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Abstract

The objective of this study was to determine the critical age, among fetus in utsro,
neonates, preschool age and primary school children at which jodine deficiency imposes
Imeversible adversity on Intelligence and/or adaptive behavior. Methodology The study
was conducted in 3 provinces of northem Thailand, Kampaengpetch, Pitsanulok and
Phrae, 5-6 years after the implementation of iodine deficiency control program. The total
number of subjects were 436. The number of subjects who resided in areas of mild iodine
deficlency (Kampaengpetch and Pitsanulok) and_severe jodine deficiency (Phrae) were
287 and 149, respectively. The subjects in each area were chronologically classified
into, from birth - 2.5 years, >2,6-5 years, and 6-12 years. The first two groups were
born when lodine supplementation had been available and were supposed to receive

jodine supplementation in utero. The last group was bom before the commencement of
iodine control program and did not receive iodine supplementation in utero. Instead, they
received lodine supplementation during neonatal life, preschool or school age. The
instrument was Intelligent test (Stanford Binet Form L-M and WISC), Vineland Adaptive
Behavior Scales and the Visual-Motor Integration Test. Result in areas of mild and severe
iodine deficiancy, *subjects from birth-2.5 years who received iodine supplementation in
utero had the mean score of adaptive behavior in the normal range. None was found to
have low score {<70). In those between >2.5-5 years who were also supposed to receive
iodine supplementation in utero had the mean 1.Q. score in the same range. However,
those who resided in area of severe iodine deficiency had lower mean L.Q. score
(p=0.001). Children between 6-12 years who lived in savere area of iodine deficlency did
not receive iodine supplementation in utero but received it after birth, had lower mean 1.Q.
score than their countsrparts who resided in mild areas of iodine deficiency. The mean 1.Q.
scores also fell in the lower degree(P<.001). The proportion of those with borderline mental
deficiency and mental deficiency (1.Q.<80) were 34% and 8% in severe and mild iodine
deficiency area, respectively. However, VMI scores of both groups were similar. In addition,
reduction in goiter rate evenﬂ'uou‘gmt to the nomai Igvel according to WHO criteria was
observed in-Pitsanulok and Phrae. However, median urinary iodine levels in both provinces
have been raised to the normal level. In Kampaengpetch, an increasad in goiter rate was
observed and the median urinary iodine level has not yet been normalized. The serum free
T, and TSH levels in the 3 studied areas were similar. Conclusion The critical time for



9
adversity of iodine deficiency on brain development appeared to be during fetal
development in utero. lodine deficiency during this period is assoclated with lower _
intefligence. The supplementation of iodine postnatally did not nomalize the |.Q. score
specificly in area of severe iodine deficiency. In addition, iodine supplementation before
concaption has led to normal of adaptive behavior in children who resided in both mild and
severe lodine deﬁcienc).r areas. Recommendation : Women in reproductive age and
pregnant women should be primary targets for lodine supplementation in the National
lodine Deficiency Control Program. Pregnant women should receive adequate iodine
throughout pregnancy to encertain normal development of the brain.
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T, = Serum thyroxine

T, = Thyroglobulin
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TnGoupmnhuha 17.85% - JaninRugylan U 2533
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(Adaptive Behavior Composite)

8. wUUNAGBULETINIGD (Stanford Binet Form L-M, 1973) 884 Lewis M. Terman
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Tugiia mungaueiisuiuangsd Tdilluacuu 1Q
9. LuunaaauTigauuY WISC (Wechsler Intelligence Scale for Children,
1949) 784 David Wechsler Fuadsudnuazdauvalag anzindainm qud
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Jaznaudan 2 du Ao Summn(verbal) uszmumInazih(perfomance) 1wl
o doluil |
fummn Yszneumetanedautes 5 du
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dneng >2.5 - 51 vsmitumifiganiedifuuumaseuemiliyen
Stanford Binet Form L-M
cazUssifiunnuemaai oulm (Motor Skill Domain)
TasldunriangdnTsumuiuau '

