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Abstract

lodine is essential for the synthesis of thyroidnhones. lodine deficiency can affect human healttifferent
ways, and is commonly referred to as iodine deficyedisorders (IDD). These range from defective
development of the central nervous system duriaddtal-neonatal life, to goitre in the adult. Oalfew
countries were completely iodine sufficient bef@890. Since then, a major effort has been madettoduce
salt iodization to ensure sufficient intake of ioglin deficient areas. lodine prophylaxis has tsewn to exert
a pivotal role in abating goitre and other iodirediciency disorders, and has also been shown tailatethe
pattern of thyroid diseases. An increased frequefdtlryroid autoimmunity and of hypothyroidism Hzesen
observed after introducing iodization programmesvéitheless, available evidence clearly confirnas the
benefits of correcting iodine deficiency, consigtmainly of reducing nodular goitre and non-autoime

hyperthyroidism, far outweigh the risks of iodingoplementation.
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I ntroduction

lodine is essential for the synthesis of thyroidnhones. lodine deficiency has multiple adverseot$tdodine
intake is insufficient in more than 2 billion peephnd therefore deficiency of iodine intake ishhign the public
health agenda worldwide. The term iodine deficiedisprders (IDD) refers to the effect of iodineidiefincy in
individuals. The clinical consequences of iodinéaikency include goitre, which is the most commdinical
manifestation, and cerebral impairment, rangingnfraild cognitive defects to cretinism. The frequeaad
severity of the clinical manifestations are projmoral to the magnitude of iodine deficiency (1\8jhen severe
iodine deficiency occurs during pregnancy, it iscasated with cretinism and increased neonatairzfadt
mortality. lodine deficiency remains a major globakat to health and development, and is the nmsmon

cause of preventable mental impairment worldwid8)(6

I odine metabolism
Alimentary iodine is absorbed by the gut and isvaty concentrated by the thyroid gland. The boflgmadult
contains about 20 mg of iodine, and the thyroidcemtrates 70-80% of the total iodine content thinating
sodium—iodine symporter (NIS) located on the basodd surface of thyrocytes. A normal adult usesual30
mg/day of iodide to produce thyroid hormones. Njrar cent of the plasma iodine is excreted bykitirey,
and only a small amount in the faeces.

lodine requirement changes with age and in reldtiorarious physiological conditions (7). According
to the World Health Organization/International Coilifor the Control of lodine Deficiency Disorders
(WHO/ICCIDD), the recommended nutrient intake afifee is 90 mcg/day in infants and children undgeérs
of age, 120 mcg/ day in children 6-12 years of agd,150 mcg/day in adults. During pregnancy, the
recommended intake increases to 250 mcg/day. Toemmended intake in lactating women is 250 mcg/tday
compensate for the iodine loss in breast milk.

When iodine intake is slightly insufficient (i.e.100 mcg/day), thyroid stimulating hormone (TSH)
induces a higher NIS expression, with an incredsleyooid iodine uptake and preferential synthedig 3, thus
allowing a normal content of intrathyroidal iodire.chronic iodine deficiency, the thyroid contemtiodine

progressively decreases, the metabolic balanaedafe becomes negative, and goitre ensues (8;10;11)

Patogenesis of goitre and iodine nutrition
Nodular goitre is probably a lifelong condition tistarts in adolescence or at puberty. Minimaluié

enlargement of the thyroid gland is found in maggniage boys and girls, and is almost a physiolegigonse



to the complex structural and hormonal changesroioguat this time. It usually regresses but, oimrzly,
(much more commonly in girls) it persists and ugdess further growth during pregnancy (12;13).

Marine (14) first developed the concept, that thedid first goes through a period of hyperplasia i
response to iodide deficiency as a consequendeatsulting TSH stimulation (15). Eventually, thgroid
enters a resting phase characterized by collordgo This is possibly as a result of iodide repiteor a
decreased requirement for thyroid hormone. Therrenoe of these two phases would eventually résulkte
formation of multinodular goitre (16;17), at lea@sgenetically predisposed individuals (18;19). Otinme,
functional autonomy may occur (20), with suppressidbTSH. Experimental data obtained in rats fethwain
iodine-deficient diet, have clarified the naturabkition of the goitre.

