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viding iodine supplementation, in areas

where salt iodization program has failed,

or when iodized salt is not widely avail-
able, iodized oil can be used for iodine supplemen-
tation. Following administration of iodized oil, io-
dine is continuously released from the lipid stores
over long periods of time. The effect may last for one
year after oral and up to 3-7 years after intramuscular
administration, helping to prevent endemic goiter,
physical and psychomotor retardation, and the un-
desirable pre- and postnatal complications of iodine
deficiency. Iodized oil administration decreases the
size of goiter, reverses hypothyroidism, improves
psychomotor performance and corrects auditory dis-
turbances caused by iodine deficiency. Derma-
tologic complications, iodine induced hyperthyroid-
ism and hypothyroidism may occur following its
use, but enhancement of thyroid autoimmunity and
thyroiditis have rarely been reported. The use of io-
dized oil during pregnancy has no deleterious ef-
fects on the thyroid function of the offspring,.

Ithough universal salt iodization has been
A used as the most effective method of pro-
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Introduction
Although millions of people with iodine
malnutrition suffering from goiter, growth

Correspondence: Fereidoun Azizi, Endocrine Research
Centre, Research Institute for Endocrine Sciences, Sha-
heed Beheshti University of Medical Sciences, P.O. Box:

19395-4763, Tehran, LR. Iran; E-mail: azizi@erc.ac.ir

and mental retardation have benefited from
iodine supplementation, one third of the
world population still live in areas of iodine
deficiency.

Universal salt iodization (USI) has been
used as the simplest and most effective
means of providing iodine supplementation.
It has resulted in sustainable elimination of
iodine deficiency disorders (IDD) in many
countries of the world.” In some developing
countries with iodine deficiency, iodination
of salt, bread or water has failed to eliminate
IDD; various socioeconomic, climatic, or
geographic factors have made systematic and
sustainable iodine supplementation difficult
and unsuccessful. In such conditions and at
the outset of implementation of an IDD pre-
vention program, administration of large
quantities of iodine in the form of slowly ab-
sorbable iodized oil has been successful in
prevention of IDD and in treatment of goiter
and hypothyroidism caused by iodine defi-
ciency.”® It is the intention of this paper to
review the beneficial and side effects of io-
dized oil administration in the prevention and
control of IDD.

General characteristics: Iodized oil is the
product of addition of iodine to double bonds
of the unsaturated fatty acids of certain plant
oils. Administration of iodized oil prepara-
tions owes its success to the slow and con-
tinuous release of iodide from the lipid stored
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over long periods of time from various pools,
particularly adipose tissue.’

Intramuscularly iodized oil supplementa-
tion causes a longer half-life than the oral
form. The half-life of iodide, released from
stored iodized oil after intramuscularly injec-
tion has been reported to be between 5.1 and
5.6 months;>* however, other studies have
reported different half-lives. The maximum
urinary iodine concentration appears 3
months after intramuscularly injection. The
decline in urinary iodine concentration is at
least bi-exponential, with an early fast period

of one week required to decrease urinary io-
dine by 50% (t ;) of approximately one
week, and a slower component with a t 1
months or more.'’ Intramuscular administra-
tion of iodized oil appears to help avoid some
of the extremely high early iodide concentra-
tions seen after oral intake of iodized oil.

Diarrheal disease'' goiter, '* iron defi-
ciency,13 malnutrition,'*  selenium  defi-
ciency,” use of manioc or cassava,'® and
worm infestation,'” may affect the response
to iodized oil administration (Table 1).

Table 1. Factors influencing the efficacy of iodized oil administration

Factor Mechanism

Reference No.

