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Cilj naSe raziskave je bil oceniti uspesSnost pajgabveznega jodiranja soli leta 1999 (z 10
na 25 mg Kl/kg soli) in ugotoviti trenutno stanjeepkrbljenosti slovenskih adolescentov z
jodom. Ugotoviti smo Zeleli tudi ali nizanje vnosali v slovenski populaciji, ki poteka od leta
2007, lahko vpliva na preskrbljenost slovenskih lesicentov z jodom. Raziskava je bila
narejena med leti 2003 do 2005, na reprezentatiwmrcu adolescentov ob vstopu v srednjo
Solo, iz vseh slovenskih regij in je zajela 2813ladcentov iz vseh socialno-ekonomskih
skupin. Pri adolescentih smo ugotavljali razSirgngolSavosti z otipom vratu in merjenjem
velikosti Eitnice z ultrazvokom. Poleg tega smo merili koncacijo joda v urinu. S pontp
vpraSalnika o pogostosti uzivanja Zivil (angl. fodtequency questionnaire: FFQ) in
tridnevnega tehtanega prehranskega protokola (avgjghted three day dietary protocols:
3DP) smo dodatno ugotavljali kak3en je vnos jodsoinz Zivili in kateri so glavni viri joda in
soli v prehrani slovenskih adolescentov. Rewm $itnica je bila z otipom vratu in
ultrazvokom doléena pri 0,9 % adolescentov. V podskupini nakljuizbranih adolescentov je
bila z ultrazvokom powamna 8itnica ugotovljena pri 4,6 % adolescentov. Mediana
koncentracije joda v urinu je znaSala 140 pg/l, ianea vnosa joda in povgfen vnos joda
ocenjena iz FFQ sta znaSala 155,8 pg/dan in 188/8ap. Glavni viri joda v prehrani
slovenskih adolescentov so jodirana jedilna sol 89 pijate (22 %) ter mleko in mémi
izdelki (19 %). Skupen vnos soli je znaSal 10,4ag/ckar je 108 % nad pripafno zgornjo
mejo 5 g/dan. Glavni viri soli v prehrani adolestoenso bili jedilna sol (33 %), kruh (24 %),
slani prigrizki (10 %), mesni izdelki (8 %), ribjzdelki (6 %) in mleko (4 %). Zakljtimo
lahko, da so slovenski adolescenti zadostno priskitz jodom (pogostost golSavosti < 5 %,
mediana koncentracije joda v urinu > 100 pg/l, vijoda > 150 pg/dan), ter da se je
preskrbljenost z jodom v zadnjih dveh desetletjgieno izboljSala (leta 1991 je bitmgostost
golSavosti 12 % in vsebnost joda v urinu 60 pg jgdaeatinina) To dokazuje, da je bila uvedba
poviSanega obveznega jodiranja soli leta 1999 kaxis uspesSna. Nizanje dnevnega vnosa soli
pri adolescentih lahko povafionezadostno preskrbljenost z jodom, saj se glairhijoda in
soli v njihovi prehrani prepletajo. Pri oblikovanpadaljnje strategije niZzanja vnosa soli v
populaciji bi bilo potrebno razmisliti o obvezneadjranju kakSnega drugega osnovnega Zivila,
obvezni uporabi jodirane soli v prehrambni indyisati poviSanju obveznega jodiranja soli.
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The objective of our study was to evaluate whethereased obligatory salt iodization in
1999 (from 10 to 25 mg KI/kg salt) was successfu & assess the current iodine status
of Slovenian adolescents. We also aimed to invagigshether reduction of salt intake in
Slovenian population, which is ongoing from 2000uld influence iodine supply of
Slovenian adolescents. The study included repraseatsample of 2813 adolescents,
entering high school, from all Slovenian regionsl atl socio-economic groups. Goitre
prevalence was determined with neck palpation daytoid volume was measured by
ultrasound. Beside that urinary iodine concentretiwere measured. lodine and salt intake
and main food sources of iodine and salt in daiyrition were determined, using food
frequency questionnaire (FFQ) and weighted thrgedietary protocols (3DP). Enlarged
thyroid was determined by clinical examination atdasound in 0,9 % of adolescents. In
a subgroup of randomly selected adolescents emldhyeoid by ultrasound was found in
4,6 % of adolescents. Median urinary iodine conegion was 140 pg/l, median and
average iodine intakes estimated from FFQ, were8lf§/day and 185,6 pg/day. Main
food sources of iodine were table salt (39 %), bmyes (22 %) and milk and milk
products (19 %). Total salt intake was 10,4 g/dealyich is 108 % above the population
nutrient intake goal of 5 g/day. Main food souroésalt were table salt (33 %), bread (24
%), salty snack products (10 %), meat products 8fi&h products (6 %), and milk (4 %).
We can conclude that iodine supply in Slovenian lesbents is adequate (goitre
prevalence < 5 %, median urinary iodine concermnati 100 pg/day, iodine intake > 150
png/day) and that their iodine status was drasyidatbroved during the last two decades
(in year 1991goitre prevalence wa$2 % and urinary iodine concentration was 60 pg/g
creatinine) This indicates that increased obligatory saltization was successful.
Lowering salt intake in Slovenian adolescents coaklilt in inadequate iodine supply, as
the main food sources of salt and iodine do inteamge When further strategies for salt
reduction in Slovenia are being prepared obligatmgization of other commonly
consumed food source, obligatory use of iodisetlinathe food industry or increase of
obligatory salt iodization should be considered.
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Slika 1: Prispevek posameznih Zivil in skupin Zivil k poviimtemu dnevnemu vnosu
joda in soli pri slovenskih adolescentih (n=248&jcunano na osnovi FFQ
(Stimec in sod., 2009) 34
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1 UvOD

Jod je esencialen mikroelement. Zadostna preskidjez jodom je kljinega pomena za
zdravje ljudi, saj sta tako prenizek kakor tudiyisek vnos joda povezana z r&nimi
boleznimi €itnice (Laurberg in sod., 1998; Lee in sod., 199eve joda v prehrani
lahko povzrdi hipertirozo in neugodne posledice za zdravje, pajkanje joda v otroStvu
in adolescenci pa ima za posledico golSavost, ingamt, hipertirozo, moteno mentalno
delovanje, zaostajanje v fériem razvoju in pow&ano oliutljivost &itnice na
radioaktivno sevanje (de Benoist in sod., 200dom&njkanje joda v prehrani ostaja velik
problem v mnogih predelih sveta. Po zadnjih podaikna 31,5 % Solarjev na svetu
prenizek vnos joda (de Benoist in sod., 2008). Yolvje delez Solarjev z nezadostnim

e

Pred letom 1950 je bila razSirjenost golSe medrgolaSloveniji ocenjena na 58 %.
SploSno jodiranje soli je pripotena in najpogosteje uporablijena strategija za
prepré&evanje pomanjkanja joda v populaciji (WHO ..., 1996HO ..., 2007) in je bila
uporabljena tudi v Sloveniji. Po uvedbi prvega amega jodiranja jedilne soli (10 mg
Kli/kg soli) leta 1953, se je golSavost med Soldgileta 1959 znizala na 22,4 % (Kisi
1989) in do leta 1991 na 12 % (Porenta in sod.3)198a tem je leta 1999 sledilo
poviSanje obveznega jodiranja jedilne soli na 25Kigg soli (ali 32 mg KIQ/kg soli),
kar pomeni 19 mg joda na kg soli. Pravilnikaju, gotici, jedilni soli, pecilnem prasku,
prasku za puding in vanilijevem sladkorju iz 1e@92 ni opredeljeval jodiranja soli za
uporabo v prehrambni industriji. Leta 2003 jeiedaveljati Pravilnik o kakovosti soli
(2003) in v skladu s tem pravilnikom, morata bainkena in evaporirana sol, ki se trzita v
Republiki Sloveniji in se uporabljata za prehramadil in proizvodnjo Zivil obvezno
jodirani in hkrati mora biti jodirana vsa jedilnalgevaporirana, morska ali kamena sol).
Pravilnik o dopolnitvah pravilnikov s podija kakovosti kmetijskih pridelkov oziroma
Zivil (2004), dopolnjuje Pravilnik o kakovosti sq2003) in opredeljuje tudi kakovost
uvozene soli. V skladu z dopolnilom, se ditide Pravilnika o kakovosti soli (2003), ne
uporabljajo za sol, ki je jodirana v skladu s pisdmrzave proizvajalkeCe drzava
proizvajalka ne predpisuje jodiranja soli, mora &, proizvedena v tej drZzavi, jodirana v
skladu z dolébami Pravilnika o kakovosti soli (2003). V Sloveng tako jodirana vsa
kamena in evaporirana sol in hkrati je jodirana yedilna sol (morska, kamena ali
evaporirana).

1.1 NAMEN RAZISKAVE

ICCIDD (angl. International Council for the Controf lodine Deficiency Disorders)
Slovenijo Se zmeraj uwta med drZzave z nezadostno oskrbo z jodom (Vitsiod., 2003).
Zadnji podatki o pogostosti golSavosti med slovenskdolescenti so bili iz leta 1991, pri
c¢emer je raziskava zajemala le otroke iz LjubljaPegostost golSavosti je bila ocenjena
na 12 %, hkrati pa je bilo ugotovljeno nizko &@mje joda v urinu (60,3 pg joda/g
kreatinina) (Porenta in sod., 1993). KakSen vpdivimelo poviSanje obveznega jodiranja
soli (z 10 na 25 mg Kl/kg soli leta 1999) na prédlenost z jodom pri slovenskih
adolescentih, do sedaj ni bilo raziskano. Da bikdalocenili uspeSnost pos@nega
jodiranja soli, ter da bi ugotovili trenutno stamjeeskrbljenosti slovenskih adolescentov z
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jodom smo v nasi raziskavi ugotavljali razSirjengsiSavosti z otipom vratu in merjenjem
velikosti itnice z ultrazvokom. Poleg tega smo pri slovenskilolescentih merili tudi
koncentracijo joda v urinu (Kotnik in sod., 2006Raziskava je bila narejena na
reprezentativnem vzorcu adolescentov ob vstopwedango Solo, iz vseh slovenskih regij.
Raziskava je potekala med letoma 2003 in 2005 wmnednih zdravstvenih domovih in je
zajela 2813 adolescentov (priblizno 10 % vseh iStiarih adolescentov v Sloveniji) iz
vseh socialno-ekonomskih skupin (Kotnik in sod.Q@0Stimec in sod., 2007; Stimec in
sod., 2009).

Preskrbljenost z jodom v populaciji je odvisna @bgyafskih, kmetijskih, ekonomskih in
kulturnih dejavnikov. Slovenija je majhna (20.27#% vendar geografsko zelo raznolika
drzava z Alpami na severu, panonsko niZzino na vah&dasom na jugu in primorjem na
zahodu. S tega vidika bi v Sloveniji lahko obstajpbdr@ja, kjer je populacija slabse
preskrbliena z jodom. To smo preverjali z ugotaygan pogostosti golSavosti in
merjenjem mediane koncentracije joda v urinu prolescentih v posameznih regijah
(Kotnik in sod., 2006).

Dosedanje Studije o preskrbljenosti z jodom v Shgveso temeljile izkljiEno na
ugotavljanju pogostosti golSavosti in merjenju kemicacije joda v urinu (Kuéi, 1989;
Porenta in sod., 1993; Hojker in sod., 1994; Hojkersod., 2002). Za dolgotno
zagotavljanje zadostne preskrbljenosti z jodom puteciji je zelo pomembno poznati
glavne vire joda v prehrani, saj se s sledenjemdtsen zdrave prehrane spreminjajo tudi
prehranske navade populacije. Informacija o viobg v prehrani je zelo uporabna pri
predpostavljanju ¢inkov prehranskih politik na prehranski status (halann in sod.,
2005). V okviru naSe raziskave smo s pdojoovprasSalnika o pogostosti uzivanja Zivil
(angl. food frequency questionnaire: FFQ) in tridmega tehtanega prehranskega
protokola (angl. weighted three day dietary proleic8DP) dodatno ugotavljali kakSen je
vnos joda z Zivili in kateri so glavni viri jodaprehrani slovenskih adolescentov (Stimec
in sod., 2007). Dobljene rezultate smo primerjatirgporaieno referetno vrednostjo za
vnos joda (Refergme vrednosti ..., 2004) ter s pripdilom Svetovne Zdravstvene
Organizacije (angl. World Health Organization: WHt®) Organizacije za prehrano in
kmetijstvo (angl. Food and Agricultural OrganizatioFAO) (WHO in FAO, 2004).
Raziskali smo tudi kakSen je delez adolescentogzadostnim, prenizkim in previsokim
vnosom joda (Stimec in sod., 2007).

