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ABSTRACT 
Iodine Deficiency (ID) may cause a wide spectrum of abnormalities affecting fetus, neonates, childre_n and adult population. 
The most severe form is endemic cretinism which is found in severely IDD areas. The pathophys1ology of these are the 
inavailability of thyroid hormone during neurophysical development beginning in early pregnancy which are irreversible. In 
moderate and mild ID more subtle anomalies may be found, ranging from unsuccesful pregnancy outcomes (abortion, 
perinatal death congenital abnormalities etc). Hypothyroxinemia not hypo-T J is crucial. for brain development, sin~e delicate 
regulation of r3' can be done by local production ofTJ via 5'-D1I deiodi~ase. Preterm bab1~s ~re prone _to hyp~thyroxine~a and 
inadequate iodine intake and this should be prevented. The highest burden of_ 1od1ne defic1en~y 1s not goiter but 
psychoneurophysical development of men, which mostly are irreversible neurological damage. Th!s problem is easily 
prevented by continuous supply of adequate iodine supply to high risk popula~ons (pregna_nt and nursI_ng mothers, children 
esp underthree's and child bearing age women). The rece~t International Thyroid Cong_ress in Buenos Aires recently _(Oct 31 , 
2005 _ attached in this paper) isued a statement that all its members should help their government to overcome this global 
problem. 
Keywords: iodine deficiency disorders, cretinism, thyroid 

INTRODUCTION 

The above mentioned declaration is worldwide agreement that iodine has major and 
tremendous role in the development of physical and mental development of children during pregnancy. 
It was also stated that the preventive treatment should begin as early as possible in the mother's womb. 
Iodine deficiency lowers the average IQ by 13.5 points, showing it as the main cause of potentially 
preventable mental retardation (100 Newsletter 1996). Out of 1572 millions people at risk of 100 (of 
which 43 millions are affected by some degree of IOO-related brain damage}, 27% residing in South 
East Asia (IDD News letter 1995). 

100 has been known in Indonesia for many years. The oldest information concerning the 
presence of goiter came from Javanese copper inscription found at Bangli, Bali. Later, data were 
compiled before the 2nd WN II and short after, which enable us to map only the widespread distribution 
of endemic goiter in Indonesia, but not the severity of the problem ( Djokomoeljanto 1974). A national 
survey of primary schoolchildren from 1980-1982 in 26 provinces described a goiter prevalence of more 
than 10% in 68% sub-districts and a more than 30% in 40% sub-districts. Some villages had more than 
80% prevalence of goiter. This survey estimated the presence of 75,000 cretins in the country since in 
some areas the incidence of endemic cretinism reached 10-15% of the population. It was estimated that 
35 millions people are living endemic areas, and 3.5 millions were affected with goiter. (Benny Kodyat 
1991). In 1988 a follow-up survey the total prevalence decreased by 37%. to 24.95% and further to 
19.90% in 1990. The latest survey covering 27 provinces showed the decline of TGR to 9.8% (better 
than the targeted prevalence of 18%). There were 142.5 millions people living in non endemic area, 8.8 
millions in severe endemic, 8.2 millions in moderate and 36.8 millions in mild endemic area. (Muhilal 
1998) 

The latest survey of 1998 showed the following results: TGR of schoolchildren was 9.8%, 
however TGR of pregnant women in the same village was 16.0%. The median UEI of pregnant women 
showed that 72% were :?: 100 µg/I while 13% had UEI 50-99 µg/1. Median of TSH in pregnant women of 
4,0 uU/ml was found and 30% of them had :?: 5.0 uU/ml. Adequate iodine content (>30 ppm) of iodized 
salt was consumed_ only in 64.6% of households surveyed. There was a good correlation (r-0.8) 
between the proportion of salt that met the requirement for fortification and median value of UEI among 
pregnant women. It was estimated that there was 130.800.000 IQ points loss due to this problem. 
( Muhilal 1998) . We have shown that even with normal goiter and UEI in schoolchildren in areas once 
known to be endemic area, newly replete area, minimal brain dysfunction was found (Bambang· 
Hartono 1996). Neonates' TSH is closely correlated to mothers' TSH (Yasin 1989). Furthermore 
comparing the replete area and iodine deficient area, in replete area, mothers with TSH of <!: 5uU/ml 
give birth to children with abnormal neurological development such as tone, primitive and postural reflex 
developm~nt fro~ 0-2 rears of age. Demographic data also shows serious problems. Among others are 
smaller birth weight, increased premature birth, spontaneous abortion were observed (BambanQ 
Hartono 2001) Iodine capsule has been shown to Improve infant survival in Indonesia ( Cobra 1997) . 

. The ~~nsequence of severe iodine deficiency to the population, beyond endemic goiter and 
endemic cretinism must be stressed. In severe iodine deficiency spectrum of abnormalities are seen 
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even In normal subje~ts. This phenomenon may be understood in the frame of the role of Iodine in th 
development of an individual (physical, neuropyschological and mental). Within this context ·tw~­
components, e.g:. the mother and the, f~tu~. sho~I~ be se~n and discussed as a single entity. The 
accumulated studies show that mothers iodine nutntIon may influence fetal iodine nutritional status and 
,ts development. Thyroid hormone is essential for fetal and neonatal development In particular the brain 
but little is known .about re~ul~tion of f~tal thyroid hormon~ l:ve!s throughout human gestation (Hume' 
2004). The latest issue of iodine ~efic1ency Is whether mild iodine deficiency may· result in abnormal 
human development._ :he prevention of goiter must be translated into the prevention of the central 
11ervous sys/em def1c1ts that are very frequent and irreversible consequence. The role ·of iodine 
deficiency in mental development has not been clearly perveived until last third of the XXth century. 