Diarrheal disease
Infestation
(ascaris, entameba)

| Availability of iodine
| absorption or retention of iodized oil 17

11

Iron deficiency | Thyropeoxidase activity 13
Long standing goiter | Thyroid reserve 12
Malnutrition | Peripheral availability of iodine 14
| Thyroid function
Selenium deficiency | 1, 5- Todothyronine denominate activity 15
Use of manioc or cassava Formation of thyocyanate and 16
Competitive inhibition of iodide transport
TSH (nU/mL) T4 (ug/dL) T3 (ng/dL)
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Fig. 1. Individual values and mean (1 SEM) level (bars) of serum thyrotropin (TSH), thyroxine (T4),
and Triiodothyronine (T3) in schoolboys with iodine deficient hypothyroidism (aged 7 to 15 years) be-
fore therapy (closed circles) and four months after the administration of iodized oil (open circles). The
shaded areas represent the normal ranges in euthyroid children in Tehran.
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Prevention and treatment of iodine defi-
ciency disorders: lodized oil has been highly
successful as long-term replacement therapy
for IDD. The method is inexpensive, ap-
proximately € 0.80 per dose, and can be eas-
ily implemented through local health ser-
vices. The effect may last for 7 years in
adults and 3-5 years in children after intra-
muscular injection and for 1 year after oral
administration.'""®

The use of iodized oil in the prevention of
endemic goiter was initiated by Clarke et al."
Shortly thereafter McCullagh® and Han-
nessy”' reported the reduction of goiter rate
in controlled trials of iodinated oil given in-
tramuscularly to goitrous subjects. lodized oil
reduces goiter size,”> improves mental and
psychomotor performance in schoolchil-
dren,”** and prevents undesirable pre- and
postnatal complications of iodine deficiency.*
lIodized oil has failed to reverse hypothyroid-
ism in adolescent and adults with endemic
myxedematous cretinism;”’ it has however
been shown to be effective in restoring normal
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thyroid function in children with cretinism up
to 4 years of age, being only partially bene-
ficial in older children.®® In a study of
schoolchildren with goitrous hypothyroid-
ism due to iodine deficiency, it was shown
that T4 and TSH reverted to normal in
girls® and boys.”” Fig. 1 shows changes in
serum T4, T3 and TSH before and 4
months after intramuscular injection of 480
mg iodized oil, effects which persisted 1-3
years after iodized oil injection.’® Table 2
shows normalization of serum TSH and T4
concentrations for up to 36 months after in-
tervention. The marked decrease in the preva-
lence of goiters, in particular the larger ones,
was also seen after 3 years of injection.

lIodized oil prophylaxis in mothers, before
and during the first trimester of pregnancy,
has shown improved pyschomotor and intel-
ligence quotients in offsprings.”>>' It has
been shown that iodized oil administration in
children with severe iodine deficiency im-
proves auditory thresholds, 1 to 3 years after
intervention.”

Table 2. Serum concentrations of TSH and thyroid hormones before and 1, 2 and 3 years after iodized

oil injection in both sexes

Months after injection

Sex Before injection 12 24 36
F 19.9+20.1 0.9+0.87 0.8+0.6" 1.8£1.6 1
Serum TSH (mU/L) .
M 20.6+25.7 1.4+2.3" 0.6+1.8" 2.542.3"F
F 4.6£2.1 10.8+2.8" 9.8+2.5" 9.5+2.1%
Serum T4 (pg/dL)
M 5.442.0 10.7+3.3" 10.2+2.3" 9.7+1.8"
F 167+47 16040 185437 150423
Serum T3(ng/dL)
M 16840 146439 158433 151427

F: Female n=43, M: male n=42; * P<0.001, Compared to 24 months after injection; T P<0.001. Compared to

before injection

Studies have shown that oral administration
of lipiodol before or during the first trimester
of pregnancy normalizes thyroid function in
newborn babies and mothers. lodized oil dur-
ing the first trimester of pregnancy had no

deleterious effects and may prevent hypothy-
roid or neurological cretinism. A decrease in
both prematurity and stillbirth rates and the
number of abortions was reported amongst
the treated subjects.”” **
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Route of administration: Duration of the
effects of iodine supplementation is much
longer following intramuscular injection, as
compared to that of oral administration of io-
dized oil. However, injections under field
conditions in developing countries have dis-
advantages, especially the potential risk of
communicable diseases and dependence on
trained manpower. In this regard, oral ad-
ministration of single doses of iodized oil
capsules is a good alternative, since this re-
quires less technical training, fewer instru-
ments, and less time. Also, certain hazards
are avoided, such as infections and improper
disposal of needles.

