol
5 abls 8,5 Susb guals 5 andlae &5 s ol
4 M Olysle 03,8 &S Wsls ol (1444) O,
S S ogn slaal Sl jas gla,b Olyss 43 TSH il 58!
azils S & BV g s Lig e Ok 08758
ghasl b ot Sllas Lug mli ol (YY)
SlatenS 5 5 5ep 5 (S35 5 5mp S 3550 53 aaTumsay
A5G Ol OK);)JM‘)A&:)&Lﬂ o,y b
by e slaesls QAT (s s 15 5n b dglie 53 .(00) A
4 M ol 53 OIS RS0l ae B @
Lzes JEGLL 5 e g 2l ol (65,0 st
(e 9 5 st Loyl sy 53 guwlal aas b 95 (YO YY)
Sllas 53 Kl pllasl sladely 5 sl b S
S Sl ol Jil abp il ks 8 ke lodalie
B e R 2
Sl sbbaly sl ol S5 Gl eslSe

11€00 133 g 3l3)d / (il g Cuiy )93 /7 olEw)S ¢Sy eole a5kl (ol alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

Ol )03 15 Laaw

S S P P RS W PP S |
ol g osl gl (onladl Cunby ¢ opddly O
auT s Lol LSS 5 obslis » Sea Solsls
e 51 S8 e Ol wle el pl L ((PV)L e
Ol Caltee Slalllas )3 odaT s 4l 5> D
0SS Gaionss 5 oy p 3058 Bamer )3 LOT
(YA S, 5 5l sl boT oolasl 5 Koa
o Bl T dnses bl gy adlae S s
sladaly 5 @olasl Ohss s KT e A9 S et
Alodd alis o 4 UL 6 5 olasl ollasls
Sl s la Dsoypp oS Sl ol b pdy pones
ol Walp ol b Az e O e L
23 0T 0leys 5 b Comd (i3 g 30 3550 55 SIS
3m5 O35 (s arms 5 60k sl aale an Jsb

09) 5,1
LS 5 5 5 (Y18) OIS 5 06 0T andllas 55
Olalllas ol g3 o dils of e 4 |y golioe @Lﬂ (Y*\N)
Uga 05,8 cnme JolSS 5 (gm0 p05 03 b Sy
4 ol b Sl G e 4 Dae Osle I el
adlae 95 pl5y90 53 Jg e(YAYP) Ws g i 55 Olsbe
AT 5 Sl gy s Ly Sl (635090 55
AU aa) 3 8 5y SV Juls (Y19) 0L 5 06
e oo JIS o) ool A5 a5 Slas
adlan ¥ g5 Ole ol )3 5 Nsg eds S el OIS
SIEETREAIRCES JERR TP PR CUBEERYS %
S (kg gmn 4 D pole YO IS by OT s
amglie J28° 05 8 Olyen dip S ol VFA L L
oS s Glp Gge e Ol gl 5 tny ks S
(YA 58 5 5 5d0Tke 5 ey gad 5 4 Colie
oS g p&a 035 b S s, il ladely
ap e PSS 5 snss Olely g f&a S5
JolSS el andllas ¥ 5 g o opl 55 5 Lo Y

B LthrLoj'Afaf Gv\ia;/w‘)f! ulf:;k;.,ac

xh Gl 2 e A Gl s Comexr Ll
Shre 335 o odalie ol g p Sllllae 3 &S biles
2> TSH 0150 ol 2 (b o s s et
sl Eob 55 dltus pl 5 0355 LSS Caliies Solalla
.:sfdrﬂ{@wkﬁ« @L"J Ao lie 53 Cusgdoe

5 okl il Gl omige 5 bl s s
Olyss 53 TSH Ol Wlg o & 5,05 345 Lo
S pEEs Sbiol 38 a8, 3T s,lsst
G380 gt o ES5 4 ol gl A5 3 Shes
Slalee TSH =8 5 58 Lbi Sl 4 ol
ol 4,3 & TSH @-fj»:LE.a )5 93 Tomex p S
Al W o> & et e gl paed o
b odias o ojlrl 5ylem 655 ol 5 035 5L 5y50 Comex
5 bl il Sllae S| (S 5 S han (5,8 ot
S e )3 jgr gleisly Olgea Al Cmman
2% Sl S b T s 4 e lagils Oleys
08) 1,8 15 eslinul 3,50 g la,L Jsb