Jodirana jedilna sol je koncentriran in glavni pda v vsakodnevni prehrani. V okviru
programa CINDI (angl. Countrywide Integrated Nonooumicable Diseases Intervention)
je bila leta 2007 izvedena raziskava vnosa soloveniski populaciji. Na osnovi merjenja
koncentracije natrija v 24 urnem vzorcu urina j@ bigotovljeno, da odrasli (25 do 65 let)
v povpreju zauzijejo 12,6 g soli na dan (Hlastan Ribi sod., 2008), kar je 150 % nad
priporateno zgornjo mejo (WHO, 2003). KasnejSa objava (tdlasibt in sod., 2010)
navaja povpr&n vnos soli pri odraslih (25 do 65 let) 11,3 g/dear je Se zmeraj ¥ekot
dvakrat nad pripof&eno zgornjo mejo. Previsok vnos soli v prehranip@vezan s
poviSanim krvnim tlakom. Me Studij je potrdilo tudi povezavo med vnosom sali i
boleznimi srca in ozilja, kakor tudi Zel&rdm rakom, osteoporozo, katarakti, le&himi
kamni in diabetesom (WHO, 2006). Pogostost kioihi bolezni v svetu hitro narég. V
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letu 2005 je 35 milijonov ljudi umrlo zaradi kr@nih bolezni, kar predstavlja 60 % vseh
umrlih v tem letu. Od vseh umrlih zaradi krémih bolezni, jih je 30 % umrlo zaradi
bolezni srca in ozilja. Bolezni srca in oZilja ps&avljajo vzrok okoli 40 % celotne
umrljivosti slovenskega prebivalstva (Resolucijanacionalnem programu prehranske
politike 2005-2010, 2005). Zato je zelo pomembre,oth hkrathem manjSanju ostalih
dejavnikov tveganja za nastanek bolezni srca iljapznizamo tudi vnos soli v slovenski
populaciji. WHO opozarja, da je le malo podatkovnosu soli pri otrocih in adolescentih.
Poleg tega ima le nekaj drzav pripéito za vnos soli v teh starostnih skupinah. Pri
oblikovanju nacionalnih programov ne smemo pozatatipripor@ila za vnos soli v teh
starostnih skupinah. Leta 2007 se je v Slovenifkladu z Resolucijo o nacionalnem
programu prehranske politike 2005-2010 (200%ek@rogram niZzanja vnosa soli. Po
priporctilih WHO in FAO je cilj zmanjSati vnos soli v pomdiji na 5 g/dan (WHO,
2003), kar velja tudi za adolescente. Nizanje vrsmdav populaciji je dolgotrajen proces
in vkljuc¢uje vse partnerje v prehranjevalni verigi, zdragsty delavce in populacijo.
Nenadzorovano niZzanje vnosa soli lahko privede eltadostne oskrbe z jodom. V okviru
naSe raziskave smo raziskali koliko soli adolescanizZijejo, dolgili smo glavne vire soli
ter joda v prehrani in ugotavljali kako je vhosigmvezan z vnosom joda pri slovenskih
adolescentih (Stimec in sod., 2009). Ugotovitve enasudije bodo pomembne za
oblikovanje nadaljnje strategije za niZzanje vnadawspopulaciji slovenskih adolescentov.

1.2 HIPOTEZE
Hipoteze, ki smo jih postavili so bile naslednje:
- Slovenski adolescenti so zadostno preskrbljgodam na raun previsokega vnosa soli.

- Po zviSanju obveznega jodiranja soli z 10 na 2pKiikg leta 1999 se je preskrbljenost
slovenskih adolescentov z jodom izboljSala v primarz letom 1991.

- Glavni vir joda v prehrani slovenskih adolescentjodirana jedilna sol, pomembni viri
so Se mleko in mii izdelki, pijate in ribe.

- NiZzanje vnosa soli v populaciji lahko ogrozi zatén vnos joda pri slovenskih
adolescentih.
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2 ZNANSTVENA DELA

2.1 RAZSIRJENOST GOLSE IN KONCENTRACIJA JODA V URINPRI
SLOVENSKIH ADOLESCENTIH

Primoz KOTNIK, Andreja SIRCACAMPA, Mirjana ZUPANCIC, Matevz STIMEC,
Katarina SMOLE, Nata3a FIDLER MIS, Tadej BATTELIN®Ciril KRZISNIK

Goitre prevalence and urinary iodine concentraitioBlovenian adolescents.

Thyroid, 2006, 16(8):769-773.

Slovenski adolescenti so s strani WHO Se zmerajedsgdeni kot pomanijkljivo
preskrbljeni z jodom. Leta 1999 se je obvezno pogi soli poviSalo za 2,5 krat z 10 na
25 mg KI/kg soli. Osnovni hamen raziskave je bibtayiti ali je bil ta ukrep uspeSen. Po
zadnjih podatkih iz leta 1991 je bila ocenjena migst golSavosti med slovenskimi
adolescenti 12 % in vsebnost joda v urinu 60 p@/gdreatinina, kar je precej pod mejo
100 pg joda/g kreatinina. Raziskali smo tudi alShveniji obstajajo obmga kjer so
adolescenti pomanijkljivo preskrbljeni z jodom. Rgegost golSavosti je najpomembnejSi
kazalnik pri oceni motenj zaradi pomanjkanja jodgd kazalnik oskrbe z jodom skozi
daljSecasovno obdobjeCe je povéana $itnica na doléenem obmeju najdena pri vé
kot 5 % Soloobveznih otrok, je to obuj@ opredeljeno kot endetimo za golSo.
Koncentracija joda v urinu je osnovni kazalnik fprbdenosti z jodom v populaciji in je
hkrati najpomembnejSi parameter za merjenje uspiSjomine preventive v populaciji.
Mediana koncentracije joda v urinu pri populacigamy kot 100 pg/l, kaze na nezadostno
oskrbo z jodomCe ima ve kot 20 % populacije na nekem pogwokoncentracijo joda v
urinu manj kot 50 pg/l, je to podije prav tako opredeljeno kot endeémb. Velikost
&itnice je bila z otipom vratu raziskana pri vseloladcentih vkljgenih v raziskavo
(n=2464). Adolescentom s sumom ha p@® €itnico, ugotovljeno z otipom vratu, je
bila velikost €itnice dodatno izmerjena z ultrazvokom. Velikogitriice je bila z
ultrazvokom izmerjena tudi v podskupini nakiw izbranih adolescentov vktjenih v
raziskavo (n=108). Koncentracija joda v urinu jéabdlolatena na osnovi enkratnega
vzorca urina pri vseh adolescentih. Na osnovi tamw otipa vratu, je imelo sum na
golSavost 60 od 2464 adolescentov (2,4 % vsehaddiin v raziskavo). Med njimi je bila
poveana gitnica potrjena z ultrazvokom pri 24 adolescent®(% vseh vkljgenih v
raziskavo). Med 108 nakimo izbranimi adolescenti je bila paama S$itnica z
ultrazvokom izmerjena pri 5 adolescentih (4,6 %gdidna koncentracije joda v urinu pri
vseh adolescentih je znaSala 140 ug/l, najniZiglgena Dolenjskem 100 pg/l in najvisSja v
Prekmurju 190 pg/l. Pri 24 adolescentih s potrjgmavetano $itnico je mediana
koncentracije joda v urinu znaSala 140 g/l in seamlikovala od celotne populacije.
Koncentracija joda v urinu manj kot 50 pg/l je bilamerjena pri 2,5 % slovenskih
adolescentov. Rezultati kazejo, da je bilo poviSaijveznega jodiranja soli uspesno, ter
da v Sloveniji ni regij kjer bi adolescenti bili panjkljivo preskrbljeni z jodom.
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Goiter Prevalence and Urinary lodine Concentration in
Slovenian Adolescents*

P. Kotnik," A. Sirca Campa,2 M. Zupandi¢,® M. Stimec,? K. Smole,2 N. Fidler Mis,2
T. Battelino," and C. KrzZignik'

Context: Slovenian school-age children are, as are more than half of European school-age children, still consid-
ered to be iodine deficient. In 1999, supplementation of salt was increased from 10 to 25 mg of KI/kg of salt.
Objective: The objective of our study was to determine the success of this intervention. Design and Patients:
Twelve hundred sixty-four girls (mean age + SD: 15.7 + 0.6 years) and 1200 boys (15.8 = 0.8 years) represent-
ing 10% of all 15-year-old Slovenian adolescents were studied. Thyroid size was estimated by clinical exami-
nation in all subjects and by ultrasound when enlarged thyroid was suspected. Thyroid volume was also de-
termined by ultrasound in 108 random iodine-sufficient adolescents. In addition, urinary iodine concentration
was determined in all subjects. Results: Enlarged thyroid was determined by clinical examination and ultra-
sound in 0.9% of all subjects. In randomly selected iodine-sufficient subjects, enlarged thyroid was determined
in 4.6%. Median urinary iodine concentration for the population was 140 pg/L. In all regions it was greater
than or equal to 100 g /L. Values less than 50 pg/L were determined in 2.5% of all subjects. Conclusions: Sloven-
ian adolescents are iodine sufficient and the prevalence of goiter is low, indicating that increased KI supple-

mentation of salt in 1999 was successful.

Introduction

ODINE DEFICIENCY DISORDERS PERSIST as an important public

health problem in Europe. The International Council for
Control of lodine Deficiency Disorders (ICCIDD) estimates
that 59.9% of school-aged children still have iodine-insuffi-
cient nutrition (1). Goiter prevalence is the most important
indicator of assessing iodine deficiency disorders. An area is
considered to be endemic for goiter if more than 5% of
school-aged children have an enlarged thyroid (2). Median
urinary iodine concentration is the prime indicator of the
population’s nutritional iodine status and the most impor-
tant parameter used to measure the success of iodine sup-
plementation in the population (3). Median value of urinary
iodine concentration less than 100 pg/L in a population is
considered to indicate inadequate iodine intake and insuffi-
cient iodine nutrition in a population (4).

In the first half of the 20th century, Slovenia had been en-
demic for goiter. [t was estimated that 58% of school-aged
children had goiter. In 1953, obligatory iodination of salt, for
human and animal consumption, with 10 mg of KI/kg of salt
was introduced. Prevalence of goiter in school-aged children
had dropped to 22.4% by 1959 (5). In 1991, prevalence of goi-

ter among school-aged children was estimated to be 12%.
Median urinary iodine concentration has been 60 ug of io-
dine/g creatinine, well below the limit for iodine sufficiency,
which was 100 ug of iodine/g creatinine (6). In addition, io-
dine concentration in human milk and serum has also been
found to be decreased (7). A new regulation has been ac-
cepted in 1999. Supplementation with KI has been increased
to 25 mg per kg of salt, both for salt used for human con-
sumption and in the food industry (8). In 2003, an appendix
was added to the 1999 law mandating that all salt marketed
in Slovenia must be supplemented with iodine (9).

Slovenia is currently still classified by ICCIDD to be io-
dine deficient (1). Five years have past since the legislation
regarding salt iodinization has changed. The objective of
our study was to determine the success of increased sup-
plementation of salt with KIin 1999, Goiter prevalence and
median urinary iodine concentration were determined in
Slovenian adolescents. Examinees from all regions in
Slovenia were included in the study with the goal of not
only determining epidemiological data for the country as
a whole, but also determining possible areas with inade-
quate iodine supplementation or increased prevalence of
goiter.