Complications of iodized oil admini-
stration: lodine excess, including the over
correction of previous states of iodine defi-
ciency, can impair thyroid function. Al-
though a euthyroid individual can tolerate
up to 1000 pg iodine per day without side
effects,”® smaller doses below 500 pg daily
intake may cause adverse effects in a popu-
lation previously exposed to iodine defi-
ciency.

Dermatological complications: In a study
of 3420 patients with simple goiter, skin
complications were observed in 29 patients
(0.8%), the highest incidence rate being ob-
served in the 20-29, 30-39 and 40-49 year
age groups.’® The distribution of the patients
with regard to the timing of dermatologic
complications is illustrated in Fig. 2. Most of
the complications were observed during the
first 8-14 days after injection. Among the 29
patients with dermatologic problems, 4 had
diffused, generalized lesions and 35 revealed
only localized lesion at the site of injection.

Iodine Induced Hyperthyroidism (ITH): A
rise in the occurrence of thyrotoxicosis has
been reported in several endemics37-40, fol-
lowing reports of occurrence of IIH in two
African countries.*** Many prophylactic
programs with salt iodization at various lev-
els and with iodized oil in varying amounts
have failed to demonstrate any increase in in-
cidence of thyrotoxicosis.*™*

number of patients

Time since injection (months)

14
12
10
8
6
4
2
, o B
<01 1-3 4-7

8-14 15-21

Time since injection (days)
Fig. 2. Time of occurrence of dermatologic
side-effects following iodized oil injection.
More than half of the cases occurred within 8
to 14 days following injection

It has been suggested that IIH is rare in a
well-executed IDD control program and the
innumerable benefits that correction of iodine
deficiency has in preventing brain damage,
ensuring child survival and improving the
learning abilities may be worth the risk of the
rare occurrence of ITH.*

Table 2 shows the rare occurrence of
proven IIH, both clinical and laboratory
based diagnosis, reported in various studies.
Many of the cases reported were transient
and subclinical (laboratory increased T4 and/
or T3 only). In the majority of studies the
prevalence of IIH was 0.6-1.7%. However,
there are many studies in which no IIH was
reported. Time of occurrence of IIH is shown
in Fig. 3. Following injection of 480 mg io-
dized oil to 3420 patients with simple goiter,
0.6% developed IIH; 12 of 20 patients were
clinically hyperthyroid and 8 patients had to
be treated with antithyroids.*

Thyroiditis: Some studies have suggested
that excess iodine intake may trigger thyroid
autoimmune reactivity by increasing the im-
munogenicity of thyroglobulin or by induc-
ing damage to the thyroid cells by free radi-
cals.®** Cross-sectional studies of popula-
tions in Great Britain,” Italy’' and Denmark
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Time since injection (month)

Fig. 3. Time of occurrence of hyperthyroidism
following iodized oil injection. Twelve out of 20
cases were detected within 3 to 9 months after
intervention.

and Iceland,”® have shown that the frequen-
cies of thyroid autoantibodies and hypothy-
roidism are higher in iodine-replete than in
iodine-deficient populations. However, none
of the large epidemiological or clinical sur-
veys following iodine supplentation have un-
covered any significant iodine-induced thy-
roiditis with public health consequences,36’47’53
and overwhelming numbers of subjects treated
with iodized oil show no significant changes
in antithyroid antibody titers.***

Hypothyroidism: A damaged thyroid may
not be able to overcome the inhibitory effect
of excess iodine. Transient and mild hypo-
thyroidism are occasionally seen after io-
dized oil administration.”’™® In the study of
3420 patients who received iodized oil injec-
tion,® hypothyroidism was observed in 20
patients (0.6%) with a female/male ratio of
9:1. Diffuse goiter was observed in 14 cases
and nodular goiter in 6 patients, estimated
thyroid size was 34.5£5.3 before and
38.4+7.1 g after injection (NS). Most cases of
hypothyroidsm were observed during the first
6 months after injection (Fig. 4).