Wwoeng 6 - 121 vsndurnitggplaslsiuumassuermiliggnuuy
WISC
PszRuanuminiolumainudhiuiuseriniioussm
Tunseongunsistade Taslfuvunassy VMI Yhnts
nesaudungy ngus: 20-25 au Wadimhite ane
gaumnarsuanhasunnavislil

mStATInTiaye

nunateys Aeesuuy usdiinreladiipeuftowedlisunsu PSS FOR WINDOWS
VERSION 6 #il

1. i’aqau‘a‘nmﬁﬁnm vnyadiuyana rifduq meihiall usnuenBuaid uovdnan
TosldrSonn: Soysuniudnudaia(Mean) eniiBaursnnIgw (Standard divietion)
AsBgU(Median) ANRYA(Maximun) Aige(Minimum)  weFtenziiSaudinudeyedu
yAsYessIiuf Tuld Cri-square test dmiuTayeusnusaliupid uss st twiudaye
fidhunansunsma(interval scale)

9. WhmudisUTwi 2 MuiiimAvezuuuildnnuuunaseusdersle luudesngumy
fidnn Tagld t-test independent wEmniinagaumsningyaedoysnindlAedny  Nomat
distribution 8 Kelmogorov~ Smimov Goodness of Fit Test |
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HaMTIvY
fmvanhlizasndudetn
mSemsiinvasmn ldraangudatin LenSeneimuiuniiesunananilelafv
Landiy Snunshluiihmsdnen ldud ey o ﬁ‘munwsnnaaaumnqummmmqu‘mma-
2.5 U dmnuysmasdennsm midnwmesliamuasins® neldnnasauafidaion uscRi
diftsnnemanasslalaiy ldud danaswen Pinaileladulutlaames uasseau Free T, uas

M 10 Aedsuariiisannnnasg uderdnegpanguiane Suunmiuf

P T P N A

viay UUR
a.funswr+e. Avoilan 2.uws
g(ieu) n % SD n X SD t P
wsnig - 30 89 18.6 8.1 50 13.3 9.4 3.45* .001
31 - 71 98 80.3 6.1 49 60 10.5 .18 .861
72 - 165 100 1186.0 21.8 50 118.4 21.2 .64 .520
*p =.001
M7 11 mmua ua.gqammmquaa-ﬂw Sruunmsmndl
stdumsmaaslolady
viny THUR
) n MIN MAX | n MIN  MAX
wspifia - 2.5 89 017 2.5 50 06 2.5
»>2.5 - 5 08 3.7 5.9 49 3 5.9
6-12 100 6.7 12.8 50 6.9 128
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AT 12 Snnuuecistaryaing umad-n'luunaﬁun FHUNABUNA WINUNUINARAA
ﬁwwqm‘nmﬂmmsm msAnmniimeezania ardwsaisuasinin
- uasnelavasnsuafidalday

- -
saumTnAdtalofunpu

vay B 11117
Snvazmly n % n %
e
e - 150 523 80 53.7
g 137 41.7 9 46.3
| x’=.080 DF=1  p=.717
yminusnananasnguimnat '
(enguantiin-2.5 1) |
<2,500 N3 5 8 2 3
>2,500 nix 78 94 84 97
Tminusnaeonman(adsauunasgn)  3047.59(427.05) 2068.2(352.42)
t=1.22 p=.226
MMuyATadlanIm
1-2 Av 219 77.7 133 89.3
3-4 AU 57 202 . 15 10.1
5 aduly 6 2.1 1 0.7
dmnuysasis(ndsnunnagi) 1.97(0.958) © 1.79(0.824)
t=181 p=.056
msfnuzatin
dzoudnm 225 79.8 141 94.6
ssouAnmn-Ulgones 57 20.2 8 5.4
x*=16.772** DF=1 p=<001
MIANTTAINTN |
dszouRnn 245 87.5 142 96.8
Jspufnn-Vigyonas 36 12.5 5 3.4

x’=9.899* DF=1 p=.002
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AT 12 (da)

- - -
TTRUMTRENT DD AUBEI AT

vay TUUR
Fnunznly n % n %
aBwraiian
\NYAY 192 - 88.8 145 97.3
Fun(endununsad) 70 25.1 1 0.7
Surumi/Sgiamiie/gndauiin 17 8.1 3 2
x’ = 48.389** DF=2 p = <001
21NuaIINIAN
neaT ' 192 70.1 125 84.5
hnaonduanees) 000 58 21.2 1 0.7
| funum/giamie 10 3.6 2 1.4
Taflauszneumin 14 5.1 20 13.5
x'=41.719"* DF=3 p =<001
Toldnaasaunfidatian
£3,000 UM 146 51.8 87 58.4
3,001-6,000 1NN 102 36.2 57 38.3
»6,000 1NN 34 12.1 5 3.4