'Department of Pediatric Endocrinology, Diabetes and Metabolism, University Children’s Hospital, Ljubljana, Slovenia.
“Center for Nutrition, University Children’s Hospital, Ljubljana, Slovenia.

Biochemical Laboratory, University Children’s Hospital, Ljubljana, Slovenia.

*Abstract has been previously presented at the seventh joint annual ESPE/LEWPES meeting in Lyon, France.
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Subjects and Methods
Subjects

The study was performed in the years 2003 to 2005. Two
thousand four hundred sixty-four adolescents (1264 girls vs.
1200 boys, 15.7 = 0.6 years (mean age * SD) in girls vs.
15.8 = 0.8 years (mean age * SD) in boys) representing ap-
proximately 10% of all 15-year-old Slovenian adolescents,
were examined. Subjects were selected from all Slovenian re-
gions: Ljubljana and surroundings, étajerska, Koroska,
Gorenjska, Prekmurje, Dolenjska, and Primorska (Table 1,
Fig. 1). Number of subjects from a particular area was de-
termined proportionately to the number of inhabitants of
that area. Subjects of both genders were recruited consecu-
tively at their medical examination entering high school, un-
til the planned number of subjects for a particular area was
reached. The consequence of this system of recruitment was
uneven recruitment according to gender in some regions.
The study was approved by the Slovenian committee for
Medical Ethics (No. 84/06/02). Written consent was ob-
tained from parents of participating adolescents.

Goiter determination

Thyroid size was estimated by neck palpation in all ex-
aminees by an experienced pediatrician trained in thyroid
size estimation. Thyroid size was primarily determined by
inspection and palpation. It was graded as follows: grade 0
(no goiter), grade 1A (thyroid lateral lobes larger than the
terminal phalanges of the subjects’ thumbs), grade 1B (en-
larged thyroid visible when the neck was fully extended),
grade 2 (enlarged thyroid visible in normal supine position

KOTNIK ET AL.

of the neck), grade 3 (large goiter visible from a distance of
3 m) (10).

When enlarged thyroid was suspected by palpation thy-
roid volume was determined by real-time ultrasonography
using a portable device with a 7.5-MHz linear transducer
(Sonodiagnost 100 LC Philips, Nederland). Thyroid volume
was determined by a single examiner in all subjects. Subjects
were lying supine with hyperextended neck. The volume of
each lobe in milliliters was calculated by the formula: 0.479 X
anteroposterior diameter (cm) X mediolateral ~diameter
(cm) X craniocaudal diameter (cm). Thyroid volume was the
sum of volumes of both lobes (11). Criteria for determining
the upper limit of normal thyroid volume in investigated
subjects was adopted from the WHO criteria (12,13).

Urinary iodine concentration

A random urine sample was collected from all examinees.
Urinary iodine concentration was measured according to the
recommendations of ICCIDD by the calorimetric ceric ion ar-
senius acid assay using a spectrophotometer PM2 DL (Op-
ton, Germany) (14). Urinary iodine concentration was ex-
pressed in micrograms per liter. All urine samples with
urinary iodine concentration less than 100 ug/L and more
than 300 ug/L were double-checked. Average of both val-
ues was used in statistical analysis.

Statistical methods

Frequency distribution of urinary iodine concentration in
both gitls and boys was not normal and it was shifted to-
wards higher values. Therefore, nonparametric statistical

TaBLE 1. URINARY IODINE CONCENTRATION IN ADOLESCENTS FROM ALL SLOVENIAN REGIONS

Region N

Urinary iodine concentration (ug/l)

Median <50 (%) <100 (%) >300 (%)

étajerska

Prekmurje

Gorenjska Girls 110
Boys 111
All 22]

150 0.9 23.6 55
130 0.9 23.4 45
140 (.9 23.5 5.0

Total

Girls
Boys 1200
All 2464

140 :
140 : 23.2
140 2.5 23.5




Croatia

FIG.1. Map of Slovenia indicating median values o

tests were used. Data were described using medians, 25th
and 75th percentile.

Correlation between thyroid volume and body surface or
urinary iodine concentration was determined using Spear-
man rank correlation test. P value < 0.05 was considered to
be statistically significant.

Results

Goiter (grade 1 or higher) was suspected in 60 of 2464 sub-
jects (2.4%) by palpation. Enlarged thyroid was confirmed
by ultrasound, according to World Health Organization
(WHO) criteria for age and gender, in 24 subjects (19 girls
and 5 boys). Prevalence of goiter in Slovenian adolescents
was estimated to be 0.9%. Correlation between clinical and
ultrasonographic examination was 40%.

Further studies showed that 9 out of 24 subjects with an
enlarged thyroid had increased thyroid autoantibodies (anti-
Tg, anti-thyroid peroxidase) and therefore had autoimmune
thyroiditis.

In addition, ultrasonography was done in 108 random
adolescents (58 girls and 50 boys). As a group they were io-
dine sufficient (median urinary iodine concentration 200
ug/L in girls and 205 ug/L in boys). Average thyroid size
in girls was 11.2 + 0.5 mL and 10.2 * 0.4 mL in boys. A pos-
itive correlation between thyroid volume and body surface
was found for both girls (p < 0.05) and boys (p < 0.01). Av-
erage thyroid volume corrected for body surface area was
6.8 = 0.3 mL in girls and 5.6 = 0.2 mL in boys. An enlarged
goiter for age, according to WHO criteria, was found in 5 of
108 subjects (4.6%). There was no significant correlation be-
tween urinary iodine concentration and thyroid size both for
girls and boys.

As shown in Table 1, median urinary iodine concentration
for all Slovenian regions was 140 ug/L (equally 140 pg/L in
girls and boys). In all regions it was equal to or greater than
100 pg/L (Table 1, Fig. 1). The lowest value was obtained
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for region Dolenjska, where median urinary concentration
was on the border of sufficiency (100 ug/L). The highest
value was obtained for region Prekmurje (190 ug/L). Values
less than 50 ug/L were determined in 2.5% of all subjects
(2.9% of girls and 2.0% of boys). The highest percentage of
subjects with a value less than 50 ug/L was found in region
Dolenjska (6.9%). Values more than 300 ug/L were found in
8.5% of all subjects (9.3% of girls and 7.6% of boys). The re-
gion with the highest percentage of subjects with a value
greater than 300 ug/L was Ljubljana and surroundings
(13.4%).

In 24 subjects with clinically determined and ultrasono-
graphically confirmed goiter, the median urinary iodine con-
centration was 140 ug/L, the same value as was the median
for the whole population.

Discussion

Enlarged thyroid above the 97th percentile, using WHO
standard for age, was determined in 4.6% of examined ado-
lescents by ultrasound. This is a significantly larger preva-
lence of goiter than determined by clinical examination in
the present study, and most probably closer to the true
prevalence of goiter in the population. However, it is less
than the value of 5% that determines an area endemic for
goiter (2). Mean thyroid volume was higher than the 50th
percentile for age as defined by WHO (12). This could be at-
tributed to a residual effect of iodine deficiency previously
determined in Slovenia (6).

Prevalence of goiter in the population of Slovenian ado-
lescents as assessed by clinical examination (2.4%) was lower
than prevalence determined by ultrasound (4.6%). Clinical
examination and ultrasound correlated in only 40% of sub-
jects. It is therefore possible that a marginally enlarged thy-
roid was not determined in a number of subjects by clinical
examination explaining the lower prevalence of goiter de-
termined by clinical examination alone. A poor correlation
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between clinical examination and ultrasonography was pre- References

viously reported in a study in which only 30% of children 1, Vi T [elompe: B Pindhers, &, Binmemmon, 8 D [T

with IA goiter and 25% of children with suspected IB goiter
on clinical examination had actually enlarged goiter by ul-
trasound (15). Results of the present study additionally con-
firm the fact that ultrasonography is a significantly more sen-
sitive and accurate method of determining thyroid size than
clinical examination is (12,16-18).

Median concentrations of iodine in the urine of adoles-
cents from all Slovenian regions and median values for dif-
ferent regions were determined to be in the range suggest-
ing normal iodine intake in the population. In the majority
of regions, values were well above the suggested limit of 100
ug/L (Table 1) (4). A significant improvement was observed
in comparison to the results from 1991, when an average of
60 ug of iodine/g creatinine was determined in urine sam-
ples from 568 adolescents from region Ljubljana and sur-
roundings (6). In addition, the percentage of the population
with values of urinary iodine concentration less than 50
ung/L was also well below 20%, the limit defined by WHO
for an iodine-deficient population (4). These results indicate
that iodine supplementation in Slovenian population is suf-
ficient. When an individual’s urinary iodine concentration
was compared to their thyroid volume, no significant corre-
lation was found. It was previously documented that ran-
dom urinary iodine concentration and individuals thyroid
volume do not correlate (15,19). This is most probably the
consequence of the fact that there is an intra- and interday
variability of urinary iodine concentration in an individual
(20,21). Despite this, it is well established that urinary iodine
concentration measurements in a single urine sample are
very useful in epidemiological studies in population sam-
ples of appropriate size (3,15,22,23).

In conclusion, Slovenian adolescents are iodine sufficient,
and the prevalence of goiter as determined by ultrasound is
below the WHO standard determining a goitrous area. The
results indicate that increased KI supplementation of salt in
1999 to 25 mg/kg of salt was successful. Continued supple-
mentation of salt with iodine is recommended, and it is an-
ticipated that average thyroid volume will decrease in the
coming years.
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2.2 VNOS JODA PRI SLOVENSKIH ADOLESCENTIH

Matevz STIMEC, NataSa FIDLER MIS, Katarina SMOLEjnRZz KOTNIK, Andreja
SIRCA CAMPA, Mirjana ZUPANCIC, Tadej BATTELINO in Ciril KRZISNIK

lodine intake of Slovenian adolescents.

Annals of Nutrition and Metabolism, 2007, 51:439%44

Dosedanje Studije preskrbljenosti slovenskih adeletov z jodom so temeljile izkino