SPECIFIC REGULATION OF HORMONE REGULATION IN THE BRAIN 

oeiodinase system 
The active 'hormone' is T 3 and not T • hence it must be converted first to T 3 to be able to 

function properly. With the aid of deiodinases active hormone can be maintained to support the normal 
cycle of life and demands. There 3 main deiodinases : DI, DII and DIii They have their own specificities 
and functions. 

oeiodinase system specific to the brain 
lntracerebral thyroid hormone (TH) metabolism is responsible for maintenance of intracellular 

T 3 level. The intracerebral T 4 to T 3 conversion contributed 75-90% of the T 3 bound to brain cell nuclei, 
and only 10-25% comes from the circulation. This local T3 production is the hallmark of brain, appears 
to be a consequence of the ability of brain to rapidly degrade T 3 derived from circulation and isolates 
the brain from environmentally influenced changes in thyroid hormone status. Two isoenzymes of the 
outer-ring deiodinase (ORD), type-I and II iodothyronine 5' deiodinase (5'D-I and S'D-11) are found in the 
brain, S'D-I is localized in the glial cells and 5'D-II in ne:.:rons. The inner-ring deiodinase (IRD) is found 
in the brain, placenta and fetal tissues. The last is called the D-3 (or 5D). The 5'D-II serves as the 
source of T 3 in the brain (Leonard 1992). The differences between D1, D2 and D3 are as follows: The 
main action of D1 is to convert T4 to circulating T3 (active hormone, not modified during pregnancy), D2 
T4 • local T3 (in the placenta, brain, highest in the 1s1 trimester used for hemoeostatic mechanism), D3 
to convert T4 • rT3 (reversed T3 - inactive) and T3 to T2, high in the placenta. It serves to inactivate 
maternal T4) 

Selenium function 
Selenium is essential constituent of glutathione peroxidase (GSH-Px) and 5'D-I. GSH-Px 

protects tissues from oxidative damage. Se in 5'D-I is responsible for bio-activating the prohormone T4 

by converting it to T 3 in peripheral tissues and thyroid . Whereas I (iodine) is needed for hormone 
synthesis, Se is needed for hormone activation , conversion and action. They work hand in hand 
(Meinhold 1992) 

Present ideas of fetal developmental events are summarized in the Figure 1 that incorporates 
the new experimental findings regarding the migratory waves of cerebarl cells into the neocortex for 
human development. Taken as a whole, the indirect and direct evidence identify a relative iodine 
deficiency early in pregnancy as a cause of preventable neurodevelopmental deficits of the offspring 
(Escobar G 2000). Furthermore late second / early third trimester is regarded as critical transition period 
in fetal thyroid hormone metabolism, which may be interrupted by preterm birth and contribute to 
postnatal thyroid dysfunction (Hume 2004) 

To study some difficult clinical aspects such as brain consequences of iodine deficiency, 
animal model (rats, marmoset, sheep) may give light to the pathogenesis of iodine deficiency on the 
brain. In rats T4 and T3 are present in embryonic tissues before the fetus has an active thyroidal 
secretion, and are of maternal origin. Once fetal-thyroid function (FTF). starts, intra- and extrathyroidal 
T4and T3 pools increase rapidly, with 5'-D playing an important role in the availability ofT3 to different 
tissues. Transfer of thyroid hormones (TH) from mother to fetus continues until birth. If maternal 
contribution is missing (due to e.g.: in hypothyroid mothers) embyronic tissue is TH-deficient until fetal 
thyroid is compensating by increasing secretion. The maternal contribution ~f T • and ~ 3 mitigates the 
thyroid hormone deficiency but the effects are both tissue-dependent and 1odothyrornne-dependent. 
The fetal brain is totally protected from T3 deficiency throughout gestation if maternal T• i~ normal and 
D2 activity increases in response to the low fetal T4,'while normal maternal _T3 concentration are of no 
benefit to the fetal brain if maternal hypothyroxinemia is not corrected (Obregon 1998). 
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ROPSYCHOPHYSICAL DEVELOPMENT . 
IODINE DEFICIENCY AND CHILDREN'~ ~~~flciency, which Is also associated With greater I , 

Fetal wastage is frequent In lodin nltal anomalies (McMlchael 1980, Potter 197 l'lttdtflct . 
of abortion, prematurity, stillbirth and ~~;;:ed perinatal mortality, Infant mortality and low bl~· 111 llit 
neonate, iodine deficiency causes an In 001 Delange 1986, Delange 1991 ). A brief revi ~ Wei~ 
babies (Thilly 1980, Bambang Hartono 2 h r~id follicles undergo 3 stages of development· ew Of ht 
ontogeny of thyroid gland are as follow(~] 1~ weeks) and follicular stage (14 weeks onwa~:reco1101a 
stage (7-13 weeks), the colloid stage Active trapping of iodide detectable by 121h ~eeks <11), lQ ~ 
detected as early as 51h gestation.al week, roduction occurs 2 weeks later, during the fin ,Urlng Ille 
precollold stage, and the first Indication of T 4 P TRH Is detected by 8-9 weeks and TSH Is pr al •ta~~ 
follicular lumen formation. In the hYP0thaia~~~ and T 4 concentration remain at very lowe~erit 111 lhe 
pituitary by 10-12 weeks. Fetal serumf t !thyroid gland uptake and serum T • concentrauo e~ \11\tit 
midge station. At 18-20 weeks , both the e a l'I ~in to 
Increase ( Glinoer 2000) ffl d· phase J· ( o• 12 weeks gestation, before the p 

In humans 3 stages can be Iden 1 18 · TH · is maternal. This is the period of r~uellon 
of fetal thyroid hormone. The ~nly so~~~a~~n) phase 11: (12 weeks • to term, perlOdb~ainstern 
development, cerebral neurogen5ts and 9

1 th .'d hormone. In this period neuronal d'ff l'I ~ 
brain is exposed to both maternal and feta yroi . 1 ( t' d . h I erentlation, 
axon al outgrowth dendritic ontogeny and synaptogeneSIS deve op con ~nue_ In r f se Ill) as Well a, 
cerebellar neurogenesis (predominantly prenatal) a~d gliogenesic (pre ominant Y at~ fetal life to 6 
months postnatal) and phase /II: the postnatal period, where ne~nate ~epends on its own thyroid 
hormone producti~n. In this phase the former processes go on combined with myelo-genesls (begint 
trimester • 2 years). Neonatal rat is an excellent-model to study developmental events that occur '1n 
utero' in humans. (Porterfield and Hendrich 1993). · . 