x’=9.060° DF=2 p=.010

*p<.01, **p <.001
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ap 5.9 T chunguinthatneng 6-12 1 fidnfryesengusan riilud 2 Audt ;gdhge
1:mmiuﬁ'aﬁ'lu#uﬁmamﬂa‘[aﬁus:ﬁ'uiuuaz’:zé’u;uuﬂ Ao 6.7 Yuaz 6.9 Umudnu agR
qmmnq’m‘hadw#q o Aufuhiufe 12.8 T unguiretnluthneg inie-2.5 Tnoas 2

ol y ol .~ y mw w - - 1 &
i Senadoramguandniuagniifuhagymesia(p=.001) Teonguilogluiuiimnns
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o 18 B 15 Srniifumenaieyamliinfudriiidtemmmnens
1olodu ldur samaanensaadinindeulszoudnmnlu 3 FudnnEaiadurnanys Snde
Aunglan e Swinund) doumsinnuaclidfidnmn Winwlaledvlulaams sy Free T,
was TSH Turdmeninluiifdnnlufui 3 WBow %auamﬁmﬂ:ﬁv\'\'lﬁﬁ'mﬂmsdi'umé'wﬁu
Aiouanmonsaiamunanes ninudnalinamsteledy Hunumenslalafuatnmii
violuszauioy



-39~
M 13 Samesven(ates) luAmindnnlszondnnty 3 fuinAmniaumsdnnues
hilidmn

Soe | 2533 | 2534 | We.2537, n =208 | Wp.2538, n =149 | WB.2538, n =138

Jtotal ftotal [1A |1B |total |1A 1B |total 1A |1B]| 2 |total
furines | 0.4 101 | - [10.1 |
fiugylan | 18.6 ‘ 9.4 | - 107|101
uwi 82 [17.8]3.4 |21.2

DNEWTN 13 wuhdaneeventaswiatiuwings Fufhutuailinamnslalady
hn 0.4% Tnmahmedle wa.2s3s @y 10.1% Wl w2538 Sulumezom 5 Ui
Tasmasundmumlnanslaledy dudanaevenludimiafiugian FufuAnaiin
machslsToduioranasn 18.6% Ty w.A.2533 W 10.19 lu w.A.2538 luszesm 5 Twi
Tasmsundmugulsanamilelefuuacdanaonenludiniouni Fufhndnadiinmnens
Talafuquusansmn 32% tu w.a.2534 i 21.29% Tu n.a.2537 Tuszsziaen 3 Ynielasenm
sundmugulismasilalafu '

M 14 Winalalafuhilsaizone 3 wWoaiidnn
(fnafong + 85% confidence interval)

e n Median(pg/dl) 859% CI of Median(1g/dl)
fMUNLNYS 135 8.3 6.9 - 9.7
Availan 131 11.6 10.1 - 12.8
uws ' 134 19.8 16.8 - 22.5

Tk 14 wiiuldh adfsspurenfinalalafulullaamzoes Jwiadiunnes
(ﬁ-ﬂﬁ"‘:’ﬂn‘tﬁ‘muni‘uﬂuu?nmﬂﬂﬂmmamﬂn'[aﬁumné’mnﬂawan'lmﬁnﬁ'm’:'uu il
WA.2533 = 0.4% TnonwnTaeeIngy) i = 8.3 pg/@t Bemunanizes WHO davdariuihy
WBoaiimmamnsteladuatniiadelas shudiseguranhnulaladulullaamera
é’m'i'aﬂuqhn(ﬁﬂmagn'hu'um"il.ﬂuu?nmﬁﬁmmamﬂahﬁuwé’uﬁau YindamiAenenly
EminGpuittmohill 1.a.2533 = 18.6% Tagnsemrnansriagy) dif = 11.6 pg/dl mannad
489 WHO SatdmAnailiimmmanslelaauussdissgureninalalafvlulameyes
siwvaund Guesgnhuunridndnafiinmnemilalefusauuus nndanaewenluin
Sndufdinelull n..2534 = 329 Tagnzenmenoiugy) d = 19.8 pg/d Fauinarives
wHO Seufiudnaitifimmmenslalafiv
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mihmesenreventudinindundnleadnnluacfiiiuioys weh Sampenan
apudninGeulusuratiuminys Aa 10.1% (FNIN 0.4% tumsthmaile w.2533) S
(nauefyas WHO Wwh Suiuiismmnesslalofustheiieiesinios teaasdasiudiios
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aulinmamsleledy ednlsfim sihnailalamiluilammereinduuk 2 Siini seagly
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meheTzvRine Free T, usz TSH luwTu wrh %1 3 Bnafdnnaflunaflndian
Auuazlalfiansuuandany éammﬂunaumms-mmsfmuqu‘[snmamﬂa'[aﬁu‘luqu 3 vl