na raziskovanju razSirjenosti golSavosti in megekgpncentracije joda v urinu. Slovenski
adolescenti so na osnovi teh rezultatov Se zmempdeljeni kot pomanjkljivo
preskrbljeni z jodom. V naSi raziskavi smo ugotipvila je preskrbljenost slovenskih
adolescentov z jodom zadostna (mediana koncerdradp v urinu 140 g/l in pogostost
golSavosti 0,9 %). Za trajno zagotavljanje zadosireskrbljenosti z jodom je pomembno
vedeti kakSen je vnos joda in kateri so viri jodarghrani slovenskih adolescentov. Poleg
razSirjenosti golSavosti in koncentracije joda inursmo prvt v Sloveniji raziskali tudi
vnos joda z zivili in dolsili glavne vire joda v prehrani slovenskih adolego®. Vnos
joda in vire smo ocenili s ponj vprasSalnika o pogostosti uzivanja zivil (FFQ) p485
adolescentih in s pomip tridnevnega tehtanega prehranskega protokolaP)3
podskupini 191 adolescentov s sumom na gawe €itnico in njihovimi kontrolami. FFQ
predstavlja prehranske navade skozi dalgsovno obdobje in je predvsem primeren v
Studijah z velikim Stevilom preiskovancev. 3DP mtadlja trenutne prehranske navade in
je tezje izvedljiva metoda na &jem Stevilu preiskovancev. Mediana (povpe¢ vnosa
joda dol@enega iz FFQ je bila 155,8 pg/dan (185,6 pg/dasipcdnega iz 3DP pa 112,8
pg/dan (116,5 pg/dan). Na osnovi FFQ d¢ar@an vnos joda je bil zelo nizek (<50 pg/dan)
pri 82 (3,3 %), nizek (50-100 pg/dan) pri 505 (28Bin previsok ¥300 pg/dan) pri 280
(11,3 %) adolescentih. Vnos joda iamaan na osnovi 3DP je bil zelo nizek pri 10 (5,2 %)
nizek pri 110 (57,6 %) in previsok pri 0 (0,0 %)o&scentin. Med adolescenti z golSo in
njihovimi kontrolami, ki golSe niso imeli, razlik wvnosu joda izr&unanem po obeh
metodah nismo ugotovili. Glavni viri joda v prehrafovenskih adolescentov so jodirana
jedilna sol (39 % povptmega dnevnega vnosa joda), pga22 %) ter mleko in méai
izdelki (19 %). Vnos joda pri slovenskih adolesdeig zadosten tako pri deklicah kot pri
deckih in je v skladu s pripok@no referetno vrednostjo za vnos joda in pripéilom
WHO ter FAO(150 pg/dan). V Sloveniji je potrebnalits prihodnje spremljati vnos joda
pri adolescentih, saj jih 23,6 % Se zmeraj zayai@malo joda. Spremljati je potrebno tudi
druge skupine, ki so bolj podvrZzene pomanjkanjwajdat so nosmice, dojée matere in
dojertki. Obvezno jodiranje jedilne soli je potrebno ngaaati tudi v prihodnje.
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Abstract
Background: Slovenia s classified as being iodine-deficient.
We recently found that Slovenian adolescents are iodine-
sufficient (median urinary iodine concentration of the popu-
lation 140 wg/l) and the prevalence of goiter is low (0.9%).
The objective of this study was to evaluate iodine intake, the
prevalence of marginal, low and excessive intake (<50, 50—
100 and =300 p.g/day), as well as the main sources of iodine
in the diet of Slovenian adolescents. Methods: A cross-sec-
tional study included 2,581 adolescents (1,415 girls, 1,166
boys, mean age * SD 15.6 * 0.5 years) representing 10% of
15-year-old Slovenian adolescents. lodine intake was deter-
mined using a food frequency questionnaire (FFQ) in the
whole population studied (n = 2,485) and weighted 3-day
dietary protocols (3DPs) in a subgroup of participants (n =
191). Results: Median iodine intake determined from FFQ
was 155.8 pg/day. There was no significant difference be-
tween genders. Marginal, low and excessive iodine intake
was observed in 3.3, 20.3 and 11.3% of the adolescents, re-
spectively. The major food sources of dietary iodine includ-
ed table salt (39 % of the mean daily iodine intake), bever-
ages (22%) and milk/milk products (19%). Conclusions:
Dietary iodine intake in Slovenian adolescents is adequate,
illustrating the effective salt iodization program.

Copyright © 2007 S. Karger AG, Basel

Introduction

Adequate iodine consumption in a population is ex-
tremely important for public health, as both low and high
iodine intakes are associated with various thyroid diseas-
es [1, 2]. The dietary iodine supply is influenced by a num-
ber of agricultural, commercial and cultural factors.

In a previous publication we described the history of
goiter prevalence, changes in urinary iodine excretion,
and regulatory changes in salt iodization in Slovenia [3].
Briefly, iodized table salt (salt added in cooking and at the
table) was introduced in Slovenia in 1953 (10 mg KI/kg
salt). In 1999 the obligatory supplementation of table salt
with iodine was increased to 25 mg KI/kg salt (or 32 mg
KIOs/kg salt which is equal to 19 mg iodine/kg salt). Reg-
ulations from 1999 [4] did not define the iodization of salt
used in the food industry; therefore, in 2003 a new regula-
tion came into force. It defines that all salt, except sea salt,
traded on the Slovenian market for human consumption
and production of foods has to be iodized (25 mg Kl/kg
salt or 32 mg KIOs/kg, which corresponds to 19 mg io-
dine/kg salt). Additionally all table salt, whether evapo-
rated, sea or mineral, used in households has also to be
iodized (25 mg KI/kg salt or 32 mg KIO,/kg) [5]. In 2004
an appendix was added to the 2003 law mandating that all
imported salt sold in Slovenia has to be in accordance with
Slovenian law [6]. Thus all salt in Slovenia, except sea salt,
used in the food industry has to be supplemented with
iodine (25 mg KI/kg salt or 32 mg KIOy/kg).

However, it was unknown what eftect this increase in
table salt iodization would have on Slovenian iodine nu-
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trition, as dietary habits and food supply patterns are
changing. In addition, in response to health guidelines,
people may gradually be reducing their salt intake.

Previous studies in Slovenia focused on the prevalence
of goiter and urinary iodine excretion [7-10]. According
to the latest classification of the International Council for
Control of lodine Deficiency Disorders, Slovenia is still
classified as iodine-deficient [11].

The study presented here is a part of a larger cross-sec-
tional study in which we investigated the iodine concen-
tration in the urine as well as thyroid size and thyroid
volume by clinical examination and ultrasound of 15-
year-old Slovenian adolescents (about 10% of all Slove-
nian adolescents). We found that Slovenian adolescents
arejodine-sufficient. The median urinaryiodine concen-
tration was 140 pg/l and the prevalence of goiter was be-
low the WHO standard determining a goitrous area [3].

The objective of this study was to evaluate dietary io-
dine intake in Slovenian adolescents. We calculated the
median and mean dietary iodine intake as well as the
prevalence of marginal, low and excessive iodine intake.
Further we present the food groups that contribute the
most to iodine intake.

Subjects and Methods

Our study included 2,813 adolescents representing approxi-
mately 10% of the children in this age group in Slovenia [12]. To
include adolescents from all socioeconomic groups in the sam-
ple, they were selected from all the various high school educa-
tion programs. The number of participants from each region
was proportional to the number of inhabitants of that region.
2,661 adolescents (95%) completed a food frequency question-
naire (FFQ) and a subgroup of 197 participants additionally
completed a weighted 3-day dietary protocol (3DP). Figure 1
summarizes the course of the study. The investigation took
place in 10 regions of Slovenia, determined according to the re-
gional units of the Health Insurance Institute of Slovenia [13].
Regular systematic medical examinations were conducted at re-
gional health centers during February 2003 until April 2005.
Examinations were performed independently in the health cen-
ters, but all information gathered, procedures preformed and
questionnaires were precisely standardized before the examina-
tion. The study protocol was approved by the Ethical Commit-
tee of the Medical Faculty of the University of Ljubljana (No.
84/06/02). After careful explanation of the study, written in-
formed consent was obtained from the parents of all participat-
ing adolescents.

Measurement of Dietary lodine Intake

Food Frequency Questionnaire

The FFQ was given toall participants when they arrived at the
regional health center to fill in while waiting for their medical

440 Ann Nutr Metab 2007;51:439-447

examination, which included thyroid size estimation by palpa-
tion. The FFQ was semiquantitative and was designed to assess
the nutritional habits over a period during the previous year. It
was adapted from the Harvard University Food Frequency Ques-
tionnaire developed by Willett [14] and also described by Thomp-
son and Byers [15]. It included 82 different food items, among
them also all 10 types of table salts sold on the Slovenian market,
and could be completed in 15 min. Short oral instruction was
given by the medical personnel, and the instructions were also
written on the first page.

The food items were grouped under 9 subheadings: (1) milk/
milk products; (2) meat/meat products; (3) fish/fish products; (4)
fats; (5) starch foods; (6) vegetables; (7) fruits /nuts; (8) beverages,
and (9) salt. It contained 15 questions about milk/milk products,
10 questions about meat/meat products, 5 questions about fish/
fish products, 6 questions about fats, 12 questions about starch
foods, 9 questions about vegetables, 8 questions about fruits/nuts,
7 questions about beverages, and 10 additional questions about all
types of table salt sold in Slovenia, presented with color pictures
of the products. For all foods 9 different frequency categories of
consumption were given from never or less than once a month to
maximum six or more times a day. Intake from dietary supple-
ments was not included in the FFQ, but was included in the med-
ical examination.

The iodine contribution from each food and table salt was cal-
culated on the basis of the frequency of consumption, portion size
and the iodine content of a specific food. lodine intake was ex-
pressed in micrograms per day. The iodine contribution from
each food and table salt was summed. The contribution to iodine
intake of each food and food group, including table salt, was cal-
culated and expressed as the percent of the total daily iodine in-
take. Table salt intake, i.e. salt added in cooking and at the table,
was calculated from questions about the frequency of consump-
tion of all 10 different types of table salt sold on the Slovenian
market, for which supplementation with iodine is obligatory by
law. The salt in foods, i.e. salt naturally occurring in unprocessed
foods and salt from manufactured foods, was included in the
composition of the foods and was not considered extra as table
salt. We used the nutrition database software (Prodi 5.0 expert
plus, Stuttgart, Germany), which is based on the German nutrient
survey consisting of: (a) Bundeslebensmittelschliissel, version 11
3, Berlin, 1999 (about 1,600 food items); (b) Souci, Fachmann,
Kraut, Nihrwerttabellen, Stuttgart, 2000 (about 900 food items),
and (c) industrial products and dietetic food (about 6,500 food
items) [16]. We added values for the iodine content of table salts
produced and sold in Slovenia (‘Fino mleta sol, Droga Portoroz,
Slovenia’, and ‘Kuhinjska morska sol Maestro, Droga Portoroz,
Slovenia’; both 25 mg K1/kg salt). Average portion sizes were esti-
mated according to typical food portion sizes [17] with some mi-
nor modifications for typical amounts of foods consumed in Slo-
venia.

Despite visual checks of the questionnaires, missing values oc-
curred. Those FFQs which had four or more invalid answers on
the frequency of consumption (missing frequency, multiple marks
for frequency) were excluded from further processing (101 (3.8%)
from 2,661 completed the FFQ; fig. 1). In FFQs with less than four
invalid answers on the frequency of consumption, invalid an-
swers were calculated as there was no consumption of these foods.
0Of 2,661 adolescents, 96.2% had valid FFQs (fig. 1).

Stimec et al.
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Sample™
Questionnaire:

Regular systematic medical examination

Adolescents entering high school from all educational programs
(2,813 nvited — 152 pefused = 2,661 pamnpaoed)

Data collection: Personal, anthropometrical, illnesses, medications, iodine supplements
Casual urine (2,66 1parvcipaed — 37 Ssample not given = 2,286measured iodine concenmation)
FFQ (2,661 compiered — 101 unsuitable, exciuded = 2,560 correctly completed)

Thyroid clinically enlarged; suspicion of
goiter (n=60)

Thyroid clinically not enlarged (n = 2.601)
of these, control group (n = 180)

I I

Examination®:

Nutritional counselling:
Questionnaire i cany sutathome : 3DP (240invited — 43 retused = 197 completed)

Adolescents (60 with suspicion of goiter + 180 controls = 240)

Thyroid size measured by ultrasound

How to carry out 3DP at home

(1 gT(‘cmplemd — Bunsuitable, excluded = 1 9 ]mrmcuy mmpmad?

I I

FFQcorrectly completed (1 = 2,560) and 3DPeorectly completea (0 = 191)
Evaluation : Nutritional program Prodi 5.0 expert plus (Stuttgart, Germany, 2004)

I I

Statistical analysis: (n= 2,661 — 80cxciuded due to age 217 years = 2,58 1)
FFQ (n =2.485), 3DP (n = 191), urinary iodine concentration (n = 2,221)"

Fig. 1. Course of the study. * Described ear-
lier by Kotnik et al. [3].

Legend: At regional health centers in all 10 regions of Slovenia
At the University Children’s Hospital in Ljubljana

Diet Records

Adolescents with suspected goiter [3] and their controls were
referred for further investigation to the University Children’s
Hospital, Ljubljana (n = 240; fig. 1). They were asked to carry out
3DP. Those who agreed were instructed individually by a dieti-
cian to carefully weigh and record the exact amount of all foods,
including table salt, and beverages consumed (quantity in grams,
milliliters or household measures), and to name the correspond-
ing brands as well as to write the recipes for the foods cooked at
home.