It should be remembered that neurological development follows essential sequences and 
while there is eventual compensation of cell numbers In hyp?thyroidism~ the cellular compos!Uon a~ 
architecture might remain abnormal. (Porterfield and Hendrt<:h 19?3). All or non~ phenomenon• or 
•once and the only opportunity" are sometimes referred to this penod . It was previously thought that 
thyroxin could not pass the placenta, but Vulsma (1989), In congenital hypothyroldissm, showed thaU 
does even a limited placental transfer, In small quantities, reaching 20-50% of the normal infants level 
Due to in upregulation of the II 5' -deiodinase activity of the brain during the lowered T • , these levels ci 
T 4 might suffice a substrate to maintain normal or near normaln T 3 concentration In brain but ncx for 
· oher tissues.It seems that the most important issue for the CNS development abnormalities Is the 
altered flow of nutrients or substrate to the fetus (in this context T 4) (Oppenheimer 1997) . 'Mien 
thyroid hormone Is not adequate, some of the actions of thyroid hormones on brain development could 
be mediated through directly or Indirectly increasing growth factors such as nerve growth factci, 
epidermal growth factor and the insulin-like growth factors. (Porterfield and Hendrich 1993). The 
importance of early transfer of thyroxin was also demonstrated clearly In rats experiments (Escobar 
1993). 

Impairment of the nervous system development and functions is the most importanl 
~o~seque~ces of iodine deficiency. Three aspects are important: first the neurological insult, secooo 

. t1m1ng of_ m~ult an~ third t~e pattern of CNS involvement. During nervous system development~ 
damage 1s 1rrevers1b)e, while pyschomotor function Impairment by hypothyroidism alone not affecli09 
nerve dev~lo~ment 1s regarded as reversible. The system mainly Involved are : auditory (cochlea), 
m?tor ~nd mtellect~al_ (corte~ and basal ganglia). The vulnerable window Is the second and perhaps the 
~htr~ tnmesters. T~1s 1s th~ time of neuron generation and migration. This ls still uestionable to say that 
1odme treatment 1s not necessasry before the end of the first trimester (Obre \n 1998) (Delo~g IOO 
Newtetter 1990). Up to the end of the second trim t . . g . f t I bratn frOfll 
effects 'of iodine deficiency (Cao 1994) Th' . e_s er, io~me treatment protects the ea EEG was 
found only in children born from moth. ts ~s cons1s!e~t with our observation that abnormal statiOII 
(Wijaya 1978). · ers w O were tnJected with lipiodol after 16 weeks of ge 

· . · The critical period for thyroid horm . xiei,ded 
covering from late gestation to 1•2 years in one action In the CNS development has been e atal oaY 
27 ~n rats). According to brain areas thi! p:~~a_ns) or from postconceptional day 18 to ~ stn nesis), 
neuronal migration and maturation _ a no is chara<:t~rlzed by • cell proliferation (gliog~on and 
my~!ination" :· Thyroid deficiency prevent th;on and dendntic proliferation - synapse forms used bY 
lodme deficiency in the complex organl ~rrect set up of brain morphology. The damaged bY 1ate 

. administration of hormones since thyro· dz~ on of neuronal network cannot be amende ageril of 
cell proliferation and differe~tiation Th 

I 
ormones act on these processes as a regutatinQ result rJ 

m~NA and protel~ synthesis. so~e ; ;:P~ogenetic effects of thyroid hormones are th8re wJS 
(m1crot~bule assOC1ated proteins), MBP ( . rain ~xpressed proteins controlled by T, .~,,), ~GF, 
~yn~pstn 1 etc) (de Nayer 1994) · myehn basIc protein), PCP2 (Purkinye ceU proteu ... 
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, Concerning tJ1e effect of Iodine deficiency on cognitive development, metaanalysls of 21 studies 
'. . ,n Iodine dof,cioncy areas from all conlinets (excluding North America), a difference of 13.5 IQ points 

( ~has been shown occurring ln iodine deficient population (Blelchrodt 1987, 1994) 
. · ,) Sevoro Iodine deficiency. The typical consequences of severe IDD _in human life are 

,,, xempUflod by endemic cretinism; neurological and myxedematous type, hypothyroidism and mental 
1 

• _- :.'..;deficiency. (Choufoer 1965, Querido 1972, 1980, Pharoah 1980, Djokomoeljanto 1974, Delange Hl86, 
' .. ~ ~ Qosllnga 1975, 1977). Slmllaritles as well as differences were found in those areas. Myxedematous 
· · , · endemic'cretlns were prevalent In Zaire, Switzerland while neurological endemic cretins were prevalent 
, · . {n Papua _New Guinea, lrlan Baral and South America. In the Himalayan region , China, Indonesia both 
:, .. ,type• were found. The exact pathogenesis of the difference Is not fully understood, but possible 
, -, , explanations were available.( Delong 1989, Hetzel 1994, Halpern 1994, Boyages 1994). The Inability of 
: · .•·pregna.nt mothers to Increase their low circulating T4 (not of T3!) during pregnancy was causally related 
. · , to the birth of cretin& (motor and cognitive Impairment of the progeny was correlated with the degree of 

· . · ' ·n,temal hypothyroxinemla, and not with circulating T 3 or TSH level, those mothers were not cllnlcally 
. · . ... hypothyroid because of their relatively normal compensated circulating T 3 (Escobar GM 2000) . New 
. : ,.: :· development In the understanding of thyroid hormone effect is the presence of isoforms of thyroid 