Iodine goiter: The prevalence of goiter in-
creases when iodine intake is chronically
high. This condition has been reported in the
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Number of patients

<03 36 69 9-12 12-18 18-24 24-30 30-36

Time since injection (month)

Fig. 4. Time of occurrence of hypothyroidism
following iodized oil injection. Fourteen out of
20 cases occurred during first 6 months follow-
ing injection, only 3 cases were detected after 9
months

coastal areas of Japan and China and may ac-
company hypothyroidsm.*”*

Sialadenitis: Mammary tissue, salivary
glands, gastric mucus and choroids plexus,
all of which have the same or a very similar
symporter, concentrate iodide by a mecha-
nism similar to that of the thyroid gland. Ex-
cess iodine may affect the salivary gland and
cause iodine-induced sialadenitis or iodine
mumps; 3.5-24% of those receiving iodized
oil may develop transient sialadenitis.”**

Iodized oil in pregnancy: lodized oil has
successfully been used for prophylaxis of io-
dine deficiency during pregnancy. There are
no hard data to show that concentration of
circulating iodine reaches the minimum in-
hibitory level for thyroid function. In a large
study of 277 cord blood samples and 1026
blood samples of neonates and infants in
Iran, whose mothers had received iodized oil
injection during pregnancy, no case of hypo-
thyroidism was detected.”

The use of iodized oil is recommended in
remote areas of iodine deficiency, in the be-
ginning of IDD control programs when io-
dized salt is not widely available and in areas
where universal salt iodization has failed.
The benefits of iodine supplementation out-
weigh its risks. When compared to the number
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the number of doses given, the side effects
occurring from the use of iodized oil for io-
dine deficiency are too rare to pose any sig-
nificant obstacle to its continued use. Studies

References

1.

10.

Delange F, de Benoist B, Pretell, E, Dunn JT. Io-
dine deficiency in the world: where do we stand at
the turn of the century? Thyroid 2001; 11: 437-47.
Reinhardt W, Luster M, Rudorff KH, Heckmann
C, Petrasch S, Lederbogen S, et al. Effect of small
doses of iodine on thyroid function in patients
with Hashimoto's thyroiditis residing in an area of
mild iodine deficiency. Eur J Endocrinol 1998;
139: 23-8.

Flerro-Benitez R, Ramirez I, Estrella E. et al. Io-
dized oil in the prevention of endemic goiter and
associated defects in the Andean region of Ecua-
dor. In: Stanbury JB, editors. Endemic goiter.
Wahingon DC: PAHO 1996. p. 306-21.

Pretell EA, Moncloa F, Salinas R, Kawano A,
Guerra-Garcia R, Gutierrez L, et al. Prophylaxis
and treatment of endemic goiter in Peru with io-
dized oil. J Clin Endocrinol Metab 1969; 29:
1586-95.

Dunn JT. lodized oil in the treatment and prophy-
laxis of IDD. In: Hezel, BS. Dunn JT, Stanbury
JB, editors. The prevention and control of iodine
deficiency disorders. Amsterdam: Elsevier 1987 p.
127-34.

Martins MC, Lima N, Knobel M, Medeiros-Neto
G. Natural course of iodine-induced thyrotoxicosis
(Jodbasedow) in endemic goiter area: a 5 year fol-
low-up. J Endocrinol Invest 1989; 12: 239-44.
Tonglet R, Bourdoux P, Tshilembi M, Emans AM.
Efficacy of low oral doses of iodized oil in the
control of iodine deficiency in Zaire. N Engl J
Med 1992; 326: 236-41.

Azizi F, Kimiagar M, Ghazi AA, Nafarabadi M.
The effects of iodized oil injection in eu- and hy-
pothyroid iodine deficient girls. J Endocrinol In-
vest 1997; 20: 18-23.

Pretell EA. The optimal program for prophgylaxix
of endemic goiter with iodized oil. In: Stanbury
JB, Kroc R, editors. Human development and the
thyroid gland. New York: Plenum 1972. p. 267-
88.

Benmiloud M, Chaouki ML, Gutekunst R, Tei-
chert HM, Wood WG, Dunn JT. Oral iodized oil
for correcting iodine deficiency: optimal dosing
and outcome indicator selection. J Clin Endocrinol
Metab 1994; 79: 20-4.

. Wolff J. Physiology and pharmacology of iodized

oil in goiter prophylaxis. Medicine (Baltimore).
2001; 80: 20-36.

have shown that the use of iodized oil during
pregnancy is safe for the mother, the fetus
and the neonate.

12.

15.

17.