Thyroid follicules are functionally heterogeneoasd cell clones differ for their replicative caggci
and ability to produce thyroid hormones. The cla®lelopment of follicles with high replication @agity will
induce the onset of non-functioning (cold) or hypactioning (hot) nodules, in which the uptake amygloid
hormone synthesis is independent from TSH stimaafl he increase of size and function of hot naglule
induces initially a slight enhancement of thyroa@one production, which is characterized by sethwroid
hormones within normal limits and a suppressed {sMclinical hyperthyroidism). With the further nease of
thyroid hormone production, hyperthyroidism evoléiesn subclinical to clinical, in which an increasievel of
thyroid hormones is associated with a low TSH (Zhe molecular mechanisms involved in the develogroé
thyroid functional autonomy have recently beenipliytidentified. TSH receptor or &protein undergo
somatic point mutation that induce a permanentTe®id-independent activation of the adenylate—

cyclasepathway (22;23).

Natural history and epidemiology of goitre and iodine nutrition

In many countries, iodine deficiency largely cdotities to the high prevalence of diffuse and nodular
goitre (24). People with multinodular goitre usyaleek medical attention because they occasiodasitypver a
lump in the neck. Sometimes, the increase in the i the goitre will cause pressure symptoms, sisch
difficulty in swallowing, cough, respiratory dist® or the feeling of a lump in the throat. Commptiie goitre
is discovered by a physician in the course of aneration for some other condition. Sometimes piuent
seeks medical attention because of cardiac irrétiakor congestive heart failure, which proveséothe result
of slowly developing thyrotoxicosis.

In studies conducted in areas with adequate iddiag&e, a lower prevalence of goitre is usually

reported. In the Whickham survey (25), 15.5% otipgrants had goitres, with a female—-male ratid &1. In



the Framingham study (26), 1% of participants betw@0 and 59 years had multinodular goitres (abitly
palpation). In an iodine-deficient area, the gojtrevalence was 35% among people aged betweendlP4an
years, and about 70% in people aged between 33%gdars (27). The prevalence of thyroid nodules mach
higher when evaluated by ultrasound: up to 50%efgeneral population have thyroid nodules, eveenvthe
thyroid is normal at palpation (28). Consequerdlytopsy studies have shown the presence of singleiliple
nodules in one-half of the population (29).

A few epidemiological studies have evaluated ti@adl evolution of goitre. In the Whickham survey
(25), 20% of women and 5% of men who had goitrahéninitial survey showed no evidence of goitrain
follow-up survey (30). An average growth rate ia thultinodular goitre of 5-20% was reported in mnedi
sufficient areas (31). On the basis of the resmflthe Framingham survey, the estimated lifetins& for
developing a nodule is 5-10% (26). Thyroid nodige san increase, decrease, or remain stable hgrald
nodules may eventually also disappear over timkd 8odules more frequently increase, whereas cysti
nodules can shrink or disappear. If the goitrebdeen present for some time, autonomous functidheof
nodules and eventually hyperthyroidism develop. féte of progression from euthyroidism to subckhand
overt hyperthyroidism is about 10%. In a Dutch gtafi90 people with euthyroid multinodular goitreainly
women with a mean age of 55 years, eight becamerthypoid within 7 years, and all of them had aotoous
function before becoming hyperthyroid (32). In adst conducted at the Mayo Clinic, 60% of peoplehwatulti-
nodular goitre over 60 years had thyrotoxicosig.(38e average duration of the goitre before theebof
thyrotoxicosis was 17 years; the longer the gdittd been present, the greater the tendency fovtthyicosis to
develop. lodine intake has been shown to moduteggattern of thyroid diseases in cross-sectiandies
comparing populations living in areas charactertzgdlifferent iodine intake (24). In iodine-defintecountries,
non-autoimmune hyperthyroidism is more frequenifidpéhe natural evolution of goitre, the developingi
thyroid autonomy, and eventually of thyrotoxico$d the other hand, studies in populations livimngiieas
with varying iodine intakes, in the UK (30), Demkgand Iceland (34), have shown that the frequeric
thyroid autoimmunity and of hypothyroidism is higle iodine replete than in iodine deficient popidas.