'. '. , ... · hormo~e receptors: TR/32 that has unique role In photoreceptor development and TR/31 mediates 
• > · 11ctlons In the brain and auditory system . However the exact mecahnism Is still waiting for other 

. : · ·. ·~ndlngs (Heindel 2003). From the pathological point of view thyroid hormone that regulates axonal 
: . . , · myellnatlon may be controlled by (a) peripheral T, and T3 production, (2) TH transport across biood­

. . ·brain barrier (BBB) and blood-cerebrospinal fluid barrier (BCFFB) and (3) delodinatlon of the thyroid 
:- Hormones. It ls known the effect of hypothyroidism on axonal myelinatlon Is the reduced total number of 

' · -axon, decreased number of oligodendrocytes and myelinated axons leading to reduced size of 
. · .. · · associated white matter tract and aberrant myelin structure (Jones 2005) 
.. · •. ·. . The known risk factors of abnormalities depends on : (1) the time, severity and duration of 
. · Iodine deficiency Insult during gestation, (2) the continuation of Iodine deficiency postnatally, (3) the 

· · ·• l~fluence of and aggravation by other environmental factors such as selenium (Vanderpas 
'· · .. , -1990,Contempre et al.1994), thiocyanate (Thllly 1991), Iron (Zimmerman 2002) or other factors. In 

· • ~ose areas Intervention studies were also done, that clearly showed endemic cretinism was prevented 
·: ; · · ~hen iodine was Introduced prior to gestation. Recently blphenolic compouns (BPAs), including PCB 

'(polychlorinated blphenyls) are suspected to lower thyroid hormone levels. It blocks the TR action on 
·. oligodendrocyte differentiation (Zoeller 2005). The first epidemiological study was conducted by 
. ,: · A1.1strallan scientist when for the first lime controlled trial on the use of llplodol Injection In the 

·. ·· prevention of endemic cretinism was done in the Highland of Papua New Guinea, Involving a population 
) of approximately 8000.(Pharoah 1971). • 

,· · In severe endemlas subjects which are not-cretins are also suffering from abnorm!!I 
· : developments such as hypothyroidism, mental retardation, physical retardation etc. Our own study 
, ,~ support those observations and we could say that in severe iodine deficiency 'normals are not normal' . 
. , -' {Ojokomoeljanto 1974). The abnormality forms a continuum both in the cretins and in the non cretinous 

' · · population (Querido 1978, Boyages 1994, Blelchrodt 1987, 1994). In severe iodine deficiency, the 
. ,. · concomitant Iron, selenium and zinc deficiency should also be considered. Coexisting deficiencies of 
, > Ahese' elements can Impair thyroid function. Iron deficiency Impairs thyroid hormones synthesis by 
' . · ,: reducing activity of heme-dependent thyroid peroxidase. Iron deficiency blunts and lrone 
· ':.··supplementation Improves the efficacy of Iodine supplementation. Combined selenium and iodine 
- deficiency leads to 'myxedematous cretinism' Among the seleno-cysteine-containing proteins are 
-:~ glutathione peroxidase, delodlnase and thioredoxine reductase families. Therefore adequate selenium 

'.· :: nutrition supports efficient thyroid hormone synthesis and metabolism and protects the thyroid gland 
. ', from damage by excessive iodide expsore or oxidant stress. Normalisation of iodine nutrition must 

· ·precede selenium intervention to prevent hypothyroidism and thyroid damage (Zimmermann 2002). 
· · ~: · Ttie most important factor is mother's hypothyroxinemia early in gestation, (whether or not 

·:: TSH is Increased), because local T3 generated from T.c by 02 delodinase to supply the temporal and 
· ·, spatial needs for thyroid hormone action in different brain structures is Independent of circulating . 
,.., ·maternal or fetal T3 . These machanism can operate successfully only when there is adequate substrate 

'" :: of T 4_ persistence of maternal hypothyroxinemia later in pregnancy, further decrease the availability of 
- ' T4 to the brain would aggravate the neurodevelopmental damage. (Moreale de Escobar 2000, 2003) 
t Mo·derate Iodine deficiency. The clinical abnormalities related to 100 in such area Is less 

· , prominent and difficult to assess. Besides biochemical laboratory data, sophisticated examinations are 
·, mostly needed. This ls so due to the fact that neuropsychological development defects are specific.for 

.:';' this abnormality. In those areas, mothers exposed to mild or moderate 100 may give birth to offspring · 
: '. with attention deficits and hyperactivity disorders (AOHD). So far tl')is had been reported only in children 
, .. with generalized resistance to thyroid hormones. This might suggest the common mechanism may be 
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IODINE DEFICIENCY DISORDERS IN INOONESIA AT PRESENT 

Since the main cause of IDD is environmental lack of iodine, which will not improve by itself, the 
adequacy of iodine nutrition will depend on the availability of external iodine through several sources. 
One of the main sources ls Iodized salt. Without this Intervention It Is unlikely that adequacy can be met. 
/DD monitoring is therefore imperative. WHO has published manual on the Assessment of /DD and . 
monitoring their elimination in 2001. Identification of 100 and Its monitoring has to be done an)'.Wh~re 
where resident population are goitrous. In this case palpation is adequate. However with the availability 
of urinary iodine estimation and other methods for assessing iodine deficiency, 100 can be seen int~ 
non-classical places like in coastal areas, where goiter based on palpation is normal, in large cities, Ill 
highly developed cities or in places where too have been considered to have been eliminated, either by 
prophylactic program or general dietary changes. (WHO 2001) The monitoring system Is to check the 
sustainability of program 

There are 2 recent reports concerning the status of IDD in Indonesia. One is the National 100 
Research published by the Department of Health (1998), which showed the overall improvement of IOO 
status In Indonesia. The summary are as follows: TGR of schoolchildren 9.8%, pregnant women 16.0Gfo, 
median UEI in pregnant : •omen ~s ~ood (147,0 ug/1), however.13% were< 100 ug/1, median TSH was 
good (4.0 uU/ml} but 40 l4 were still higher than 5 uU/mJ. From this data it was estimated the toss of IO 
was 130.793.313 points. For the sake of comparison the goiter prevalence was 22.8% in 1993.Th15 

must be due 10 the. tremendous effort in the prevention program launched by the Government of 
Indonesia In recent yeal'$ (Dini latief 1999, Rahmi Untoro 2003). 