18.

19.

20.

21.

22.

Contempre B, Duale GL, Gervy C, Alexandre J,
Vanovervelt N, Dumont JE. Hypothyroid patients
showing shortened responsiveness to oral iodized
oil have paradoxically low serum thyroglobulin
and low thyroid reserve. Thyroglobulin/ thyrotro-
pin ratio as a measure of thyroid damage. Eur J
Endocrinol 1996; 134: 342-51.

. Zimmermann MB, Adou P, Torresani T, Zeder C,

Hurrell RF. Persistence of goiter despite oral io-
dine supplementation in goitrous children with
iron deficiency anemia in Cote d'Ivoire. Am J Clin
Nutr 2000; 71: 88-93.

Fierro-Benitez R, Sandoval-Valencia H, Sevilla-
Munoz B, Rodriguez E, Gualotuna E, Fierro-
Carrion G, et al. Influence of nutritional state on
the disposal of orally and intramuscularly admin-
istered iodized oil to iodine repleted older children
and adult women. J Endocrinol Invest 1989; 12:
405-7.

Zimmermann MB, Adou P, Torresani T, Zeder C,
Hurrell RF. Effect of oral iodized oil on thyroid
size and thyroid hormone metabolism in children
with concurrent selenium and iodine deficiency.
Eur J Clin Nutr 2000; 54: 209-13.

. Wyss K, Guiral C, Ndikuyeze A, Malonga G,

Tamer M. Prevalence of iodine deficiency disor-
ders and goitre in Chad. Trop Med Int Health
1996; 1: 723-9.

Furnée CA, West CE, van der Haar F, Hautvast
JG. Effect of intestinal parasite treatment on the
efficacy of oral iodized oil for correcting iodine
deficiency in schoolchildren. Am J Clin Nutr
1997; 66: 1422-7.

Delange F. Administration of iodized oil during
pregnancy: a summary of the published evidence.
Bull World Health Organ. 1996; 74: 101-8.

Clarke KH, McCullagh SF, Winikoff D. The use
of an intramuscular depot of iodized oil as a long-
lasting source of iodine. Med J Aust 1960; 47: 89-
91.

McCullagh SF. The peninsula endemic: the effec-
tiveness of an intramuscular depot of iodized oil in
control of endemic goiter. Med J Aust 1963; 50:
769-77.

Hennessy WB. Goiter prophylaxiux in new guinea
with intramuscuylar injections of iodized oil. Med
J Aust 1964; 51: 505-12.

Buttlfield IH, Hetzel BS. Endemic goiter in
New Guinea and the prophlacic program with
iodinated poppyseed oil. In: Stanbury JB. edi-

International Journal of Endocrinology and Metabolism



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

tors. Endemic goiter. Wahingon DC: PAHO
1996. p. 132-45

Thilly CH, Delange F, Golstein-Golaire J, Ermans
AM. Endemic goiter prevention by iodized oil: a
reassessment. J Clin Endocrinol Metab 1973; 36:
1196-204.

Bautista A, Barker PA, Dunn JT, Sanchez M, Kai-
ser DL. The effects of oral iodized oil on intelli-
gence, thyroid status, and somatic growth in
school-age children from an area of endemic goi-
ter. Am J Clin Nutr 1982; 35: 127-34.
Feirro-Benitez R, Cazar R, Stanbury JB, et al.
Long-term effect of correction of iodine defi-
ciency on psychomotor and intellectual develop-
ment. In: Dunn JT, Pretell EA, Daza CH, Viteri
FE. editors. Towards the eradication of endemic
goiter, cretinism and iodine deficiency. Washing-
ton DC PAHO 1986; 182-200.

Thilly CH, Delange F, Lagasse R, Bourdoux P,
Ramioul L, Berquist H, Ermans AM. Fetal hypo-
thyroidism and maternal thyroid status in severe
endemic goiter. J Clin Endocrinol Metab 1978;
47: 354-60.

Boyages SC, Halpern JP, Maberly GF, Collins J,
Jupp J, Eastman CJ, et al. Supplementary iodine
fails to reverse hypothyroidism in adolescents and
adults with endemic cretinism. J Clin Endocrinol
Metab 1990; 70: 336-41.