In Denmark, the Danish investigation on iodine ketand thyroid disease (DanThyr) programme has
been developed, with the aim of monitoring iodimake and thyroid diseases that could secure obithuime
nutrition of the Danish population (35).The firsthort study of DanThyr programme was started befoiime
fortification, and took place in and around the @f Aalborg in Jutland, and in Copenhagen (36 Tho
geographical regions cover the main differenceuls of iodine intake in Denmark caused by diffietevels

of iodine in ground water (36;37), and goitre wawrenfrequent in areas with lower iodine intakealsurvey



conducted in Pescopagano (27), a southern Italilge with mild-to-moderate iodine deficiency, age-
dependent increased prevalence of goitre, thyrodlitarity, and functional autonomy was observeder®v
hyperthyroidism was twice as high as that repairieddine-sufficient areas, mainly due to an insezh

frequency of toxic nodular goitre.

lodine prophylaxis

Since iodine was removed from the soil during tteecd wide glaciations, the amount of iodine ingiaé water,
vegetable and animal food in many areas of thedasrpoor. The endemic goitre is more common in
mountainous regions, but is also present in plagecaastal regions. It is more commonly seen iraeutban
populations, especially rural populations, wholeeal foods that are low in iodine. In fact, econostatus
rather than geographical location is the main deitgaint of the quality of the food and of the iodgmntent. In
many countries salt, bread, and milk are fortifigth iodine in efforts to eradicate iodine defiaign Other
sources of iodine are compounds used by industhagniculture, supplements, disinfectants, and oieels.
The most effective method to improve iodine nudritis through salt iodization (7). lodization off sdlt for
human and livestock consumption (universal salination or USI) is not, however, commonly achieviedline
is added to kitchen salt at a level of 20—40 mcgksgalt in the form of potassium iodide (KI) ortpssium
iodate (KIO3). The fortification with iodine of baKs salt, drinking water, and irrigation water feen used,
but this method is less practical. When iodizatibwater is not feasible, iodine can be added ltdaiized oil
can be given orally or by intramuscular injecti@d@—400 mg of iodine per year). lodine can be gigen as Ki
(30 mg monthly) or KIO3. In areas where a saltZatibn programme covering at least 90% of househiodd
been sustained for at least 2 years, and the medizary iodine indicates iodine sufficiency, théseno need to
supplement pregnant and lactating women. In otteasa women should be provided with an intake ¢éast
150 mcg/day of iodine for a long period before apton to restore intra-thyroidal stores and tauems better

maternal thyroid.

Worldwide status of iodine deficiency

Only a few countries (Switzerland, some of therf8i@@avian countries, Australia, USA, and Canada)
were completely iodine sufficient before 1990. &itlzen, a major effort has been made has to inteodalt
iodization as a safe, cost-effective, and sustdénstategy to ensure sufficient intake of iodineleficient areas
(38-50). lodized salt programmes are now implenteirtanany countries worldwide, and two-thirds of th

world’s population (71%) is estimated to be covergdodized salt (1).



The worldwide state of iodine nutrition was reviele 2008. The data were based on urinary iodine
surveys carried out between 1997 and 2006 in 4ftdes, and estimates obtained in 2003 in 89 cam(7).
The data covered 92.4% of the world population dggidieen 6 and 12 years, and showed that 31.5% (264
million) of school-age children had insufficientioe intakes (below 100 mg/L). The lowest prevaéeot
iodine deficiency was in the Americas (10.6%), vehever 90% of households consumed iodine-enricakd s
The worldwide state of iodine nutrition was agaésessed in 2011 (51). In this survey, data on ryriicaine
cover 96.1% of the world’s population of school-apddren. Since 2007, new national data were atséél for
58 countries. Between 2003 and 2011, the numbiedafe-deficient countries decreased from 54 toe3@l the
number of countries with adequate iodine intakedgased from 67 to 105. A steady progress was oddbén
Europe, the Eastern Mediterranean, the South-Eastia and the Western Pacific regions, largely ttue
strengthened salt iodization programmes and imglovenitoring (52); however, only a negligible pregs was
observed in Africa. Paradoxically, rich Europeanrdgdes lacking specific iodine prophylaxis progrags
remain mildly iodine deficient (51). The prevaleraféodine deficiency in Europe has reduced by 3#¥tween
2003 and 2010, but 44% of school-age childrentstille insufficient iodine intake. Although the Ukasv
considered iodine sufficient for some time, medianary iodine was 80 mg/L in 14- and 15-year-aiticol
(53). In Italy, iodine deficiency was initially stvm in the mountainous regions of the Alps, but sgoent
epidemiological studies demonstrated its presemedl areas, particularly in southern and insudgions.
Recently, the status of iodine nutrition was assg&s southern Italian regions (54). Urinary iodinas
randomly measured in 26,913 participants, and a&si than 100 mcg/L in 64.3% and lower than 50 mg/L
34.9% of samples. Median urinary iodine in non-urbeeas was significantly lower than in urban a(éay 79

mg/L; P < 0.0001).