22 O s g JISS Gl K3 Db
PSS Ga0gesT by dldes i 53 Calibes Olallas
Sr035T 5 ol Tl 03 8 plowil Flize e
Cos Duda STy o o s 5D 0ol 5 ae oSS
3 il s gl ( Kon i olazrl glaize 30
alin ol 035 amlie JB 5 01 S 4,8
Cald 4 L (s a4 S e dgdes 1) ol
o b O & s str g b Lo e gl Sl
5 et st KS o @Bl B OIS s e B
(03) Sl gl

G rlee 5 5SS oy sl Solgy o b o
Al e Sass LS Wl e
Ll odd et Ly S5 a5 S b (SGAlid 5
A oo Oda 6l dde 05dll sl )l Wil e oS

(FY=F0) LBl O3l 8 smae Shrm g

1100 13 g sl3)i /7 gl § Cauyy 2)9d / LS Sy eole oGSl (ke alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

AT (33gpTone WG o

Sl S Sl Gl b gla0seT L 085 S
Slp g bl ced g sl al b S eslizul (ol 3 gumes
s arm g 5l eysss s slezel BB bl e sleul
&S ) oo b4 Canlie odd W QIG5 5 sl
5 Sy Sl addlan o sl aa b sn ) 2l
il o 1) (6 ey Slalllan 5 4 o Sl b (AR ST

S1ey8 g K5

A6 ase; 5o sdmte SV (g5 ,0 oy Jol Dlis
L e PSS sl Gl o s e
o) 03 T (plie 4S5 Al gy ABL e OS5 5S
3 ool Cdl a3y s )l S 5 Al
gt 25 o Sl s S Ll il e ki S S
oo (s b 5 sl 3l casdllae ol OB ey 5 51 1S
It e ol el (gl mblie

Gl U s AT oL L adle
5 IR.SBMU.ENDOCRINE.REC.1397.126
g g (S e oMKl 5 0355 34 0dSiia gy

a;)\]‘;&_a_}.ﬂjz)}e

dlie 53 4 ol 553 5 G 53 Lo s 0l planl
Sl e 3 4 g L B0 FF) oS Iy s OT
Lo o OS5 s WSS (Sa i sl
36)5fc;wuu):4§¢,.w!¢ﬂ@t:56ﬁjiv.:.w“dtﬁ
e Ol s bl s 58 6,505 e oy bl
S

03,5 el p Sl 333wy candllan ol S5 da
N 0T 53 & 5y Slllee O 5 B 5,5 s
CLJJ\;&T}IW..\J:}{ 03,5 oslatul S5 004
g5 3 SSlam s gl 3 el bl Slalllas
S gy cabe dht Oldlas ol g Lsg Sy S
5 OB mes ade bily) e Gl il 5 oo
s ol o S Kyls s kel LB @Lﬂ
s a5 b OT 4 S et

03y 4l 3 gls Cusgdoue b sl Sl 30
pe (Sl 550 pl Gla Cudgdoue Ao I 6l
S 0L 4 6 5 g gme ples SV S eslizd OIS
0358 i s b s Al eag eies )
Sl S ot plonil Sllls (S 5l Ol (YL
5 ok Sl iyl 1y Sl s & 3555
G oar g LAl el Sl eolina sy b 0T Sledb
j:SSL" 3ys0 53 UTe 5 CoynsS Sldlas O34 3gdous
ohd Wy QS gae BT ol A0
;’}M\{d;ﬂ}}:ﬂ;tﬁ)d)}f@\&!b}b;@}%
.:;;r\;rﬂ)}f.lﬁ