79 

Dipindai dengan CamScanner 

https://v3.camscanner.com/user/download


f'r()Siding Ternu llmiah, Kongtes XIII PERSAGl,2005: 75.99 
Iodine Deficiency D_fsOrders 

Djok~janto · 

Intervention programs . . . . 
Intervention program In Indonesia was designed following the social process d · · 

by Hetzel at the First Seminar on Endemic Goiter and Cretinism in Indonesia Sem mo ~I put forward 
1978). This was based on the epidemiological studies ·on the wide distribution of ~~~~h Y8i'( Hetzel 
island is exempted from the problem and the understanding of the effect of iodine d fi ~ a most no 

Population especially in t,he severely-iodine deficient areas. Theoretically iodine defic' e ici_ency onf the 
· t · t d fi · · . . Iency Is one o the· 

si~plest m1cr~~u nen be 1c1f nc~ef~ to a?dress. By peno~ic~I supplementing target population with 
iodine th~ iro f m ca"-u, ~ S~ vet d e.f ~t!ca/~y. In our case Iod1zed ~alt was th.e intended ideal solution. 
lnte~ed1a e acA10

I 
nhs w1h 1ffo 1~a e 01 , m1ect1on or capsules '.Here gIyen in moderate and severe iodine 

deficient areas. . t oug e ectlve other _met~ods are not practIc_al for national program. 
To attain the ~oal that n? _cretin will be born in 2000 ( it is changed to 2010), a national IDD 

committe~ was established by ~1m~ter o_f H_ealth Decree in 1990 and the national 100 country program 
thus cons1ste~ ~f three _s~r~teg_1es . (1) 1od1zed salt for human consumption as permanent long-term 
strategy, (2) iodinated 011 m1ect1~n or capsule for severely endemic.areas, as a short time measure and 
(3) iodinated water as an appropriate technology in special high risk areas. (Benny Kodyat 1991) 

Iodized salt 
Salt iodiz~tion began ~nder the Dutch regulation in 1927, but stopped in 1945 when salt 

monopoly was disbanded. It 1s understandable that good quality iodized salt and its distribution 
throughout Indonesia, an archipelago with more than 13000 islands, needs well established 
infrastructure._ i:o ma_ke the ~robl~m si~ple ~he blanket approach with 40 ppm KI0

3 
(±25%) was 

adopted. Preliminary intervention tnal using this concentration was carried out in Central Java, which 
proved that 40ppm of iodized salt was effective in reducing goiter and increasing urinary iodine 
(Djokomoeljanto 1976, not published). The combat against 100 was initiated with the UNICEF support 
in 1976. At the beginning of the program, responsibility and accountability for enforcement was unclear 
within the government, and there was no mechanism for coordination among involved ministries and · 
private sector. In 1990, the Indonesian Government (Go:; resumed a nationwide IDD control program 
with the assistance of the World Bank, ~NICEF and other agencies. The goal of the program was to 
reduce the prevalence of 100 through monitoring the iodine status of the community, increasing the 
supply of iodized salt consumption while improving inter-sectoral coordination. . 

The World Bank supported Gol with Intensified 100 Control (IIIOC) Project started in 1997, 
however progress has been slower than expected because unresolved problem of poor accountability · 
and weak enforcement. National coverage of iodized salt consumed at household level increased from 
78.2% in 1995 to 81.5% in 1999. However iodized salt adequacy (containing> 30ppm) rose only from 
50% in 1996 to 65.5%, 63.5%, 64.6%, 65.5% and 68.6% in 1998, 1999, 2000, 2001 and 2002 
respectively. . · · 

According to the assessment of Susenas (National Health Survey), from 27 provinces only 4 
provinces reached the expected > 90% iodized salt household consumption.; provinces in Java and 
Bali still at the level of 40 - 70%, while 2 provinces (NTB and NTT) were classified as very low (<40%) 
and some provinces stayed at the same level. Based on the district variations, from 1998 to 2002, 
57.5% districts were at the same level, 14,6% became worse and 19.6% showed improvement of 
iodized salt consumption. · · 

0 The s_alt industry ls relying on more than 25,000 small salt farme~s.that produce about 801/o salt. 
PT Garam, -a government enterprise, produces only 20% of Indonesia s salt. The salt farmers are . 
concentrated in the north coast of Java, Madura, Bali, South Sulawesi a~d ~~st Nusa Te_nggara. 
Higher capacity of salt production is concentrated in Java and Madura, . while It Is very low In. other 
provinces. Small farmers p~oduce their salt with basic traditional technology that r,enders salt with low 
quality, and not suitable for iodization. 

Table· 1. Percentage of household using adequate iodized salt (>30ppm) according to 
· · •. province and some districts. . 