lodine prophylaxis and epidemiology of goitre

lodine supplementation affects the epidemiology ewehtually the natural history of goitre. Earlyi¥se
medical writings in around 3600 B.C. were the ftostecord the decreases in goitre size upon iiagesf
seaweed and overcooked sea sponge (55). Althodgteiwas yet to be discovered, these remedies neahai
effective, and their use continued globally, as dasumented in writings by Hippocrates, Galen, Roged
Arnold of Villanova in later centuries (55). Thesdovery of iodine was made incidentally during ¢aely part
of the 19th century (55). Shortly after, J.F. C@ha physician in Switzerland, published his obs#ons that

administration of iodine (as grains in distilled¢@hol) was able to decrease the size of his patigottres (16).



In 1852, Adolphe Chatin, a French chemist, waditheto publish the hypothesis of population iclin
deficiency associated with endemic goitre (56) sMaas confirmed by Eugen Baumann, who, in 1896rted
the discovery of iodine within the thyroid gland’§5In the 1830s, the French nutritional chemisgnlBaptiste
Boussingault, observed that the prevalence of@eitis increased in areas where naturally occuiottiged
salt was infrequently consumed, and recommendedigitrébution of naturally iodized salt for public
consumption. lodine supplementation, however, prilsnghrough the fortification of table salt, didhbegin
until the early 1920s, and occurred initially inigerland and the USA.

Between 1916 and 1920, the first large-scale tvigtls iodine were carried out in Akron by Marinedan
Kimball (58). In that investigation, about 5000lgibetween the ages of 11 and 18 years took patinkl et al.
(59) published a series of papers reporting a fitgmitly decreased frequency of goitre in childberated with
iodine (0.2%), compared with children who did neteive iodine supplementation (> 25%).

In Switzerland’s an iodized salt programme has logmrating uninterrupted since 1922. Before its
introduction, Switzerland was severely iodine defit. In 1919, Klinger, noting the success of ti# diudies,
recommended prophylaxis with iodine tablets at Swizhools and iodized salt for the general pomrafihe
first canton in which iodized salt was introduceasvAppenzell AR, in 1922, thanks to the effortshaf surgeon
Eggenberger (57). He pushed the local governmeaitdws the sale of salt, iodized at 7.5 mg/kg, with
spectacular results: goitre in newborns disappea@dew cretins were born, and goitres in childxene
reduced in size or disappeared (57).

In the USA, iodized salt first became availablegoocery shelves in Michigan in 1924, encouraged
largely by the series of reports by Cowie, Marized others in the preceding years (59). Befordistpthe
iodine prophylaxis programme, surveys on goitredhoolchildren and on the iodine content of drigkivater
were conducted for the first time in four represgime counties of this State. The prevalence dirgaeias
38.6% among the 65,537 schoolchildren studied.c®altaining potassium iodide (1 part in 5000) was
introduced, and by 1929 was reduced to 9% (59)siBand Altland in 1952 conducted follow-up survef/s
53,785 participants in the same counties, and faugditre prevalence of only 1.4%.

In a recent survey conducted in Pescopagano (60)alkéan village with a previous moderate iodine
deficiency, the introduction of an iodine prophytagrogramme on a voluntary basis resulted in aifsdgnt
reduction of the prevalence of goitre (Fig. 1), nhadue to the reduction of diffuse goitres in 2@Hdnpared
with the previous survey in 1995 (10.3284.0%). The overall prevalence of nodular goiteswot
significantly different in the two surveys. Whereagas taken into account, however, its frequency wa

significantly lower in 2010 than in 1995 in peopliged between 26 and 35 years (3\8%..3%); however, no



difference was observed in people aged over 35y&ae absence of a significant difference in tegdency of
nodular goitre in people older than 35 years maldmause, in most people this age, the process of

morphological changes and goitre development stdmédore the increase in iodine intake (60).