Vanderpas JB, Rivera-Vanderpas MT, Bourdoux
P, Luvivila K, Lagasse R, Perlmutter-Cremer N, et
al. Reversibility of severe hypothyroidism with
supplementary iodine in patients with endemic
cretinism. N Engl J Med 1986; 315: 791-5.

Azizi F, Kimiagar M, Ghazi A, Nafarabadi M,
Behjati J, Esfahanian F. Treatment of goitrous hy-
pothyroidism with iodized oil supplementation in
an area of iodine deficiency. Exp Clin Endocrinol
Diabetes 1996; 104: 387-91.

Mirmiran P, Kimiagar M, Azizi F. Three-year sur-
vey of effects of iodized oil injection in school-
children with iodine deficiency disorders. Exp
Clin Endocrinol Diabetes 2002; 110: 393-7.

Hetzel BS. lodine deficiency disorders (IDD) and
their eradication. Lancet 1983; 2: 1126-29.
Pharoah PO, Ellis SM, Ekins RP, Williams ES.
Maternal thyroid function, iodine deficiency and
fetal development. Clin Endocrinol (Oxf) 1976; 5:
159-66.

Thilly GH, Bourdoux P, Vanderpas J, et al. Epi-
demiology and prophiaxis of endemic goiter in
developing countries. In: Hall R. Koberling J. edi-
tors. Thyroid disorders associated with iodine de-
ficiency and excess. New York: Raven Press
1985. p. 45-60.

Thomson CD. Dietry recommendations of iodine
around the world. IDD Nuwsletter. 18, 38-42
Todd CH, Allain T, Gomo AZR, Haster JA, Ndi-
weni M, Oken E. Increase in thyrotoxicosis asso-

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Iodized oil and iodine deficiency disorders 97

ciated with iodine supplements in Zimbabwe.
Lancet 2002; 346: 1563-4.

Azizi F, Daftarian N. Side-effects of iodized oil
administration in patients with simple goiter. J
Endocrinol Invest 2001; 24: 72-7.

Kohn LA. The Midwestern American "epidemic"
of iodine-induced hyperthyroidism in the 1920s.
Bull N Y Acad Med 1976; 52: 770-81.

Connolly RJ, Vidor GI, Stewart JC. Increase in
thyrotoxicosis in endemic goitre area after ioda-
tion of bread. Lancet 1970; 1: 500-2.

Vidor GI, Stewart JC, Wall JR, Wangel A, Hetzel
BS. Pathogenesis of iodine-induced thyrotoxico-
sis: studies in northern Tasmania. J Clin Endocri-
nol Metab 1973; 37: 901-9.

Baltisberger BL, Minder CE, Burgi H. Decrease
of incidence of toxic nodular goitre in a region of
Switzerland after full correction of mild iodine de-
ficiency. Eur J Endocrinol 1995; 132: 546-9.

Todd CH, Allain T, Goma ZATC, Hasler JA,
Ndiweni M, Oken E. Increase in thyrotoxicosis as-
sociated with iodine supplements in Zimbabwe.
Lancet 1995; 346: 1563-6.

Bourdoux PP, Ermans AM, Mukalay wa Mukalay
A, Filetti S, Vigneri R. lodine-induced thyrotoxi-
cosis in Kivu, Zaire. Lancet 1996; 347: 552-3.
Delange F, de Benoist B, Alnwick D. Risks of io-
dine-induced hyperthyroidism after correction of
iodine deficiency by iodized salt. Thyroid 1999; 9:
545-56.

Lazarus JH, Parkes AB, N’Diaye JR, Ptysor-Jones
SG. Endemic goitre in Senegal--thyroid function
etiological factors and treatment with oral iodized
oil. Acta Endocrinol (Copenh) 1992; 126: 149-54.
Pharoah POD, Connolly KJ. A controlled trial of
iodinated oil for the prevention of endemic cretin-
ism: a long-term follow-up. Int J Epidemiol 1987,
16: 68-73.

Phillips DI, Osmond C. lodine supplementation
with oral or intramuscular iodized oil. A two-year
follow-up of a comparative trial. Int J Epidemiol
1989; 18: 907-10.