WSm WJv NTB NTT 
1998· 93.7 59.2 12.1 
1999 90.3 ·- 54.3 12.5 

2000 · 90.5 57.7 13,7 
18.8 
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P Mid Term E rwo issues may anse. From th· t '-"as . · ·:' 

0
rt of the satisfactory. It producers (lndramayu 

I.s StlJcly a~ ·. 
Fro~ ht~is~~old I~ far:~~~ of peoPI~; 0~~odized salt._. This may be •d~~r~bon, ~~ -~~ 

coverage fo districts with Pe of consun1P11 reness Is lacking. The other iss 
O 

the ill!j~' ~ ~1 

that in JaV), haS !oW cover~f and public aW~blems. For both issues law enfue Is in~~~ 
Probollngga the comrnun1 y, the logistic pr orcerne l't t 'i 

d'zed salt to be due to . . . nt la' ~. 
lo I k which could d that the concentration of iodine in salt . . . ~ 1 
Malu u ble 1 ). BPS showe IS 1nnlJ I 
successJ~~r observation frrno~(Table 2). ,.._ 

alt al ho Id d . . •11 
method theY keep s . . d·zed-salt at house ho s an their IOdine . , 

Methods of storing 10 I content •. 
Table 2· Iodine content · 

s Unsatisfacto US 
Method _ _j[3S~al~iswfa~c~to~~T.::.:.:=J1i2],5[30/c~o~~--r-

- 75,2 % 
49.9 % 23.5 % Closed 

Oen 
Near oven I stove 
In the cu board 
on the rack 

BPS 2002 S=>30ppm, US < 30 ppm 

59.6 % 19,3 % 
81.7% 11 .1% 
70.1 % 14.8 % 

Iodinated oil capsules f . terventlon when severe and mild 100 were simultaneou ~. · · 
In the early ph~se to in m iodized salt and iodinated oil injection ('lipiodol') was ·

s
'' ~ 

the blanket_ approach w1th .f~ moderate to severe IDD, and in remote areas, as judge~n~ 
later was .d;ected ~\~::;; the results of our national survey. Injection was given every~~l1 
:c~~o~hl1ilpi~;or~or children age 0-6 months, 0,3-0,6 ml age_ 6-~2mont_h~, 0~-1,0 ml fors: 
and 

1
_
2

ml for 6_45 years (Hetzel 1978). The target and reahzat1on of mJect1on in 25 provintesl 
eriod of from 1974 _ 1989 ( Five Year Development Plan II through IV) are presented in nextTt 

~II together 11.462.192 injections out of the 13: 193.455 target (86. 8%) wa_s achieved. (Coun~ i 
New Deihl 1989). Evaluation showed that this approach was not effic1~nt as a natiolial rr. 
although effective for special purpose. Some reasons made Gal to stop this approach. ~ 1 
are the failure to reach the same person in the next 4 years, difficult guarantee for safe injedi:n 
to high prevalence of hepatitis, Injection has to be Imported, and high delivery costs 

Table 3. Number of Iodinated oil injection (lipiodol) distributed and its coverage 
(Benny K, 1991) 

Plan (years) Target Total injections % coverage 
II (1974-19791 1.036.828 1.036.828 100 
111(1979-1984) 6.484.262 5.928.915 91.0 
IV (1984 1989) 5.672.365 4.496.359 79.0 
Total 13.193.455 11.462.192 86.68 -

, PT Kimia Farma with the h 1 /l~ 
( Iodized-peanut-oil' Kimla Farma ln~b of _CSIRC;> (endorsed by Dr Hetzel) produces Y~ ~ 
oyercome the above mentioned robl nesia) ""'.h1ch was then used for national interventi

0
~ I~ 

~~en ~nee a year. Field studies tad b ems. Th_is capsule was effective to prevent a~d ~ed~' 
de~~~ious than iodized poppyseed ~-fn cam~~ out since, and showed that pean~t iodiztrolifi9 
the dis~~Y ~Untoro _1999). The capsule' contam~ng_ the same amount of iodine !n con nnel~ 
TGR of buth1on of vitamin A. Again the c~n ~e d1stnbuted following the same existin9 c~ak•sed' 

sc oolchild . cntenon f • . . diol 1s ~ 
correlation betw ren children. Earlier st d or receiving iodinated capsule yo there ~ 
confirmed by th e~n schoolchildren and u Y, . before IDD intervention prograrn, whjG!I (, 

~Odio/ capsule ~is~~~s~tisurvey (Muhilal 19~~r~~bo1n TGR (r=0.93) (Tarwotjo 198
2ledth6~ 

998). Each yodiol on was high in re · e 995/96 - 1997 /98 surveys reve~ w rliR 
gender. Dose is g· capsule contains 20PO gnant women with high TGR_ but not in 100" ttie1 
capsuI iven one mg I /ml ( ' nds '' (1• 
(Dept H' women 6-35yrs 2 ce a Year: Infant (<1 ) . ± 12 drops). The dose depel childreJl ~~ 

ealth 1992). apsules, pregnant 
I 

yr ~00 mg (6 drops), preschoO le 6-20~. 
nursing women 1 capsules and rna -

. , 
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In the year 2000 the iodinated capsule target was 7,0177.51'.9 (or caw (child be • • 
women),. 870.273 for , pregnant women, 914.S.O tor nursing women. and 676.&61 fOf ~ age 
schoolchildren. However. compared to the target the coverage achieved only 60.a.4% target t«~ 
86.9 % target for ~egnant and 61 .3 % target nursing women and ~ .9% ta~ts for schoolc:hi~ 
(Directorate of Nutrition, 2001) · . · · 

Table 4 . Coverage of iodinated 011 capsules (Yodiol " ) in the~ 2000 . 

Item Child Bearing AW Pregnant 'Mlmel'I Nu!SingMolhers Prm School Chid . 
Taraet ·7.177.519 870.273 91•.470 678..661 
Distributed 4.365.509 756.693 560.720 . 569.4« 
Cov:vMA 60.8% 86.9% 61.3% 83.9 % 

0 : Direct S urce orate of Nubtion, MoH. Nov, 2001. 