S xS
5 Shae 3 Ol ers 5T & 5l Olas Slatan 3,0 o)
bS8 sed Ol a4 &5 glaes st 53 ol A0
O s,S (oras dnwsi S35 p 255 o ald b S
i tr g g3 dlis opl 5 (s ateia e odd A s
2 3l YNl S O el s plonil Slalllas
Cjb.a Iy odd Mg O35  cmes J.«li? s oeolasb
s a5 S T 5 s Db Sl e

11€00 133 g 3l3)d / (il g Cuiy )93 /7 olEw)S ¢Sy eole a5kl (ol alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

OF )5 Loaw

@L’u
1.Forhead AJ, Fowden AL. Thyroid hormones in fetal growth and prepartum maturation. J
Endocrinol. 2014;221(3):87-103.
2.Ahmed OM, El-Gareib A, El-Bakry A, El-Tawab SA, Ahmed R. Thyroid hormones states
and brain development interactions. Int J Dev Neurosci. 2008;26(2):147-209.
3.Zoeller R, Rovet J. Timing of thyroid hormone action in the developing brain: clinical
observations and experimental findings. J Neuroendocrinol. 2004;16(10):809-18.
4.Moleti M, Trimarchi F, Vermiglio F. Thyroid physiology in pregnancy. Endocr Pract.
2014;20(6):589-96.
5.Borhani Haghighi M, Pasand Mojdeh H, Alipour F. The Role of Thyroid Hormones in the
Central Nervous System. Shefaye Khatam. 2017;5(4): 87-97.
6.Bianco AC. Metabolic Effects of Thyroid Hormones—Beyond Traditional Prospects.
Thyroid. 2008;18(2):99-100.
7.De Escobar GM, Obregén MJ, Del Rey FE. Role of thyroid hormone during early brain
development. Eur J Endocrinol. 2004;151:25-37.
8.Krassas G, Poppe K, Glinoer D. Thyroid function and human reproductive health. Endocr
Rev. 2010;31(5):702-55.
9.R Vameghi MD M. Motor developmental delay in 7500 Iranian infants: Prevalence and risk
factors. Iran J Child Neurol. 2009;3(3):43-50.
10.Nazarpour S, Ramezani Tehrani F, Simbar M, Azizi F. Pregnancy outcomes in pregnant
women with hypothyroidism (a review article). Iran J Obstet Gynecol Infertil.
2014;17(126):17-26.
11.Nazarpour S, Ramezani Tehrani F, Simbar M, Azizi F. Thyroid autoantibodies and the
effect on pregnancy outcomes. J Obstet Gynaecol. 2016;36(1):3-9.
12.Nazarpour S, Tehrani FR, Simbar M, Azizi F. Thyroid dysfunction and pregnancy
outcomes. Iran J Reprod Med. 2015;13(7):387.
13.Maraka S, Ospina NMS, O'Keeffe DT, Espinosa De Ycaza AE, Gionfriddo MR, Erwin PJ,
et al. Subclinical hypothyroidism in pregnancy: a systematic review and meta-analysis.
Thyroid. 2016;26(4):580-90.
14.Al Shangeeti SA, Alkhudairy YN, Alabdulwahed AA, Ahmed AE, Al-Adham MS,
Mahmood NM. Prevalence of subclinical hypothyroidism in pregnancy in Saudi Arabia.
Saudi Med J. 2018;39(3):254.
15.Garmendia Madariaga A, Santos Palacios S, Guillén-Grima F, Galofré JC. The incidence
and prevalence of thyroid dysfunction in Europe: a meta-analysis. J Clin Endocrinol Metab.
2014;99(3):923-31.
16.Nazarpour S, Tehrani FR, Amiri M, Yarandi RB, Azizi F. Levothyroxine treatment and
pregnancy outcomes in women with subclinical hypothyroidism: a systematic review and
meta-analysis. Arch Gynecol Obstet. 2019:1-15.
17.Negro R, Stagnaro-Green A. Diagnosis and management of subclinical hypothyroidism in
pregnancy. Bmj. 2014;349:4929.
18.Maraka S, Mwangi R, McCoy RG, Yao X, Sangaralingham LR, Ospina NMS, et al.
Thyroid hormone treatment among pregnant women with subclinical hypothyroidism: US
national assessment. Br Med J. 2017;356:i6865.
19.Maraka S, Singh Ospina NM, O'Keeffe DT, Rodriguez-Gutierrez R, Espinosa De Ycaza
AE, Wi C-I, et al. Effects of levothyroxine therapy on pregnancy outcomes in women with
subclinical hypothyroidism. Thyroid. 2016;26(7):980-6.