Ranganathan S, Reddy V. Human requirements of
iodine & safe use of iodised salt. Indian J Med Res
1995; 102: 227-32.

Azizi F, Hedayati M, Rahmani M, Sheikholeslam
R, Allahverdian S, Salarkia N. Reappraisal of the
risk of iodine-induced hyperthyroidism: an epide-
miological population survey. J Endocrinol Invest
2005; 28: 23-9.

Boukis MA, Koutras DA, Souvatzoglou A, Evan-
gelopoulou A, Vrontakis M, Moulopoulos SD.
Thyroid hormone and immunological studies in
endemic goiter. J Clin Endocrinol Metab 1983;
57: 859-62.

Delange F, Lecomte P. lodine supplementation:
benefits outweigh risks. Drug Saf 2000; 22: 89-95.

International Journal of Endocrinology and Metabolism



98

S1.

52.

53.

54.

55.

56.

F. Azizi

Vanderpump MP, Tunbridge WM, French JM, Ap-
pleton D, Bates D, Clark F, et al. The incidence of
thyroid disorders in the community: a twenty-year
follow-up of the Whickham Survey. Clin Endocrinol
(Oxf) 1995; 43: 55-68.

Aghini-Lombardi F, Antonangeli L, Martino E,
Vitti P, Maccherini D, Leoli F, et al. The spectrum
of thyroid disorders in an iodine-deficient com-
munity: the Pescopagano survey. J Clin Endocri-
nol Metab 1999; 84: 561-6.

Laurberg P, Nohr SB, Pedersen KM, Hreidarsson
AB, Andersen S, Bulow Pedersen I, et al. Thyroid
disorders in mild iodine deficiency. Thyroid 2000;
10: 951-63.

Simescu M, Varciu M, Nicolaescu E, Gnat D, Po-
doba J, Mihaescu M, et al. Iodized oil as a com-
plement to iodized salt in schoolchildren in en-
demic goiter in Romania. Horm Res 2002; 58: 78-
82.

Eltom M, Karlsson FA, Kamal AM, Bostrom
H, Dahlberg PA. The effectiveness of oral io-
dized oil in the treatment and prophylaxis of
endemic goiter. J Clin Endocrinol Metab 1985;
61: 1112-7.

Knobel M, Medeiros-Neto G. lodized oil treat-
ment for endemic goiter does not induce the surge
of positive serum concentrations of anti-
thyroglobulin or anti-microsomal autoantibodies. J
Endocrinol Invest 1986; 9: 321-4.

57.

58.

59.

60.

61.

62.

63.

Ingenbleek Y, Jung L, Ferard G, Bordet F, Gon-
calves AM, Dechoux L. Iodised rapeseed oil for
eradication of severe endemic goitre. Lancet 1997,
350: 1542-5.

Croxson MS, Gluckman PD, Ibbertson HK. The
acute thyroidal response to iodixed oil in severe
endemic goiter. J Clin Endocrinol Metab 1976;
42:926-30.

Suzuki H, Higuchi T, Sawa K, Ohtaki S, Horiuchi
Y . " Endemic coast goitre" in Hokkaido, Japan.
Acta Endocrinol (Copenh) 1965; 50: 161-76.

Ma T, Yu ZH, Lu TZ, Wang SY, Dong CF, Hu
XY, et al. High-iodide endemic goiter. Chin Med J
(Engl) 1982; 95: 692-6.

Spitzweg C, Joba W, Eisenmenger W, Heufelder
AE. Analysis of human sodium iodide symporter
gene expression in extrathyroidal tissues and clon-
ing of its complementary deoxyribonucleic acids
from salivary gland, mammary gland, and gastric
mucosa. J Clin Endocrinol Metab 1998; 83: 1746-
51.

Phillips DI, Lusty TD, Osmond C, Church D. Io-
dine supplementation: comparison of oral or in-
tramuscular iodized oil with oral potassium iodide.
A controlled trial in Zaire. Int J Epidemiol 1988;
17: 142-7.

Saadat N, Sheiklholeslam R, Azizi F. Impact of
iodized oil injection during pregnancy on thyroid
function tests of offsprings. Med J Islam Repub
Iran 2004; 17: 277-83.

International Journal of Endocrinology and Metabolism