Monitoring and evaluation 
When we did our rec7nt national s~rvey_ {reported eartier) the goiter rate was done by palpation 

method. We know tha~ palpation method bnngs inter-observer even the intraobserver variation which is 
not small. To check this. we undertook study, using ThyroMobil method (initiated by Delange in Europe) 

. in 5 pro~inces in Indonesia. The aim ~f the ~tudy was. to e":3luate the present IDD status · (using the 
·. standardized method of USG for thyroid grading and unnary iodine) and to compare the two accepted 
• methods for goiter grading estimating goiter prevalence in the community, e.g.: palpation and that 

using ultrasonography. In large parts of Indonesia, IDD has been eliminated but in many places it had 
. been repalced by iodine excess. In Java and Sumatra the median UEI was 195 µg/1. Frequency below 

100 µg/1 was 17.2% but 18.2% above 300 µg/1 and 0.7% even above 1000 µg/11. The exteremely high 
valu~ (~30~0 µg/1) was only f?~nd in Central Java, in the district of Sukohardjo. We did not check yet 
the 1odme-mduced hyperthyroidism. It was found that with the exception of Bali, other studied provinces 
(West Sumatra, West Java, Central Java, Yogjakarta) were good (Djokomoeljanto 2001). This data 
supported the previous national survey (Muhilal et al 1998) that IDD had been eliminated in large part of 
Indonesia. Further more a very good correlation exist between both prevalence based on palpation 
method (9%) or ultrasonography ( 8,6% based on age. or 6.8% based on BSA body surface area) 
(Ojokomoeljanto 2001). 

The program and impact evaluation is now being· done in Indonesia and will be finished the end 
. of December 2003. From the preliminary data in Central Java we can conclude that community iodine 

status are mostly good. However substantial percentage are in excess (more than 300 µg/1). From my 
private patients, originating from Central Java who came for other thyroid diseases and UEI were 
checked , I had the impression that their iodine status were also good. and around 20% showed UEI 

' more than the accepted standard, which raised question whether we have to consider the standard 
Iodized concentration of 40 ppm or nol If we look at the present data of 2003, school children from 

: Sukohardjo have still very high UEI. This had been mentioned also in the above mentioned ThyroMobil 
. study. The UEI should be checked regularly. 
. However we must still be aware that improvement in TGR and biochemical status in former 

.- . iodine-deficient areas may still have impact on the brain pathology. An example of this came from our 
-study of schoolchildren from 2 adjacent villages in Central Java, one was formerty severe IDD area 
· (Sengi). (Bambang Hartono 1996) Despite 'normal' iodine biochemical markers ( UEI and TSH ) and 

physical development, the IQs ( full scale, performance and verbal ) are different between the two 
groups by about 10 IQ points apart, while minimal brain damage (MBD) was prevalent In the ex -
severe group (Bambang Hartono 1996). This is in accordance with observation by Dr Connolly and 
Pharoah ( 1981) concerning the behavioural sequeallae of fetal_ iodi~e deficiency. . . 

In iodine deficient areas mothers are at risk of abortion. increased pennatal death etc (Th1lly et 
al (1980) In Zaire, and Bambang Hartono (2001) observed also in Ngantang East Java). This may bear 
consequences since preterm neonates besides show negative . iodine ~lance and neonatal 
hypothyroxinemia are. in the 'in the critical period' where if untreated will results m neurodevelopment 
abnormalities. Care should be taken to avoid iodine deficiency In preterm: babies (Ares 1997, 

Porterfield 1993) . . · 
Evaluation of iodine deficiency in Central Java and other 4 provances in 1996 showed th~t 

· despite normal iodine nutrition in ·children. considerable percentage of ~nant ~others we~ sbU 
suffering from mild IDD . This means that the risk t_o give birth abnormal babi~ were still there. This ?n 
be seen from examples shown in Table.3, It shows that (a) In the san:ie are~ the TGR of mothers is 
significantly greater than the corr~sponding TGR of schoo~children. (b) D~spite _,:ionnal TG.R a_n~ UEI 
in children considerable number of pregnant women stiD show TSH more ~an 5!-1U/ml which point to 
risk condition for the offspring. (Djokomoeljanto 1997. Djokomoeljanto 2001, Djumadi~s 1996). 
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. . l """' I lah KoOgteS t . . 
~ c..... • · umber of pregnan women had h ·.. · -

onsiderabf~ n ritY development of their offs:pri igh l'~ + 

rt is obvious fro~ Ta~~\~uro/O!l,cal ~:~mpairm~nt' will undergo neuro:::• ~ -l ~-, 
. at the risk of ,~pa. sient-neurom tes born with TSH above 5 uUtrnt i~-•w~ 

!h,ey wer\rea·. Babies with _1ra; cohOrt of neona, (Bambang Hartono 2001). This i ~~~-t 
:~1:.f~e:ir life. In the :~~

1;;n!Y develog;:;!h·e relationship between transient ;y~~~ , 
impairment of neurolog I I (1995) wt,o sh I twO years of age. . 1ro~'"•-1.,.: 

. by Reuss e a . I pment a C . !\...,~~, 
observation urologic deve o nant mothers in etral Java (199S) -··1t, 
,_term infants to ne GR rsH of pre9 · · 
,,.- I 5 UEI T , ---:-::::~.-Tii~~~it",:;;-;-:- ; . 
. Tab e · ' UEI < 100 ugA UEI < 50 ug/1 TSH > 5 -----1:;fi~~J TGR • % o/o mothers % mothers % ~ l.l1Jh,i 

Mothers 16_6 6.3 ~ 

L----::-:.-~~wl 1.1 37.7 13.5 109 
T al munci al ;J 30.5 13,3 195 

ojokomoeganto 1997 

Kesehatan 2005) which was done in 2003 was repon ,: · .' 
The IP-GAKY Evaluation (Departemen ed lrJ 21'1;, 

· data· 
showed the following · , as 11 O% compared to 9.8% In earlier survey. The 

1. TGR among sch~olc~lfdren ~emia · TGR in moderate provinces dropped by 55~ « 
TGR was noted in higher en demi~ while East Java and Nusa Tenggara Timur to · ~ 
province belongs to severe en ~ 
endemia, 
Median national UEI is 229 µg/L from 147 i_n the earfhier ~;'eyid~o~~ thadn 35% With UE!>)i 2

· g/L This increases risk for IIH (Iodine mduced ype yro sm, an AITO (auto/mm,~ 
µ ' 
thyroid disease) 

3_ 61 _4% of household surveyed consumed adedqua~et (mh _ehaninTgG>R30 pdpmbei~dine), There Isa rt 
from lower to higher UEI among population, esp1 e 1g er an ,ow target lodized t,i 
consumption in housholds. 