1100 13 g sl3)i /7 gl § Cauyy 2)9d / LS Sy eole oGSl (ke alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

AT (330pTone WG Ok

20.Nazarpour S, Ramezani Tehrani F, Simbar M, Tohidi M, Minooee S, Rahmati M, et al.
Effects of levothyroxine on pregnant women with subclinical hypothyroidism, negative for
thyroid peroxidase antibodies. J Clin Endocrinol Metab. 2017;103(3):926-35.

21.Nazarpour S, Tehrani FR, Simbar M, Tohidi M, Majd HA, Azizi F. Effects of
levothyroxine treatment on pregnancy outcomes in pregnant women with autoimmune
thyroid disease. Eur J Endocrinol. 2017;176(2):253-65.

22.Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight GJ, Gagnon J, et al. Maternal
thyroid deficiency during pregnancy and subsequent neuropsychological development of the
child. N Engl J Med. 1999;341(8):549-55.

23.Korevaar TI, Muetzel R, Medici M, Chaker L, Jaddoe VW, de Rijke YB, et al.
Association of maternal thyroid function during early pregnancy with offspring 1Q and brain
morphology in childhood: a population-based prospective cohort study. Lancet Diabetes
Endocrinol. 2016;4(1):35-43.

24.Man EB, Brown J, Serunian S. Maternal hypothyroxinemia: psychoneurological deficits
of progeny. Ann Clin Lab Sci. 1991;21(4):227-39.

25.Man EB, Jones WS, Holden RH, Mellits ED. Thyroid function in human pregnancy: VIII.
Retardation of progeny aged 7 years; relationships to maternal age and maternal thyroid
function. Am J Obstet Gynecol. 1971;111(7):905-16.

26.Fan X, Wu L. The impact of thyroid abnormalities during pregnancy on subsequent
neuropsychological development of the offspring: a meta-analysis. J Matern Fetal Neonatal
Med. 2016;29(24):3971-6.

27.Li Y, Shan Z, Teng W, Yu X, Li Y, Fan C, et al. Abnormalities of maternal thyroid
function during pregnancy affect neuropsychological development of their children at 25-30
months. Clin Endocrinol. 2010;72(6):825-9.

28.Smit B, Kok J, Vulsma T, Briet J, Boer K, Wiersinga W. Neurologic development of the
newborn and young child in relation to maternal thyroid function. Acta Paediatr.
2000;89(3):291-5.

29.Liu Y, Chen H, Jing C, Li F. The association between maternal subclinical
hypothyroidism and growth, development, and childhood intelligence: A meta-analysis. J
Clin Res Pediatr Endocrinol. 2018;10(2):153.

30.Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the
quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. 2010;25(9):603-5.

31.Li Y, Teng W, Shan Z, Zhang L, Zhao Y, Yu X, et al. Effect of maternal subclinical
thyroid abnormalities on offspring's intellectual development. Chinese Journal of
Endocrinology and Metabolism. 2008;24(6):601-4.

32.Su P-Y, Huang K, Hao J-H, Xu Y-Q, Yan S-Q, Li T, et al. Maternal thyroid function in
the first twenty weeks of pregnancy and subsequent fetal and infant development: a
prospective population-based cohort study in China. J Clin Endocrinol Metab.
2011;96(10):3234-41.

33.Behrooz HG, Tohidi M, Mehrabi Y, Behrooz EG, Tehranidoost M, Azizi F. Subclinical
hypothyroidism in  pregnancy: intellectual development of offspring. Thyroid.
2011;21(10):1143-7.

34.Murphy NC, Diviney MM, Donnelly JC, Cooley SM, Kirkham CH, Foran AM, et al. The
effect of maternal subclinical hypothyroidism on 1Q in 7-to 8-year-old children: A case—
control review. Aust N Z J Obstet Gynaecol. 2015;55(5):459-63.