Adolescents completing dietary records received precise oral
as well as written instructions on each page of the dietary records
reminding them to take special care to record the use of table salt
added in cooking and at the table. They were also given written
information and an example of how to complete the dietary rec-
ord. On the bottom of each page of the 3DP, we additionally re-
mained them: (a) to write down which brand of table salt and how
much they added in cooking or at the table; (b) to state the amount
of fat and fat content in milk, and (c) to state the amount and the
type of vitamin-mineral preparations, if taken. Dietary iodine in-
take from the 3DP was analyzed using the same nutrition data-

Iodine Intake of Slovenian Adolescents

base software [16] and the same computerized food composition
tables as described for the FFQ. The individual mean daily iodine
intake corresponds to the calculated amount of iodine contained
in food, iodized table salt and iodine tablets.

Of the 197 adolescents who agreed to carry out 3DP, 191 (97%)
completed useful records which were processed (fig. 1). Exclusion
criteria were missing recordings of consumption for one or more
days (n = 6; 3% of the completed 3DP). From 191 valid 3DP, 166
were completed by girlsand 25 by boys, which was a consequence
of the higher number of girls with suspected goiter.

Statistics

The Shapiro-Wilk and the Kolmogorov-Smirnov tests for nor-
mal distribution were applied. The Kruskal-Wallis test was used
to compare median values for iodine intake in all participants.
The Mann-Whitney test with Bonferroni correction was applied
to determine differences in median iodine intake between boys
and girls for both iodine intake measurement methods. To com-
pare iodine intake with recommendations, the Wilcoxon signed
rank test was used. The Mann-Whitney test was applied to deter-
mine differences in median iodine intake between adolescents

Ann Nutr Metab 2007;51:439-447 441



Stimec M. Preskrbljenost z jodom in vnos soli foivenskih adolescentih. 14
Dokt. disertacija. Ljubljana, Univ. v LjubljariBiotehniska fakulteta, 2011

Table 1. Anthropometric data for

adolescents included in statistical Parameter All Girls Boys p*
analyses (meanSD) (n=2581) (n=1415 (n=1,166)
Age, years 15.6%£0.5 155%05 15.6+0.4 n.s.
Height, cm 169.7£12.5 165.4%19.7 1749%13.5 <0.001
Weight, kg 61.9%12.2 58.4%10.3 66.1+13.0 <0.001
Body mass index, kg/m? 21.3%36 21.2%36 214x37 n.s.

* Differences between genders; t test for unpaired samples.

Table 2. lodine intake (pg/day) of Slovenian adolescents determined from FEQ (n = 2,485) and from 3DP

(n=191)

FFQ 3DP

all girls boys all girls boys

(n =2,485) (n =1,370) (n=1,115) (n=191) (n=166) (n=25)
Todine intake, ug/day
Mean £ 5D 185.6%+126.8 182.6%x119.3 189.3%+1355 116.5%x442 114.0%£439 133.5%436
Median 155.8 155.4 156.2 112.8 108.3 128.6
25th percentile 110.7 111.6 109.9 86.1 85.3 111.3
75th percentile 2225 217.8 231.1 136.6 1355 153.4
Participants with iodine intake, %
<50° 33 24 44 5.2 6.0 0.0

50-100" 20.3 20.7 19.9 57.6 59.0 48.0

=300¢ 11.3 10.0 12.8 0.0 0.0 0.0

 Marginal iodine intake [14]; ® low iodine intake; © excessive iodine intake.

with goiter and their controls. Statistical analyses were performed
with the Statistical Package for Social Sciences (SPSS version
12.0.1, Chicago, Ill., USA). Results are presented as medians with
25 and 75 percentiles and mean * SD. In all analyses the level of
significance was taken as 0.05.

Results

Todine Intake

The statistical analyses included 2,581 adolescents, of
which 2,485 had a valid FFQ and a subgroup of 191 ado-
lescents with a valid 3DP (fig. 1). Table 1 shows the char-
acteristics of the adolescents included in statistical analy-
ses.

The median iodine intake of Slovenian adolescents
(n = 2,485) determined from FFQ was significantly high-
er than the median iodine intake of the subgroup (n =
191) determined from 3DP (155.8 vs. 112.8 pg/day, p <

442 Ann Nutr Metab 2007;51:439-447

0.001; table 2). There were no significant differences in
iodine intakes between genders for both iodine intake
measurement methods (FFQ 155.4 and 156.2 pg/day for
girls and boys, respectively; 3DP 108.3 and 128.6 pg/day
for girls and boys, respectively). Variations in iodine in-
take in terms of standard deviations, interquartile ranges
and skewness were greater in FFQ estimates than in 3DP
estimates.

When calculated from FFQ, marginal iodine intake
(<50 pg/day; according to the definition of Brussaard et
al. [18]) was observed in 82 adolescents (33 girls and 49
boys) and low intake (50-100 pg/day) in 505 adolescents
(283 girls and 222 boys). Calculations from 3DP showed
marginal iodine intake in 10 adolescents (10 girls and 0
boys) and low intake in 110 adolescents (98 girls and 12
boys). Results obtained from FFQ indicated excessive io-
dine intake (=300 pg/day) in 280 adolescents (137 girls
and 143 boys), whereas results from 3DP indicated no ad-
olescent with excessive iodine intake (table 2).

Stimec et al.
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Table 3. lodine intak /d

c: lcn.? laks :1) f:(?;l;i::b ?n(g 3gD; )21 Iodine intake, pg/day  Adolescents with goiter Controls

adolescents with goiter (n = 24) and their FFQ 3DP FFQ 3DP

controls (n = 48) (n=19) (n=15) (n=38) (n=30)
Mean + SD 16844836  1064%385 177.6%139.1 117.9+299
Median 137.5 107.0 1282 113.3
25th percentile 112.0 824 94.6 98.1
75th percentile 215.6 122.0 2222 135.1

Comparison of lodine Intake of Adolescents with

Goiter and Their Controls

Table 3 presents the iodine intakes of adolescents with
goiter (clinically determined and confirmed ultrasono-
graphically, as described in our previous publication [3])
and their controls, calculated from FFQ and 3DP. There
was no statistically significant difference in median io-
dine intake between adolescents with goiter and their
controls by either diet survey method.

Food Sources of lodine in Slovenian Adolescents

The majority of iodine in nutrition originated from
food sources. Among 2,581 adolescents investigated,
99.9% were not taking any supplements. Only 3 girls used
iodine tablets (300 p.g/day).

Allfoods listed in the FFQ were arranged info 9 groups
and the contribution to iodine intake of each food and
group was calculated. Table salt (38.5%), beverages
(22.3%) and milk/milk products (19.2%) were the main
contributors to the mean daily iodine intake, contribut-
ing 80% of the mean daily iodine intake in the nutrition
of adolescents (table 4). Table 5 shows the contribution to
the mean daily iodine intake of the subgroups of bever-
ages, milk/milk products and other foods groups.

Discussion

Iodine Intake

This is the first representative national study of iodine
intake in Slovenian adolescents. We calculated iodine in-
take using FFQ in a representative sample of Slovenian
adolescents and additionally using 3DP in a subgroup.
The FFQ and 3DP covered different time periods. The
FFQ is retrospective and presents dietary habits, whereas
3DP was completed day-by-day and presents nutrition
over a 3-day period of time. The strength of our study
design is the large number of participants investigated.

Iodine Intake of Slovenian Adolescents

Table 4. Contribution of main food groups to mean daily iodine
intake (185.6 pg/day) determined by FFQ in Slovenian adoles-
cents (n = 2,485)

Food groups
table salt beverages  milk/milk other
products
pg/day 714 413 357 372
% 38.5 22.3 19.2 20.0

Another strength is that as a part of the same study, the
iodine concentration in the urine sample as well as thy-
roid size and volume were determined by clinical exami-
nation and ultrasound [3].

The limitation of our study is that we had neither time
nor resources for major investment in the development
and evaluation of FFQ. As an alternative to designing a
questionnaire de novo, we used and modify an existing
questionnaire, as proposed by Willett [14]. A further
weakness is that currently in Slovenia there is no repre-
sentative database on food composition.

FFQ versus 3DP

In our epidemiological study with nearly 3,000 adoles-
cents, who all had to give information about their diet,
the question asked had to be simple, easy and fast to an-
swer, while still giving useful information. FFQ meets
these demands [14]. Another advantage of the FFQ over
short-term dietary records (i.e. 3DP) is that it better re-
flects long-term dietary intake. FFQ in our study was
carefully tailored to the objective of the study. The rela-
tive validity of an FFQ is usually assessed by comparing
data with a reference method, often weighed dietary rec-
ords, but the “true reference’ is not available.

When comparing results obtained from both meth-
ods, iodine intake from FFQ was significantly higher

Ann Nutr Metab 2007;51:439-447 443
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Table 5. Contribution of sub-groups of

beverages, milk and milk products Main food Sub-groups Sub-group contribution Contribution
and other food groups to mean daily EFUMDS o mean daily iodine to main
iodine intake in Slovenian adolescents intake, pg/day group, %
(n = 2,485) and their contribution (%) to o
the main food groups Beverages Drinking water 16.5 40.0
Tea 9.1 22.0
Soft drinks 7.7 18.6
Fruit juices and nectars 7.0 17.0
Mineral water 1.0 24
Milk and Milk 20.2 56.6
milk products  Fermented milk products 11.8 33.1
Cheese and cream 3.7 10.4
Other food Fruits 11.5 31.0
groups Vegetables 8.4 224
Fish and fish products 7.4 19.9
Bread and other starch foods 3.6 9.7
Meat and meat products 33 8.9
Other foods 3.0 8.1

than iodine intake obtained by 3DP. This was probably
due to the fact that FFQ reflects the usual intake of foods
over a longer period of time while 3DP shows the intake
of foods during the time it is carried out [14]. Another
cause for differences could be smaller sub-sample of par-
ticipants and the unequal number of boys and girls car-
rying out 3DP. In accordance with our results, Rasmus-
sen et al. [19] also found that the iodine intake level ob-
tained by FFQ compared to the dietary record tend to be
overestimated.

In our study FFQ gives more representative informa-
tion on iodine intake in Slovenian adolescents than 3DP,
although 3DP is frequently used as a reference method for
FFQ evaluation studies often in combination with other
standard methods [18, 19]. In order to identify and ex-
clude diet reports of poor validity (FFQs and 3DPs), we
considered using the Goldberg cutoff limits [20]. The au-
thors of the Goldberg cutoff evaluation studies [20-22]
concluded that information on participants’ activity level
or lifestyle is needed to choose a suitable energy require-
ment for comparison. This information was not collect-
ed, therefore the Goldberg cutoff was not applied.

Food Sources of Iodine

The calculation of iodine intake from FFQ and diet
records is frequently incorrect due to large regional and
seasonal variations in the iodine content of many foods,
non-calculable losses in food preparation [23], and the
limited accuracy of assessing table salt intake. Neverthe-
less, there are many studies on dietary iodine intake us-

444 Ann Nutr Metab 2007;51:439-447

ing FFQ or dietary records [18, 19, 24-27]. In our opinion
nutritional studies also give a valuable insight into the
main dietary sources of iodine.

The main food source of iodine in the nutrition of Slo-
venian adolescents in our study was iodized table salt,
which contributed about 39% of the mean daily iodine
intake. This high contribution of table salt to the intake
of iodine is due fo the fact that all table salt on the Slove-
nian market must be iodized by law (19 mg iodine/kg salt)
[5, 6]. We are aware that accurate assessment of table salt
intake is very difficult. The proposed golden standard for
measuring the actual salt intake of an individual is a lith-
ium-marker technique [28-30]. However, this method is
not suitable on a population level. We could only use this
technique in a smaller sub-sample of children. Our meth-
odology for estimating table salt intake is in agreement
with the literature data for a large number of participants
(24, 31].

As FFQ, despite all adaptations to the purposes of the
study, still has limited power to accurately assess table salt
intake, certain doubt exists about the high contribution
of iodine. On the other hand, the prevalence of goiter has
dropped considerably among schoolchildren since oblig-
atory salt iodization was introduced in 1953 and even
more so after it was increased 2.5-fold (from 7.5 to 19 mg
iodine/kg salt) in 1999. This clearly indicates that iodized
table salt has a very valuable effect on lowering goiter
prevalence and that it is an important source of iodine in
the nutrition of Slovenian adolescents.