Monitoring iodine prophylaxis

The methods for assessing iodine nutrition in pafohs are as follows: determination of goitre jatewnce,
urinary iodine concentration, serum TSH level iwherns, and serum thyroglobulin level (Tg) (61).

Goitre size can be measured by neck inspectiompalmtion or by thyroid ultrasonography. Thyroittasound
is more sensitive and specific than palpation,rbqtires valid reference intervals for thyroid vk (62;63).
Goitre surveys as indicators of iodine sufficieacg usually carried out in school-age childreralse
participants are easy to recruit, and reflect tttaa effect of iodine deficiency in humans. The @H
established a total goitre rate in school childeedefine the severity of iodine deficiency. Ratetow 5.0%
indicate iodine sufficiency; 5.0—-19.9%, mild dediocy 20.0—-29.9%, moderate deficiency, and abov@ya0.
severe deficiency (7).

Because more than 90% of dietary iodine is excrigtélde urine, measurement of urinary iodine
concentration is a reliable index of recent diefadine intake (64)Its determination in a population is directly
correlated with the frequency of goitre and thedisrs of iodine deficiency. A UIC level of lessith100 mg/L
in school-aged children indicates insufficient imelintake; iodine deficiency is severe at less @@amg/L,
moderate at 20—49 mg/L, and mild at UIC 50-99 mg#h.adequate UIC value is 100-199 mg/L, and a value
greater than 200 mg/L can induce thyrotoxicosis @thér adverse effects in susceptible groups (65).

Thyroid-stimulating hormone concentrations obtaidadng screening to detect congenital
hypothyroidism in newborns is useful to assessidiutrition, because an increase of TSH is a nmsima
though which the fetus adapts to iodine deficiemegteed, iodine deficiency causes a shift towaghéi TSH
values in the neonatal screening of congenital tiypoidism. A TSH value greater than 5 mU/L in whdlood
collected 3—4 days after birth and lasting forwa feeeks in more than 3% of newborns indicates &din
deficiency in a population.

Thyroglobulin (Tg) is the most abundant intrathgiadiprotein. Serum Tg is higher in iodine-deficient
than in iodine-sufficient areas as a consequend&sf stimulation. The higher rate of goitre andsfauickly
with iodine prophylaxis (66).

In the 1990s, iodized salt programmes were intredun many countries. It was increasingly reported

that, in areas previously endemic for goitre, tiysize decreased as iodine intake increased; henwdwroid



size did not return to normal for months or yedtasracorrection of iodine deficiency. Prevalencegoitre also
remained elevated (> 5%), particularly among otdeidren and adults (67). This problem was hadaalyebeen
recognized in the early 1800s by Coindet in Genewen, noted that goitres often did not completebagpear
even after long-term treatment with oral iodine)(@®ecause of this long time lag in the resolutidgoitre, the
frequency of goitre is difficult to interpret foegeral years after iodized salt introduction, beeatreflects both
a population’s history of iodine nutrition as wa# its present status. A study conducted amorgpschildren
in an area of Eastern Tuscany (68) showed thabthired salt prophylaxis was able to prevent theetiment
of goitre in children born after the implementatwfriodized salt consumption and further contrblieyroid
enlargement in older children; however, it was fibtm be less effective in reducing goitre sizehildren
exposed to iodine deficiency in the first yeardifef

Following recommendations from WHO in 1993 (61),stnoational monitoring programmes were
measuring both the prevalence of goitre and theauyiiodine concentration. In contrast, to the stesponse of
the goitre frequency, however, urinary iodine conicaion rapidly increased into the normal rangerahe
introduction of adequately iodized salt becausg teflected recent iodine intake. This resultedhany
programmes reporting a discrepancy between theede@f residual iodine deficiency in the populatias
indicated by the urinary iodine concentration coregawith the prevalence of goitre (69). This implthat the
time lag to normalization of thyroid size after th&roduction of iodized salt in an area of chroioidine
deficiency could be a decade or more. To emphaisezémitation of the measurement of the frequeoicgoitre
in judging the short-term efficacy of salt iodizatiprogram, in 2000, WHO recommended that the media
urinary iodine concentration be used as the primaticator of the effect of iodized salt. Assesst@frgoitre
by palpation and hopefully by ultrasonography, hesveis still a useful tool in areas in which ioglizsalt has

not yet been introduced or when there are condbatsodine deficiency may be re-emerging (53;70).