35.Chen L, Chen Q, Jin G, Si G, Zhang Q, Ye E, et al. Effect of gestational subclinical
hypothyroidism on early neurodevelopment of offspring. J Perinatol. 2015;35(9):678.

11€00 133 g 3l3)d / (il g Camy )93 / olEw)S ¢Sy eole a5kl ol alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

00 ol Layw

36.Ghassabian A, El Marroun H, Peeters RP, Jaddoe VW, Hofman A, Verhulst FC, et al.
Downstream effects of maternal hypothyroxinemia in early pregnancy: nonverbal 1Q and
brain morphology in school-age children. J Clin Endocrinol Metab. 2014;99(7):2383-90.
37.Nelson SM, Haig C, McConnachie A, Sattar N, Ring SM, Smith GD, et al. Maternal
thyroid function and child educational attainment: prospective cohort study. bmj.
2018;360:k452.

38.Pakkila F, Mannistd T, Hartikainen A-L, Ruokonen A, Surcel H-M, Bloigu A, et al.
Maternal and child's thyroid function and child's intellect and scholastic performance.
Thyroid. 2015;25(12):1363-74.

39.Man EB, Serunian SA. Thyroid function in human pregnancy: I1X. Development or
retardation of 7-year-old progeny of hypothyroxinemic women. Am J Obstet Gynecol.
1976;125(7):949-57.

40.Liu H, Momotani N, Noh JY, Ishikawa N, Takebe K, Ito K. Maternal hypothyroidism
during early pregnancy and intellectual development of the progeny. Arch Intern Med.
1994;154(7):785-92.

41.de Moura DR, Costa JC, Santos IS, Barros AJD, Matijasevich A, Halpern R, et al. Risk
factors for suspected developmental delay at age 2 years in a Brazilian birth cohort. Paediatr
Perinat Epidemiol. 2010;24(3):211-21.

42.Porterfield SP, Hendrich CE. The role of thyroid hormones in prenatal and neonatal
neurological development—current perspectives. Endocr Rev. 1993;14(1):94-106.
43.Schwartz HL, Ross ME, Oppenheimer JH. Lack of effect of thyroid hormone on late fetal
rat brain development. Endocrinol. 1997;138(8):3119-24.

44 Henrichs J, Ghassabian A, Peeters RP, Tiemeier H. Maternal hypothyroxinemia and
effects on cognitive functioning in childhood: how and why? Clin Endocrinol.
2013;79(2):152-62.

45.Patel J, Landers K, Li H, Mortimer R, Richard K. Thyroid hormones and fetal
neurological development. J Endocrinol. 2011;209(1):1-8.

46.Burrow GN, Fisher DA, Larsen PR. Maternal and fetal thyroid function. N Engl J Med.
1994;331(16):1072-8.

47 Williams G. Neurodevelopmental and neurophysiological actions of thyroid hormone. J
Neuroendocrinol. 2008;20(6):784-94.

48.Haddow JE, McClain MR, Lambert-Messerlian G, Palomaki GE, Canick JA, Cleary-
Goldman J, et al. Variability in thyroid-stimulating hormone suppression by human chronic
gonadotropin during early pregnancy. J Clin Endocrinol Metab. 2008;93(9):3341-7.
49.Mohan V, Sinha RA, Pathak A, Rastogi L, Kumar P, Pal A, et al. Maternal thyroid
hormone deficiency affects the fetal neocorticogenesis by reducing the proliferating pool, rate
of neurogenesis and indirect neurogenesis. Exp Neurol. 2012;237(2):477-88.

50.Pop VJ, Kuijpens JL, van Baar AL, Verkerk G, van Son MM, de Vijlder JJ, et al. Low
maternal free thyroxine concentrations during early pregnancy are associated with impaired
psychomotor development in infancy. Clin Endocrinol. 1999;50(2):149-55.