From those obsetvation we can conclude that : 

a. Evaluation of the iodine status of a population cannot be based on TGR and/ or UEld 
schoolchildren only since normal TGRIUEI in this segment does not reflect necessarily ~ 
that of pregnant women 

b. Mothers from_ mild and replete-areas are still bearing consequences for the neuropsych0lo1d 
development impairment of their offspring · 

c. J8H
I
increase of m_others in mild and replete areas Is an indicator of the risk for 8~ 

eve opment of their children while tr , t TSH J risk ooyli 
mild iodine deficient M ' ansren increase in the neonates s a ~ 
used as a tool of r~a. t any auth0rs had shown earlier that neonatal TSH pro6Je ~ 
program (Sullivan 19~7 e~af't sev~rity of Iodine deficiency and surveillance of proph~ 
that pregnant mothers' wit: ~~avm 1997, D~lange 1998, Delange 1999). Hadd~on r,t ; 
neurodevelopmental impairment gh TS~ dunng the second trimester of gestati ~ • 
screenin~ of pregnant mothers forof _t~e,r progeny at 10 months after del~e,r, b3¢' · 

,second_tnmester elevated maternal ;~~cal and subclinical hypo-thyroidism whrch 15
2

()()0) · ! 
d. · There most recent . has been proposed (Moreale de Escobar, G d 

'cosntant' TGR and .:~~;dirit~t~s that iodine nutrition is shifting to higfler 1e-1el ..J 
L c ena of 90o/c h .;,_,, still IJ11'fl,.,, 

e. eve/ of iOdine fortificati . 0 ousehold iodized salt consumpuu•• 
on m salt (e g 30 

Stre • · · ppm ) should be reevaluated. . 
ngth and weaknesse . . 

The Stren h s oflndoneslan 10D C . ' 
regional goiter ma~t ~!he_ existence of POiiti ~ntrol Program tt,e ~ 

rch is updated, the exi~~n c~mmitment to continue the IDD·~~~I ¢1. 
· . 9 residential Decree and lnter·M11115 . · · · 
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and Commltmen~s o~ _iodized salt regulation and the good collaboration between Dept of Health and 
researchers - universIt1es. . . . 

Iodine Deficiency Disoroers 

ln order to have a referral center for 100 and IDD control program esp~a'ny in Indonesia 100 
ce_nter (P~sat GAK'.) was established in 2001 . The site_ of_the center is in Semarang, in the sam'e site 
of intemat1~~~1ly acknowledged ID~ Laboratory. The mIssIon of the.center is to develop expertise and 
support fac1l1bes of all _100 relate~ issues, to support national iDD control in Indonesia, and collaborate 
\\~th all sta~eholders m lndones,~ and other countries in virtually elirninatlng -lDD, The board of the 
center c?ns1sts _of a_ll e~perts and interest scientists in IDD trom all universities and research centers In 
Indonesia. A s~e~tific Journal on 1D0 ~nd ~lher inf~rmation and communication system· are developed 
to me~t the m_1ss1on, a_nnual ID~ seminar 1s organized. ln the latest ~inal Evaluation of IIDC Project 
(Intensified Iodine Deficiency Pl'Oject), the Center together with IDD laboratory take significant task. 

The R_A~·KPP-GAKY (2005) as an intersectoral guideline for programmer, policy makers, 
implementors, 1od12ed salt producers has been published recently. _ 

The Weakne~ses. Ge?graphical condition of an archipelago like Indonesia, the diverse 
cultural pattern that dictates vanous preferences of type of food and salt, public awareness on IDD is 
not adequ_ate, th7re are m~ny locally produced salt of different quality that· involve poor farmers with 
their specific soc1oeconom1c problems, and the early stage of decentralization which make difficult to 
develop and disseminate standardized strategy for 10D elimination. 

The decentralisation system adopted requires more cooperation and coordination at the 
kabupaten - provincial and national level. 

RECOMMENDATION 

USI should be given priority especially in prominent · salt producing provinces. Intensive 
enforcement ·and control should be given for guarantee only iodized salt is distributed in non-producing 
provinces, especially those which still keep IDD endemic pocket. Imported or inter-island salt for 
consumption should be iodized at the focal pouint before distribution, or it should be iodized earlier. 
Program and human impact must be monitored regularly. Since in our study urinary iodine excretion is 
the most appropriate outcome indicator for iodine deficiency at field conditions at district level (Pardede 
1998), IDD Center with its 100 lab may support this program. 

Appropriate iodized salt production technology should be available to the poor farmers or to 
groups (cooperative) to enable them to produce better salt to be iodized and lengthen the retrievement 
period to improve the selling price. In this case the Ministry of Industry and Commerce has tremendous 
heavy task to cope with the problem to attain the goal in 2010. Law enforcement must be endorsed .. 
Social enforcement should be taken into account. 

It seems that iodinated oil still have some functions in the IDD control program to cover 
pregnant and nursing women as well as child bearing age women. In the meantime people's awareness 
through all kinds of media must be enhanced . 

Since iodine deficiency is equal to intellectual capacity loss, and since treatment is relatively · 
easy, and iodine leached soil will not be replaced within centuries, the prevention program· is a lifelong 
effort and iodine nutrition monitoring is mandatory. · 
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