lodine prophylaxisand the spectrum of thyroid diseases

After the introduction of iodine prophylaxis, inased incidences of hyperthyroidism were observedrasult
of the development of iodine-induced thyrotoxicaesigeople with pre-existing autonomous multinodugjaitre
(71). In the USA, after the beginning of iodine glgmentation in 1924, Hartsock in 1926 describedwthreak
of thyrotoxicosis in adults who took iodized salirig in the Great Lakes region (72). This conditie transient
and correlated to the level of iodine deficiency #ime amount of iodine administered. In 1980 init&wland,

the iodine content in salt was increased from @.55% mg/kg, doubling iodine intake; incidence@fit nodular
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goitre increased by 12% in the first 2 years afterincrease, but then declined to a level of @336 of the
initial incidence (73;74).

In Denmark, starting from June 1998, a programmeobfntary use of iodized salt was launched by the
Danish Food and Veterinary Administration in cogtiem with salt manufactures and the food indusfier 2
years, it turned out that the programme had fadled| therefore, a mandatory programme was intratidoeing
the period July 2000—April 2001(75). The DanTyrgnam has documented the pattern of thyroid disetise
careful introduction of iodized salt (76). The aaleincidence rate of hyperthyroidism increasedséhiae,
102.8/100,000/ year; after salt iodization 138.0/000/year). Hyperthyroidism increased in both sea&d in
all age groups, many of the new cases were obs@mwarling people, and were presumably autoimmune in
origin. The investigators suggested that furthenitaoing is expected to show a decrease in the eummb
elderly people suffering from nodular hyperthyrsiti These data emphasize the importance of regular
monitoring of iodine status to detect low and egoasintakes of iodine. In the survey conducted in
Pescopagano (60), after the introduction of a iegirophylaxis programme on a voluntary basis, tiyro
autonomy was not observed in younger people (Ficartd was associated with a significant reduatibtine
frequency of hyperthyroidism caused by toxic nodglaitre in older age. The investigators did noetve an
increased frequency of hyperthyroidism after thgitn@ng of iodine prophylaxis as reported in otbtrdies
(77;78), conceivably because of the lower levabdine supplementation in this population. Takeyetber,
these data indicate that iodine prophylaxis is eiased with a reduced frequency of thyroid autonamy
younger people, and of toxic nodular goitre in oldeople. This phenomenon may have a relevantteifethe
health of this population, as thyrotoxicosis isc&sgted with increased morbidity, cardiovasculariidity in
particular, which leads to increased mortality,ezsally in elderly people (79-81).

A potential side-effect of iodine supplementatisittie worsening or the induction of autoimmune
thyroiditis (82;83). Cross-sectional studies of plagions with different iodine intakes in the UKO§3in
Denmark, and in Iceland (34) have shown that teguency of thyroid autoantibodies and hypothyraoidis
higher in iodine replete than in iodine deficienpplations. Boukis et al. (84) showed that, in peayth goitre
from a mildly iodine-deficient area in Greece teshwith iodized oil, thyroid autoantibodies, undtadle
before treatment, became positive in 42.8% of tapfe 3 and 6 months later. Recently, Pedersernf¢88 an
increased prevalence of thyroid autoantibodies #fiebeginning of a cautious iodization programme,
supporting the view that even a small increasedihie supplementation may be associated with aeased
thyroid autoimmunity. An increased frequency of diyyyroidism has also been reported after the chrefu

introduction of iodized salt in Denmark (24;85).ThanTyr program (86) has documentednodest increase

11



of the incidence rate of hypothyroidism in the 7 years after the introduction of the national program of
salt iodization (baseline, 38.3/100,000/year; after salt iodization, 47.2/100,000/ year, v baseline, relative
risk, 1.23; 95% CI, 1.07 to 1.42). A geographic difference was observed because hypothyroidism increased
only in the area with previous moderate iodine deficiency. The increase occurred in young and middle-
aged adults (87). Similar findings were reported in the Pesgame survey, in which an increased frequency of
thyroid autoantibodies, and of Hashimoto’s thyrtidivere observed after the beginning of iodineppgdaxis
(88). That study showed that iodine intake modulates the pattern of thyroid diseases, even with slight
differences, and below the dose of 150 mcgdaily recommended for preventing IDD. Therefore, any level of
change in iodine intake modifies the expression of thyroid diseases. Thyroglobulin (Tg) is an important
target in iodine-induced autoimmune response, iodine being an essential component of Tg. As far as the
induction of thyroid autoimmunity is concerned, the effect of iodine supplementation is correlated with

the intrinsic characteristics of Tg, namely its modifications induced by post-translational iodination.