51.Yamamoto JM, Benham JL, Nerenberg KA, Donovan LE. Impact of levothyroxine
therapy on obstetric, neonatal and childhood outcomes in women with subclinical
hypothyroidism diagnosed in pregnancy: a systematic review and meta-analysis of
randomised controlled trials. BMJ open. 2018;8(9):e022837.

52.Casey BM, Dashe JS, Wells CE, Mclintire DD, Byrd W, Leveno KJ, et al. Subclinical
hypothyroidism and pregnancy outcomes. Obstet Gynecol. 2005;105(2):239-45.

1100 13 g sl3)i /7 gl § Cauyy 2)9d / LS Sy eole oGSl (ke alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html

[ Downloaded from gku.muk.ac.ir on 2025-11-17 ]

[ DOI: 10.52547/5ku.26.2.41

AT (535013000 WG Oy

53.Chen L-M, Du W-J, Dai J, Zhang Q, Si G-X, Yang H, et al. Effects of subclinical
hypothyroidism on maternal and perinatal outcomes during pregnancy: a single-center cohort
study of a Chinese population. PloS one. 2014;9(10):e109364.

54.Saki F, Dabbaghmanesh MH, Ghaemi SZ, Forouhari S, Omrani GR, Bakhshayeshkaram
M. Thyroid function in pregnancy and its influences on maternal and fetal outcomes. Int J
Endocrinol Metab. 2014;12(4).

55.Fattal-Valevski A, Leitner Y, Kutai M, Tal-Posener E, Tomer A, Lieberman D, et al.
Neurodevelopmental outcome in children with intrauterine growth retardation: a 3-year
follow-up. J Child Neurol. 1999;14(11):724-7.

56.Leitner Y, Fattal-Valevski A, Geva R, Eshel R, Toledano-Alhadef H, Rotstein M, et al.
Neurodevelopmental outcome of children with intrauterine growth retardation: a longitudinal,
10-year prospective study. J Child Neurol. 2007;22(5):580-7.

57.Lipper E, Lee K, Gartner L, Grellong B. Determinants of neurobehavioral outcome in
low-birth-weights infants.. Pediatrics 1981;67:502-5.

58.1dris I, Srinivasan R, Simm A, Page RC. Maternal hypothyroidism in early and late
gestation: effects on neonatal and obstetric outcome. Clin Endocrinol. 2005;63(5):560-5.
59.Martinez M, Soldevila B, Lucas A, Velasco I, Vila L, Puig-Domingo M. Hypothyroidism
during pregnancy and its association to perinatal and obstetric morbidity: a review.
Endocrinol Diabetes Nutr. 2018;65(2):107-13.

60.Baydyuk M, Xu B. BDNF signaling and survival of striatal neurons. Front Cell Neurosci.
2014:8:254.

61.Frisca F, Crombie DE, Dottori M, Goldshmit Y, Pébay A. Rho/ROCK pathway is
essential to the expansion, differentiation, and morphological rearrangements of human
neural stem/progenitor cells induced by lysophosphatidic acid. J Lipid Res. 2013;54(5):1192-
206.

62.Uesaka T, Nagashimada M, Enomoto H. GDNF signaling levels control migration and
neuronal differentiation of enteric ganglion precursors. J Neurosci. 2013;33(41):16372-82.
63.0rganization WH. Children and neurodevelopmental behavioural intellectual disorders
(NDBID), 51p: World Health Organization; 2013.

64.Li J, Zhao Y, He L, Gao X, Wang X, Xie Y. Influence of subclinical hypothyroidism in
pregnancy on the intellectual development of their offspring and analysis of Levothyroxine
intervention. J China Med Univ. 2015;44:64-7.

65.Xia Y, Zhou Y, Zong D, Han L, Li X, Chen F. Impact of mental development in offspring
by maternal thyroid autoimmunity and subclinical hypothyroidism in pregnancy. Journal of
Clinical and Experimental Medicine. 2015;14:670-2.

11€00 133 g 3l3)d / (il g Camy )93 / olEw)S ¢Sy eole a5kl ol alas


http://dx.doi.org/10.52547/sjku.26.2.41
http://sjku.muk.ac.ir/article-1-5368-en.html
http://www.tcpdf.org