#1TH 15 T5AU Free T, Uat TSH TrhludnihmsAnnluii 3 Woo
i Free T, (ng/d1) TSHE@U/m!)

nmeanSDminmaxn'meanSDminmax

AMULIANYT 98 1.1 0.2 0.7 1.7 96 3.2 6.3 0.0 | 63.4

fuoglan o9 | 11 | o2 | 08 | 1.6 | 94 | 2.9 | 35 | 04 | 259

uwd 110 1.1 0.1 0.8 1.5 | 113 2.8 1.5 0.0 7.3

e 15 sshiléh edsviing Free T, uss TSH Turhilwdninmsdnnly
fudl 3 Vualillanuuandnnu '[nmnmzadﬂﬁqlﬂﬁn'nzﬂimi'1audaaﬂuumn€u‘lw%nm
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1. MThuunAuNGAnITIMTUSuUAUTEsUULIR Vinsland Adaptive Behavior Scales
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2. mﬁ'mumzé'mmﬂﬂ:utu‘mmuwmaauaunuﬂainﬂmﬁ

To@a sauityan
140 - 169 | : dendus
120 - 189 [N
110 - 119 o - ganinind
90 - 109 Un@
80 - 89 shrhiind
70- 79 mudulygndeu
30 - 69 - dgygndeu
3. mmuumzﬁ'utmﬂﬂtumua-muumaaunﬂal.aa'f (WISC)
ladr szqutnitgon
130 Fuly dandes
120 - 129 ANAINN
110 - 119 ganimind
90 - 109 Uné
80 - 89 dndnd
70 - 79 audulogndeu
dinh 69 Ugynndau
uamyiamsiisys

mAwneitaye wnienzimungaeny Foukliu 3 ngu Ap ndueng uniha- 2.5 1
ngumny >2.5-5 T uszngueny 6-12 9 TagyhmsfnnuBEuiisuATINLANANTBIASLUUMT
NAABY mn"wntiuﬁaﬂuﬁuﬂmwms’lﬂaﬁmzé’uﬁanuazssﬁ'u‘;uuﬂ uudengueny Taoaddd
Wlumdiensf Ao t-test independent piinimegaumanssniseasiayailndlAnuuy
Normal Distribution #18 Kolmogorov-Smimov Goodness of Fit Test
nquiatRauIndia - 2.5 D!

MNUYUNAHBY Vineland Adaptive Behavior Scales

AamnsiasfineuniemndnssumauSuau (Adaptive Behavior Composite)

Aansisidurnautosnemadnruniniiusu
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174 16 uﬁumﬁuuazuwmawqwnﬂam-nls'unuuamnuea«{ﬂsznammﬂqnnﬂum-:
USunusaengumatn srquiniin-2.5 U swiniuitmamlalamumeszdy

seRumTnamslalafurasiing

vod THUR

X SD X SD t p

n =88 n=50
ATIUUNGANTINIMTITURY 98.69 10.56 07.50 13.25 .58 .564
- o - [ ]
AzuuuTnEzMIsAMImINg 100.82 12.22 100.52 13.84 .13  .895
asuuutnyemeliadssdhiu - 101.46 9.78 103.64 13.06 -1.03  .308
AZUUUNNEETRIIAN 100.24 8.83 98.68 1048 .93 .353
azuuunEemnaRaulm 9473 9.19 00.46 9.16 2.63* .009

*p <.01

¥ y - P | -3 - -

N 16 yuh ngudnaguiniia-2.5 U floglufiuimamatelofumanianuazqu

- - - - y W - o -, -
159 HecsuuuindmmgdnrrumsuSusuliuandnuy Taniipzuuvwdsagluinasiund ( % =98.69
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uaz 97.50 mudAY) waziigiinmevatuuundtraminsrasdUsnsuraangdnsumaisuau
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£ 4 ¢ wuh azuuueisoesinsemafeamamng Ninemslitiadsdin dssmnwems
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wasy

o w2 - » -l - o v 3
azuuudssinanefluinaiung ancussuueRsTanEmaeiouln  wiewuhegly
- & L o ' - w ' ) o o
inaiunitagesiud widlafimsondmesdddiamuanuuanda(p<.01) Tnanganagludud