Stimec et al.
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Beverages contribute about 22% of the mean daily io-
dine intake, from which 40% is from drinking water. We
assume that this high contribution of beverages, especial-
ly water, is most questionable. It is known from the lit-
erature that theiodine content in drinking water can vary
considerably. For example in Denmark it was found that
iodine in drinking water varies by more than 100-fold
[32]. Because Slovenia is geographically a very diverse
country, these variations might be in these ranges. Be-
sides, at present there are no representative data on the
iodine content of Slovenian drinking water and bever-
ages; therefore, the values used in the calculations might
not be the most accurate. On the other hand, Rasmussen
et al. [26] also found that beverages contribute approxi-
mately 24% of iodine in the daily nutrition of the Danish
population.

Milk and milk products are the third most important
source of iodine and contributed 19% to the daily intake.
According to similar studies [24, 26], we would expect
that this group would contribute more iodine than bever-
ages, but on the other hand, also the iodine content in
milk and milk products varies considerably [33], and re-
sults could be different if reliable data on iodine content
in Slovenian milk and milk products would be avail-
able.

Recommendations for lodine Intake in Slovenia?

In 2004 Slovenia adopted the D-A-CH (D = German,
A = Austrian; CH = Swiss) Reference Values for Nutrient
Intake [34], which were translated into the Slovenian lan-
guage [35]. In these recommendations it is interesting
that in Germany and Austria the recommendations for
iodine intake are higher in all age groups than those of
Switzerland and the WHO [36]. For the 13- to <51-year-
old age group in Germany and Austria, the recommend-
ed iodine intake is 200 pg/day, whereas Switzerland and
the WHO recommend 150 pg/day. The higher recom-
mended iodine intakes for Austria and Germany are be-
cause in these two countries iodine deficiency disorders
still persist due to too low iodine intake as well as the in-
take of goitrogen substances that inhibit iodine absorp-
tion. Regarding our previous results from urinary iodine
excretion and the low goiter prevalence in Slovenian ado-
lescents [3], we conclude that the recommendation of 150
pg/day is high enough for Slovenian children aged 13-19
years, and this value should be adapted as a reference val-
ue for this segment of the population.

Compared to the D-A-CH (Swiss) [34] and WHO rec-
ommendation [36] of 150 pg/day, the mean and median
iodine intake in our study (185.6 and 155.8 pg/day, cal-

Iodine Intake of Slovenian Adolescents

culated from FFQ, which is representative of the Slove-
nian adolescent population) was above the recommenda-
tions (p< 0.001). The results were similar when analyzing
data for both genders separately.

Todine Status of Slovenian Adolescents

The iodine status of Slovenian schoolchildren has im-
proved alot during the last century. The goiter prevalence
in schoolchildren has dropped dramatically from 58% in
the first part of the 20th century [8] to 0.9% in 2003-2005
[3]. This indicates that the obligatory salt iodization pro-
gram in Slovenia has been successful and iodine intake
has obviously increased over the last century. OQur obser-
vation is in accordance with the experiences in Austria
and Switzerland following similar salt iodization pro-
grams [37, 38]. However, iodine intake is still inadequate
among some adolescents in Slovenia (3.3% have margin-
al and 20.3% low iodine intake). Our observation that ta-
ble salt is the major source of iodine in the diet of adoles-
cents supports the recommendation for the continued
iodine supplementation of salt in Slovenia.

Our study also has some limitations. In Slovenia there
are no representative data on food composition, but the
number of different Slovenian foodstuffs analyzed has
been increasing, The results show considerable similari-
ties with the composition of the German database, which
is the most often used in Slovenia for clinical practice,
industrial purposes as well as for research work. For this
reason, there might be some uncertainty about iodine
content, especially in water and milk, but not for the io-
dine content in salt. We used precise data on the iodine
content of salt sold in Slovenia given by the producers. It
is known from the literature that iodine in drinking wa-
ter varies enormously. For example in Denmark it was
found that iodine in drinking water varies by more than
100-fold [32]. There are also considerable variations in
the iodine content of milk, milk products, bread, fish,
meat and other foods [33]. Further studies on iodine in-
take in Slovenia must be made. Data on the iodine content
of Slovenian foods which, aside from salt, contribute most
to the daily iodine intake, such as milk, milk products,
water and beverages, would be advantageous. In the fu-
ture, should Slovenia develop its own database on food
composition, our results can then be recalculated on that
database.

Further nationwide surveys together with monitoring
the progress of eliminating iodine deficiency disorders
are required for other risk groups, especially pregnant
women as well as lactating women and their infants in
Slovenia.

Ann Nutr Metab 2007;51:439-447 445
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As a part of the same study we found that Slovenian
adolescents are iodine-sufficient (median urinary iodine
concentration for the population 140 pg/l), and that the
prevalence of goiter is low (0.9%) [3]. Our results for di-
etary iodine intake support our previous conclusions. All
the results together are strong evidence that Slovenian
adolescents are iodine-sufficient.

We conclude that iodine intake in Slovenian adoles-
cents, girls and boys, is adequate and meets the recom-
mendations of WHO and D-A-CH reference values of
150 pg/day. Iodized table salt is the main contributor to
the dietary iodine intake of Slovenian adolescents. Im-
provements in estimating iodine intake need to be made
in the future, especially a database on iodine content in
Slovenian foods and an estimation of table salt intake.
Further monitoring of iodine intake should be imple-
mented in Slovenia because there are still 23.6% of ado-
lescents with low and very low iodine intake. Further na-
tion-wide studies should also be performed in other
groups at risk of iodine deficiency.
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2.3 ZADOSTEN VNOS JODA PRI SLOVENSKIH ADOLESCENTIHE DOSEZEN NA
RACUN PREVISOKEGA VNOSA SOLI

Matevz STIMEC, Helena KOBE, Katarina SMOLE, Primd@TNIK, Andreja SIRCA
CAMPA, Mirjana ZUPANCIC, Tadej BATTELINO, Ciril KRZISNIK in Natasa FIDLER
MIS

Adequate iodine intake of Slovenian adolescengximmarily attributed to excessive salt
intake

Nutrition Research, 2009, 29: 888-896

V nasi raziskavi smo ugotovili, da so slovenski ladoenti zadostno preskrbljeni z jodom
(mediana koncentracije joda v urinu je znaSala|igl, pogostost golSavosti je bila manj kot
5 %), ter da je glavni vir joda v prehrani jodirgedilna sol. Po reprezentativnih nacionalnih
podatkih je vnos soli v Slovenski populaciji 12 /dan, kar je 150 % nad prip@eno zgornjo
mejo 5 g/dan. Leta 2007 se je v skladu z Resoluzijgacionalnem programu prehranske
politike 2005-2010 zgel program nizanja vnosa soli v slovenski popuiaBlgnadzorovano
nizanje vnosa soli v populaciji lahko privede daadostne oskrbe z jodom. Za zagotavljanje
zadostne oskrbe z jodom pri slovenskih adolesceéuntihv prihodnje, smo v okviru raziskave
ugotavljali kako je vnos soli povezan z vhosom jo&a pomdéjo FFQ smo pri 2485
adolescentih, starih od 14 dol7 let, raziskali Kolsoli zauzijejo in kakSen je prispevek
razli¢nih Zivil k dnevnemu vnosu soli in joda. V Studijno uporabili prilagojen FFQ, ki je bil
razvit na Harvardski univerzi in uporabljen teryegen v ve Studijah. V osnovi je bil FFQ
semi-kvantitativen in je imel v naprej dékne velikosti porcij Zivil. Za potrebe dananja
vnosa soli in joda v tej Studiji, smo velikosti pprzivil, za katere ni mogee dolciti naravnih
enot (npr. meso, solata, riz, testenine),dareli iz 3DP, kar je dodatno izboljSalo nataost
nase metode. Za zivila, katerim je naravne enotgatedolaiti (npr. mleko, sadje, pije),

so enote ostale enake, kot so bile dete v z&etnem FFQ. Vnos joda pri slovenskih
adolescentih izeainan po izboljSani metodologiji je bil 189,7 pg/dakar je ve& od
priporatenih 150 pg/dan. Jodirana jedilna sol je bila dal@pomembnejSi vir joda in soli v
prehrani adolescentov. Povpea skupen dnevni vnos soli pri adolescentih je @na®,4
g/dan in méno presega pripoteno zgornjo mejo 5 g/dan. Glavni viri soli so hddirana
jedilna sol (33 %), kruh (24 %), slani prigrizkiQ(®6), mesni izdelki (8 %), ribji izdelki (6 %)
in mleko (4 %). Skupaj so vsa Zivila prispevala §,867 % skupnega vnosa) soli v dnevni
prehrani adolescentov. Jedilna sol in mleko sta titli med glavnimi viri joda (37 % in 11
%). Iz rezultatov je razvidno, da vnos joda in suodita v ravnotezju, ter da niZzanje vnosa soli
v populaciji lahko ogrozi zadostno oskrbo z jodomgbovenskih adolescentih. Za znizanje
vnosa soli pri slovenskih adolescentih na 5 g/damaidaljnje zagotavljanje zadostne oskrbe z
jodom predlagamo, nizanje vnosa jedilne soli inatko poviSanje obveznega jodiranja
jedilne soli, nizanje vsebnosti soli v industrijskoedelanih Zivilih (npr. v kruhu, mesnih
izdelkih in ribjih izdelkih), nizanje uzivanja slémnprigrizkov in na ta réun poveéati uzivanje
Zivil z veliko joda in malo soli (npr. morske ribgadje, zelenjava) ter potrebno je premisliti o
dodatni uvedbi jodiranja kakSnega drugega osnovrEdga (npr. kruha ali mleka). Ob
nizanju vnosa soli v slovenski populaciji je potmelista&tasno spremljati spreminjanje vnosa
joda pri slovenskih adolescentih in drugih popytkih skupinah. Na osnovi sprotnih
ugotovitev je potrebno uvajati ustrezne ukrepeizanje vnosa soli in zagotovitev zadostnega
vnhosa joda.
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In Slovenia, table salt iodization has been applied to combat iodine deficiency. Recently, we found
that Slovenian adolescents attained iodine sufficiency (median urinary iodine concentration was
140 ug/L; prevalence of goiter was <1%). National dataindicate that saltintake of Slovenian population is
too high (150% above the recommended limit); therefore, we hypothesized that sufficient iodine intake in
adolescents can be primarily attributed to excessive salt intake, Ina cross-sectional study, we investigated
iodine and salt intake in Slovenian adolescents as well as the contributions of different foods to their
intake. We determined the iodine and salt intake of a national representative sample of 2581 adolescents,
aged 14 to 17 years, using the Food Frequency Questionnaire (FFQ). The FFQ covered habitual diets over
the past year, and 2485 (96%) adolescents completed a valid FFQ (1370 girls, 1115 boys). The iodine
intake was 189.7 £ 2.6 ug/d (mean £ standard error of mean), well above the recommended 150 ug/d
(P<.001). Table salt was by far the biggest dietary source of iodine and sodium for both sexes. Total salt
intake (mean = standard error of mean, 10.4 = 0.2 g/d) significantly exceeded the upper World Health
Organization limit (<5 g/d, P < .001), especially inboys (11.5 £0.3 v§ 9.4+ 0.2 g/d in gurls, P < 001).
The main food sources of salt were table salt (33%), bread (24%), salty snack products (10%), meat
products (8%), fish products (6%), and milk (4%). Salt intake from foods, excluding table salt, was 6.9 g/d
(67% of'total salt ntake). We conclude that although Slovenian adolescents are iodine sufficient, their salt
intake, especially among boys, is too high. Several nutritional interventions are proposed to reduce total
salt intake while ensuring adequate iodine intake.
© 2009 Elsevier Inc. All rights reserved.
lTodine: Sodium chloride; Diet; Questionnaires; Slovenia; Adolescent

3DP, 3-day weighted dietary protocol; FAO, Food and Agriculture Organization; FFQ, Food Frequency
Questionnaire; SEM, standard error of mean; WHO, World Health Organization.