Summary

lodine is essential for the synthesis of thyroidrhones, and iodine deficiency has several consegsdior
human health, referred to as iodine deficiencyrdies. These range from defective developmentetémtral
nervous system during the fetal-neonatal life,ditrg in the adult. lodine prophylaxis through iogil salt has
been shown to exert a pivotal role in abating iedieficiency disorders. lodine intake strongly eiffehe
pattern of thyroid diseases reducing the prevalefggitre, thyroid autonomy and non-autoimmune
hyperthyroidism, but increasing the frequencyhgfoid autoimmunity and mild hypothyroidism. Itilmportant
to underline, however, that iodine-induced adveffects can be almost entirely avoided by adeqaiadie
sustained quality control and monitoring of iodsw@plementation. Available evidence clearly conéittmat the

benefits of correcting iodine deficiency far outgleithe risks of iodine supplementation (89;90).
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Practice Points

lodine is essential for the synthesis of thyroidnhones

lodine deficiency has multiple adverse effectsluding goitre, which is the most common clinical
manifestation, and cerebral impairment, rangingifraild cognitive defects to cretinism.

lodine prophylaxis, through iodized salt, has bgleown to exert a pivotal role in abating the fregnye
of iodine deficiency disorders.

lodine intake strongly affects the pattern of thgrdiseases by reducing the prevalence of goitre,
thyroid autonomy, and non-autoimmune hyperthyramibut also increases the frequency of thyroid
autoimmunity and mild hypothyroidism.

Available evidence favours the interpretation thatbenefits of correcting iodine deficiency far

outweigh the risks of iodine supplementation.

Resear ch agenda

Both low and excessive intakes of iodine affectftbguency of thyroid disorders. Large prospective
epidemiological studies would better define tharopt iodine intake. These data emphasize the
importance of regular monitoring of iodine statéterathe introduction of iodine prophylaxis.
Thyroglobulin (Tg) is an important target in thelioe-induced autoimmune response, iodine being an
essential component of Tg. The effect of iodineaselated with the intrinsiccharacteristics of Tg,
namely its modifications induced by post-transiagildodination. The understanding of these changes

may shed light on iodine-induced thyroid autoimntyni
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L egend of figures

Figure 1. Frequency of goiter in subjects resident in Pgagano in 1995 (white columns) and in 2010 (grey
columns). The prevalence of goiter progressivetyaased with age both in 1995 and 2010 and in €asb of
age was significantly lower in 2010 compared to5],38ith the exception of subjects older than 75yea=p

<0.001

Figure 2. Frequency of functional thyroid autonomy in subgaesident in Pescopagano in 1995 (white
columns) and in 2010 (grey columns). The frequesfdynctional thyroid autonomy was not significantl
different between 2010 and 1995 in each class ®dag to the small number of subjects, but wasfgigntly
lower in 2010 than in 1995 in subjects younger tharyears grouped together (Fischer test p = 0,0@4)e no

significant difference was observed in subjecteottian 45 years (not shown in figure).
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Legend of figures
Figure 1. Frequency of goiter in subjects resident in Pescopagano in 1995 (white columns) and in 2010 (grey columns).
The prevalence of goiter progressively increased with age both in 1995 and 2010 and in each class of age was

significantly lower in 2010 compared to 1995, with the exception of subjects older than 75 years. * = p < 0.001

Figure 2. Frequency of functional thyroid autonomy in subjects resident in Pescopagano in 1995 (white columns) and
in 2010 (grey columns). The frequency of functional thyroid autonomy was not significantly different between 2010
and 1995 in each class of age due to the small humber of subjects, but was significantly lower in 2010 than in 1995 in
subjects younger than 45 years grouped together (Fischer test p = 0.004), while no significant difference was observed

in subjects older than 45 years (not shown in figure).
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