- - - o - ] y o o
mnm-{liﬂaﬁuszau-;uuﬂuﬁsuwmaama«mnu:n‘maaau‘lmci-m'mqunng‘luﬂunmﬂms

lola@usdues (& =80.46 uas 94.73 MuMAY)

M 17 m‘smmuumnzumqﬁmmﬂi’umaqneim‘u’aadumqmmﬁa-z.si]

ez
AZLUUNGANTTUMTUTURY
szaumTmamilolofiu <70 70-84 85-115 116-130
waefiuil n(%) n(%) n(%) n(%)
van - 10(11.2) 74(83.1) -
UURN - 7(14) 38(78) -
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MY 18 ﬂ‘l’mmﬂﬂaﬂﬂsuuuﬂmsm‘ﬂﬁﬂau‘lma@"qumﬂd’“mqu“ﬂlnﬁ—2.5 1 udsz

o
atuuimnEsnRaiouln
szaummathatalodu <70 70-84 B85-115 116-130 -
& o
poeiudl n(%) n(%) n(%) n(%)
et : - 12(13.5) 77(86.6) -
FUUR - 10(20) 40(80) -

TINGITH 17 uas 18 tﬂaﬁ'\mﬁmmﬁmmwuumasuuquﬁnswmaﬂ%’uau'lumd
Usenaun uasmnwuamnzuuuﬁnﬁsmﬁﬂszﬂauuquﬁnmmsﬂ%’unmamzﬁnuznn
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Vaguazuun wuh m-:mmuumﬂzummqﬁn1mm-:d§'unuua=ﬁ'nuzmsm‘a'au'lmumntiuﬁ'
agfluituitmasslslofussdniasusquun Tiinngasuuufsgluinasin (asuuu <70) uae
sunuflaglunonidouing:  (pouuy  >115) mInsnsysREuuunginIm T Tuauua:
Fnuzmaafioubnzenkassiui agjs:uimnmfn‘aui’weiw waznaniundviiiy Tasnladioud
um:ﬁlﬁnzuuquﬁnnumsﬂi'unu'lummfdauﬁ'wwi‘\ (Asttuy 70-84) ummiuﬂaq'luﬂ'uﬁma
silalafusduquun sdndnlndidsstunduiaglufuiinamslelofusduiion shuwafioud
11mq’ﬁ'lﬁnzuuuﬁnmmaﬁau’lm’lummvfﬁauﬁ'mf'\ oengaflogluuitrmenilalafusziu
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nguey >2.5-5 Y
“Anneecunaymiiiyonmniuumessy Stanford Binet Fom L-M

- - - . R .
-"Jlﬂﬂ:ﬁﬂmﬂuﬂﬂﬁzm‘ﬂﬁﬁﬂ‘lﬂm“ﬂl“.l'l.lﬂﬂﬁa'u Vineland Adaptive Behavior Scales

" J 3 - ¥
w1 19 aRrudisussunuennnitigen waninurmaassulrssInduimasn

: o v -
oy >2.5-51 sswinfuimamslalefudmerziy
seummRnalalofuesuD

ves UUR
n X sD n X SD t P
azuuurmityen 98 - 88.10 10.74 49 8173 11.17 3.34** .001

asuuuﬁ'nuzmﬂﬂﬁau'lm 98 90.86 12.45 49 B85.08 14.02 2.54° 012

*p <05, **p =.001

1 A | ] :
AT 20 mmsnsanswnrmilggnusinguieduay >2.5-5 3 udasiuil

sehu aswuuemitigan (1Q)
mTnamslalodu <70 70-79 80-89 90-109  110-119
yaeiuf n(%) n(%) . n(%) n(%) n(%)
1By 2(2) 21(21.4) 85(35.7)  30(39.8) 1(1)
URN - 7(14.8)  14(28.8)  16(32.7)  11(22.4) 1(2)
o 21 MIMEnTEaIRcEinEEmaadaulmsangumetisng >2.5-5 U udnzinel
P asuuutnuemaadeuln
mrnenslolodu <70 70-84 85-115 116-130
vpeitui n(%) (%)  n(%)  n(®)
vDY 5(5.1) 24(24.5)  66(67.3) 3(3.1)

"{Huﬂ 5(10.2) 19(38.8)  23(46.9) 2(4.1)
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INNTH 19, 20 tax 21 wuh ngudnany >2.5-5 Haglufufnemslslofundnias
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MufRAY) uﬁwwumwunmhaﬁumaaﬁ(p-.om)uastdaﬂmsmmimamuumazuuuumi
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