1. Introduction

lodine deficiency remains a public health problem in
many regions of the world. The global prevalence of
inadequate iodine intake in schoolchildren is 36.4%. The

* Comesponding author. Tel.: +386 1 522 3408; fax: +386 1 522 9357.
E-mail address: natasa.fidler@guest.arnes.si (N. Fidler Mis).

0271-5317/8 — see front matter © 2009 Elsevier Inc. All nghts reserved.
doi:10.1016/j.nutres.2009.10.01 1

lowest prevalence is found in the Americas (10.1%), whereas
the highest is observed in Europe (59.9%) [1]. Universal salt
iodization, the main strategy used to combat iodine
deficiency [2,3], has been applied in Slovenia, in addition
to other countries. In the first half of the 20th century, it was
estimated that 58% of Slovenian schoolchildren had goiter.
After obligatory table salt iodization was introduced in 1953
(10 mg KI per kilogram of salt), the prevalence of goiter



Stimec M. Preskrbljenost z jodom in vnos soli foivenskih adolescentih. 22
Dokt. disertacija. Ljubljana, Univ. v LjubljariBiotehniska fakulteta, 2011

M. Stimec et al. / Nutrition Research 29 (2009) 888-896 889

decreased to 22.4% among schoolchildren by 1959 [4]. In
1999, the obligatory table salt iodization was increased to 25
mg KI per kilogram of salt [5]; and a new regulation on salt
iodization was implemented in 2003 and 2004 [6,7].
Thereafier, besides table salt, all salt sold for the food
industry in Slovenia, except sea salt, was required to be
supplemented with iodine (25 mg KI per kilogram of salt; ie,
32 mg KIO; per kilogram of salt). We recently found that
Slovenian adolescents are iodine sufficient (median urinary
iodine concentration of the population is 140 ug/L,
prevalence of goiter is <1%, and median iodine intake is
=150 upg/d) [8,9], demonstrating that the salt iodization
program was successful.

CINDI (Countrywide Integrated Noncommunicable Dis-
eases Intervention) Slovenia carried out the nationwide study
on saltintake in Slovenian population in 2008, where sodium
content in 24-hour urine samples was measured [10]. The
average salt intake of adults aged 25 to 65 years was 12.6 g/d
(150% above the recommended limit) [10]. Based on above
observations, we hypothesized that iodine sufficiency in
Slovenian adolescents was achieved as a result of exorbitant
salt intake. Conclusive evidence has demonstrated the
adverse effects of excessive dietary sodium consumption on
blood pressure. Multiple observational studies show clear
associations between sodium consumption and cardiovascu-
lar disease, as well as gastric cancer, osteoporosis, cataracts,
kidney stones, and diabetes [11]. Chronic diseases are
growing at an alarming rate. In 2005, 35 million people
died from chronic diseases, which represent 60% of the total
number of deaths (58 millions) in that year. Of all the deaths
from chronic diseases in 2005, 30% were due to cardiovas-
cular diseases [11]. In addition, cardiovascular diseases are
the leading cause of death in Slovenia (40% of all deaths)
[12]. For proper health, it is important to achieve the correct
balance between iodine and salt intake. The implementation
of a universal salt iodization program should not encourage
adolescents and other age groups to misunderstand that
increased salt consumption is needed to prevent iodine
deficiencies. The World Health Organization (WHO) warns
that there are limited data on the salt consumption of children,
and only a few countries have recommendations for salt
intake in children and adolescents. This age group should not
be neglected in terms of salt consumption recommendations
when nutrition policies are being developed. Slovenia is
about to adopt the joint WHO/Food and Agriculture
Organization (FAQ) recommendations, with a population
nutrient intake goal for salt of less than 5 g/d (or 2 g sodium
per day), where the salt is iodized [13]. The salt intake
reduction program began in 2007, in accordance with the
Food and Nutrition Action Plan for Slovenia 2005-2010 [12].

To test our hypothesis in the present study, we investigated
the relationship between iodine and salt (ie, sodium) intake in
Slovenian adolescents, investigating specifically whether
sufficient iodine intake results in an undesirably high salt (ie,
sodium) intake. We also assessed which foods contributed
most to the iodine and sodium consumption of Slovenian

adolescents. One of the basic principles in human nutrition is
to ensure the proper balance between the intakes of all
nutrients. The results presented in this paper are highly
relevant in presenting an unfavorable imbalance between
iodine and sodium intake. In light of this result, we propose
several nutritional interventions for ensuring an adequate
iodine intake while reducing salt intake below the upper limit
allowed. The proper relationship between iodine and salt (ie,
sodium) intake should be further investigated in other age
groups in Slovenia (ie, pregnant women, children, elderly) as
well as in those countries where table salt iodization has been
applied to combat iodine deficiency.

2. Methods and materials

The investigation was conducted in all 10 geographical
regions of Slovenia (Kranj, Maribor, Ljubljana, Krsko,
Celje, Murska Sobota, Novo mesto Ravne, Koper, and Nova
Gorica) at regional health centers between February 2003
and April 2005; and therefore, the results are representative
of the entire country. A total of 2813 adolescents
(representing 10% of all 15-year-old Slovenian adolescents)
were recruited through a regular systematic medical
examination before entering high school. For each region,
the number of adolescents was determined proportionately to
the number of inhabitants in that region. Adolescents were
consecutively selected until the participant quota for each
particular region was reached. To represent all socioeco-
nomic groups, adolescents from all of the various different
educational programs were selected. Approximately 95% of
the recruited adolescents (2661 individuals) provided
consent to participate and completed the FFQ (participated).
Of those, B0 (3% of participated) were excluded because of
age greater than or equal to 17 years; and an additional 96
(4% of participated) were excluded because of incomplete
FFQs (4 or more invalid answers: missing frequency or
multiple marks for frequency [9]). Among the remaining
2485 adolescents, there were 1370 girls and 1115 boys aged
14 to 17 years (mean age + SEM of 15,5+ 0.1 and 15.6 +0.1
years, respectively). The majority of adolescents originated
from urban areas (n = 1413 vs n = 1072 from a rural area). A
subgroup of 197 adolescents with suspected goiter and their
controls [8] additionally completed 3-day weighted dietary
protocols (3DPs), from which 191 were correctly completed
and analyzed (6 were excluded because of missing
recordings of consumption for 1 or more days [9]). The
whole course of the study was in detail described previously
[9] and also graphically presented.

Our study used the Harvard University Food Frequency
Questionnaire (FFQ), which was developed by Willet [14]
and was described by Thompson and Byers [15]. At Harvard
University, several versions of the FFQ have been
developed; and numerous validation studies have been
reported [15]. The questionnaire was designed to assess the
nutritional habits during the past year and was modified to
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additionally assess table salt intake. In addition to the 72
most commonly eaten food items in Slovenia, representing
all food groups, the FFQ also included 10 types of table salt
sold on the Slovenian market. The food items listed in the
FFQ were milk/milk products (15 questions), meat/meat
products (10 questions), fish/fish products (5 questions), fats
(6 questions), starch foods (12 questions), vegetables
(9 questions), fruits/nuts (8 questions), beverages (7 ques-
tions), and table salt (10 questions with color pictures of the
products). We distinguished between:

1. table salt (salt added to food at the table and/or added to
food as a part of the recipe in preparing food at home,
in a canteen, or in a restaurant) and

2. salt from foods (salt naturally occurring in unprocessed
foods and salt from manufactured foods).

The frequency of consumption for each food ranged from
never or less than once per month to 6 or more times per day
distributed over 9 categories. Before completing the FFQ at
regional health centers, a short oral instruction was provided
to adolescents on how to fill out the FFQ. The instruction
was also written on the first page of the FFQ [9].

The total daily salt intake (= table salt + salt from foods)
was calculated based on sodium intake. For the conversion
from sodium to sodium chloride (ie, salt), a factor of 2.54
was used [16,17]. In accordance with WHO, we use the word
salt to refer to sodium chloride intake [11].

Food intake was calculated for each adolescent based on
the frequency of consumption and the portion size of the
specific foods. Previously [9], we used portion sizes
provided in the semiquantitative FFQ [18] to calculate
food intake. However, in the present paper, this method was
improved. For foods that normally occur in natural units (eg,
milk, fruit, drinks), the portion sizes were based on assumed
standard sizes [18]. For the remaining foods without natural
units (eg, meat, lettuce, rice, pasta) the portion sizes were
determined from the 3DPs similar to those described in the
literature [14], which were completed by a subsample of
adolescents with suspected goiter and their controls (n=191)
[8.9]. The 3DPs were carried out at home after individual
oral instructions from dietitian at University Children’s
Hospital, Ljubljana. Adolescents received also written
instructions on how to complete the 3DP on each page of
the dietary records with an example of completed dietary
record. They were asked to weigh and record the exact
amount of all foods consumed, including table salt, fats, and
beverages (quantity in grams, milliliters, or household
measures), and to name the corresponding brands and type
of the product (eg, fat content of milk). In addition,
adolescents were asked to write the recipes for the foods
cooked at home. From these data, the average portion sizes
for foods without natural units, included in the FFQ, were
calculated separately for both girls and boys and were
applied to calculate food intake.

The FFQs were evaluated by nutritionists at the University
Children’s Hospital in Ljubljana with the assistance of
nutrition database software (Prodi 5.2 expert plus, Stuttgart,
Germany). This software is based on the German nufrient
survey consisting of (@) Bundeslebensmittelschliissel, ver-
sion II 3, Berlin, 1999 (about 1600 food items); () Souci,
Fachmann, Kraut, Nihrwerttabellen, Stuttgart, 2000 (about
900 food items); and (c¢) industrial products and dietetic food
(about 6500 food items) [19]. We added values for the iodine
content of all table salts sold in Slovenia [9].

The absolute intake of iodine and sodium for each
adolescent was calculated from the frequency of consump-
tion (FFQ), the portion size (FFQ, 3DP), and the iodine and
sodium content of the specific food item [14]. Mean
food/food group intake and their contribution to the mean
daily iodine and sodium intake were calculated for girls and
boys separately as well as for all adolescents together.
Contributions are expressed as mean values in micrograms
per day and as a proportion of the mean daily calculated
iodine intake.

lodine intake was calculated as the absolute daily intake
(micrograms per day) and as the iodine density (iodine intake
in relation to energy intake, micrograms per megajoule) and
was compared with the German Nutrition Society/Austrian
Nutrition Society/Society for Nutrition Research/Swiss
Nutrition Association reference values for nutrient intake
(Swiss) [16,17] and the WHO [20] recommendations. Total
salt intake was compared with the WHO/FAO recommended
upper limit [11].

The Ethical Committee of the Medical Faculty of the
University of Ljubljana approved the study protocol (84/06/
02), and written informed consent was obtained from the
parents of all participating adolescents.

2.1. Statistical analyses

Statistical analyses were performed with the Statistical
Package for Social Sciences (SPSS version 16.0.1, Chicago,
IL), and statistical methods used in this study are described in
the manual included in the software [21]. All analyses were
proposed and partly preformed by the Institute of Biomedical
Informatics, Medical faculty, University of Ljubljana. Results
are presented as the mean+ SEM and as proportions. To check
the normal distribution of the variables, the Shapiro-Wilk and
Kolmogorov-Smimov tests were applied. The Mann-Whitney
test was applied to compare the food, iodine, sodium, and salt
intake between sexes. In addition, the Wilcoxon signed rank
test was used to compare actual iodine and salt (ie, sodium)
intake with the recommended values. In all analyses, the level
of significance was considered as P < .05.

3. Results
3.1. Iodine and salt intake in Slovenian adolescents

The daily intake of foods and the calculated intake of
iodine for adolescents are presented in Table 1 (mean + SEM
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Table 1

Daily intake of food and iodine from different food groups by Slovenian adolescents (n= 1370 girls, n = 1115 boys, n = 2485 all)

Food Food intake (g/d) P value for lodine intake (ug/d) P value for Proportion of
differences differences iodine intake
between sexes between sexes (%)

Girls Boys All Girls Boys All Girls Boys All

Table salt 3.7+0.1 3601 3701 <001 73.6+£22 685+25 T714=x1.6 <.001 40 35 37

Beverages 16276 +31.1 1719.8 £38.1 1669.0+242 .27 41108 41509 41306 .69 22 21 22

Drinking water 6134 +123 5141+13.9 5688+93 <001 17804 149+04 165+0.3 <.001 10 8 8

Tea 189.4+7.1 179975 1852 +52 .87 93+03 8804 9.1=x03 .87 5 5 5
Soft drinks 351.6 134 5033178 419.7=11L0 <001 6502 9303 7702 <.001 3 5 4
Fruit 3158+93 3563116 3340x73 .04 6.6 02 7502 7.0x02 .15 4 4 4
juices/nectars

Mineral water 157.5+8.0 166.2 £ 8.5 161458 <001 0.9 =00 1.0£0.1 1.0 £ 0.0 <.001 1 1 1

Milk/milk 416.0£109 5395169 471497 <001 32808 42112 37.0x07 <.001 18 21 19

products

Milk 241.6+79 3354+ 118 2837+69 <001 172+06 239+0.8 202+0.5 <001 9 12 11
Fermented milk ~ 157.0+5.3 184.0 £ 8.0 169.1 4.6 16 10504 12305 11303 .19 6 6 6
products

Cheese and 174 £0.6 20.1 0.7 186 £0.5 <.001 51+02 6.0+£02 55+01 <.001 3 3 3
cream

Bread/other 354682 5587=134 445278 <001 8.6=02 12703 104=x02 <.001 5 7 5

starch foods

Bread 1856 +4.7 280.8+72 2283+43 <001 49=0.1 73+£02 6.0£01 <.001 3 4

Other starch 169.1 £54  277.9+95 217.9=53 <001 3.6=0.1 55+£02 45+£01 <001 2 3 2
food

Fruits 4778 £15.1 406.1 =164 4456 =11.2 <001 91x03 80x03 86+02 <001 5 4 5

Fish/fish products 440 +2.6 57.1+39 499+23 <001 7006 85+07 7.7+04 004 4 5 4

Vegetables 164455 2264 =8.1 1922 =48 <001 5602 7703 65+02 <.001 3 4 4

Meat/meat 85.1+£2.9 149856 1141=31 <001 3.1+0.1 45x0.1 3701 <.001 2 2 2

products

Other foods® 1166 +3.8 1188 +3.8 117.6 £2.7 34 3.1+0.1 3.1+0l1 31+001 46 2 2 2

Total intake

184.0=3.2 196741 189726 .04

Values for food intake and iodine intake are expressed as means = SEM. For comparison of food and iodine intake between sexes, Mann-Whitney test was used.
* Ice cream, pork fat, sunflower oil, olive oil, rape oil, butter, margarine, pastry, and salty snack products.

and proportions of the daily iodine intake). The intake of
iodine in all adolescents was 189.7 + 2.6 ug/d, with 118.3 +
1.6 ug/d originating from foods (63% of iodine) and the
remaining 71.4 £ 1.6 pg/d from table salt (37% of iodine).
Table salt (33% of total salt intake), with its intake of 3.7 +
0.1 g/d, was the main source of iodine among adolescents of
both sexes. The second and third main food sources of iodine
in both sexes were beverages and milk/milk products,
contributing 22% and 19% of the daily iodine intake,
respectively. Other food sources contributed between 2%
and 5% to the mean daily iodine intake (Table 1).

Girls demonstrated a lower daily energy intake than boys
(mean £ SEM, 9.9+ 0.2 vs 12.9+ 0.3 MJ/d; sex comparison,
Mann-Whitney test, P < .001) and consumed smaller or
equal (no significant difference) amounts of all foods, with
the only exceptions being a higher intake of table salt (3.7 &
0.1 vs§ 3.6 £ 0.1 g/d, P < .001), drinking water (613.4 +12.3
vs 514.1 + 13.9 g/d, P < .001), and fruits (477.8 + 15.1 vs
406.1 £ 16.4 g/d, P < .001) compared with boys (Table 1).
Daily iodine intake was lower among girls compared with
boys (184.0 + 3.2 and 196.7 + 4.1 ug/d, P <.05, Table 1).

The daily intake of foods and the calculated intake of
sodium for adolescents are presented in Table 2 (mean £ SEM
and proportions of the daily sodium intake). The daily sodium

intake in boys was higher than that in girls (4.5+£ 0.1 vs 3.7+
0.1 g/d, P<.001, Table 2;ie, 11.5+ 0.3 vs 9.4 £ 0.2 g of total
salt per day). The top 6 contributors to sodium intake were
table salt (33%), bread (24%), salty snack products (10%).
meat products (ie, sausages, salami, meat pasties; 8%), fish
products (ie, canned fish, fish paste; 6%), and milk (4%),
together contributing 85% of the daily sodium intake. Salt
intake (mean + SEM) from foods was 6.9 & 0.1 g/d (67% of
total salt intake), and the total salt intake was 10.4 + 0.2 g/d.

3.2. Contribution of different foods to the mean daily iodine
and salt intake in Slovenian adolescents

A comparison of the contribution of different foods/food
groups to iodine and total salt intake (calculated from sodium
intake) is presented in Fig. 1. Fig. 1 illustrates the importance
of different foods for daily iodine intake and, on the other
side, the importance for daily salt intake. This illustration is
important for proposing potential methods for reducing the
total salt intake while ensuring adequate iodine intake. Table
salt was the main source of iodine (mean+ SEM, 714+ 1.6
ug/d; 37% of total iodine intake) and was also the most
important contributor to total salt intake (3.4 £ 0.1 g/d, 33%
of total salt intake). Beverages contributed considerably to
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Table 2

Daily intake of food and sodium from different food groups by Slovenian adolescents (n = 1370 girls, n = 1115 boys, n = 2485 all)

Food Food intake (g/d) P value for Sodium intake (mg/d) Pvalue for  Proportion of
differences differences  sodium intake
between between (%)

Girls Boys All X Gitls Boys All RS Girls Boys All

Table salt 3.7+01 3.6£0.1 37+£0.1 <.001 1379.5£42.4 13194 +£49.9 13525 +£32.4 <.001 37 29 33

Bread/other 3546 £82 5587+ 134 445278 <.001 932.5+£23.0 14608 £37.8 1169.6+21.8 <.001 25 32 29

starch foods
Bread 185.6 4.7 2808+ 7.2 2283+43 <.001 790.2+£20.1 1196.5+30.8 9725+ 18.2 <.001 21 26 24
Corn flakes 148 0.8 275+ 1.8 20509 <.001 138473 2579165 192,085 <001 4 6 5
Muesli/rice/ 1543 +£5.0 2504 £ 8.7 197449 <.001 3901 6.5+0.2 5101 <001 0 0 0
pasta/potato

Salty snack 222+1.1 239+13 230+ 08 <001 3973 +19.8 4279+227 411.0 £ 149 <001 11 9 10

products

Meat/meat 85.1+29 1498+ 5.6 4.1 3.1 <001 307.2+12.4 4987250 3932 +13.3 <001 8 11 10

products

Meat products 203+13 462+2.6 369+1.4 <001 2694 +11.7 4285+239 3408 £12.6 <001 7 9 8

Meat 559+20 103.6+42 77.3+£23 <.001 37.8+13 703+3.0 52415 <001 1 2 1

Milk/milk 416.0 109 5395169 4714+£97 <.001 2804+74 3500+ 10.4 315.7+£63  <.001 8 8 8

products

Milk 241679 3354+118 283769 <.001 131.0 £4.3 1823 £ 6.6 1540 £3.8 <001 4 4

Fermented 157.0+53 184080 169146 .16 T1.7+24 83.8+3.7 77.1£21 20 2 2 2
milk products

Cheese and 174 £0.6 20.1 £ 0.7 18605 <.001 7.7 +£3.7 929+4.2 845+£28 <001 2 2 2
cream

Fish/fish 44.0= 2.6 57.1+39 499+£23 <001 2492+ 188 2733+ 189 2600+134 .05 7 6 6

products
Fish products 242+ 19 27.1+21 255+ 14 .09 2364 +184 2542+ 181 2444130 27 6 6 6
Fish 198+ 1.0 30025 244+ 1.3 <.001 128+0.7 19.1 £ 1.6 15.7+08 <00l 0 1] 0

Beverages® 16276 £31.1 1719.8+38.1 1669.0+242 27 570+ 1.6 659+19 61.0+1.2 <001 2 1 1

Vegetables 1644 +55 2264 £ 8.1 1922+ 48 <001 479+24 67.7+3.2 56.7+2.0 <001 1 2 1

Pastry, ice 78.7+£3.0 719+29 78.3+2.1 006 474+ 18 472+ 18 473+13 03 1 1 1

cream

Other foods” 493.4+152 4230166 4619113 <.001 13.7+£04 125+ 05 13.2+£03 <001 0 0 0

Total intake 3712.1 £81.8 45325+ 1045 40802 +655 <001

Values for food intake and sodium intake are expressed as means = SEM. For comparison of food and sodium intake between sexes, Mann-Whimey test
was used.

* Drinking water, tea, soft drinks, fruit juices/nectars, and mineral water.

" Qils, butter, margarine, pork fat, and fruit.

iodine intake (41.3 + 0.6 ug/d, 22%), but poorly to total salt
intake (0.1 £ 0.0 g/d, 1%). Similarly, milk/milk products
were the third most important source of iodine (37.0 +
0.7 pg/d, 19%), but were a low source of salt (0.8 & 0.0 g/d,
8%). Bread/other starch foods were the second largest source
of salt (3.0 £ 0.1 g/d, 29%). Bread alone contributed 83%
within this group, whereas their contribution to iodine intake
was rather low (10.4 + 0.2 pg/d, 5%). A similar high-salt/
low-iodine contribution was also observed for fish/fish

6.5 + 0.2 ug/d, 4%) than to salt intake, which was almost
negligible (<2%) (Tables 1 and 2, Fig. 1).

3.3. Comparison of iedine intake with recommendations;
absolute intake and iodine densities for girls and boys

The mean iodine intake of Slovenian adolescents (189.7 +
2.6 ug/d) was above the recommended 150 pg/d (compar-
ison to recommendation, Wilcoxon signed rank test, P <

products (salt contribution, 0.7 £ 0.0 g/d, 6%; iodine
confribution, 7.7 + 0.4 ug/d, 5%) as well as for meat/meat
products (salt contribution, 1 + 0.0 g/d, 10%; iodine
confribution, 3.7 £ 0.1 ug/d, 2%). In both cases, the majority
of salt originated from the products (contribution within the
group: fish products, 94%; meat products, 87%). Salty
snacks contributed almost exclusively to salt intake and were
the third largest source of salt (1 + 0.0 g/d, 10%) but
contributed less than 1% to iodine intake. Among the
remaining food groups, fruits and vegetables contributed
more to iodine intake (fruits, 8.6 + 0.2 ug/d, 5%, vegetables,

.001) [16,17,20]. The iodine densities (in micrograms per
megajoule) were also well above the recommendations
[16,17]. For girls younger and equal or older than 15 years,
the mean calculated iodine densities were 131% (20.9 £ 0.8
ug/MJ) and 117% (20.6 = 0.3 ug/MI) of the recommended
levels (of 16 and 18 ug/MIJ; comparison to recommendation,
Wilcoxon signed rank test, P < .001), respectively [16,17].
In boys, those younger and equal or older than 15 years had a
mean calculated iodine intake per energy ratio of 123%
(15.8 £ 0.6 pugMI) and 121% (16.6 + 0.2 ug/MIJ),
respectively, of the recommendations (of 13 and 14 ug/
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Confribution of foods to mean daily iodine intake
(uglday)

Contribution of foods to mean daily salt intake
(g/day)

JTable salt

[ElBeverages
SMilkavilk products
[MBread/other starch foods

L3 Fruits
P Fishffish products
BElvegetables
HMeatimeat products
B salty snack products
Fother foods 2
8 60 40 20 0 1 2 3 3

Fig. 1. Comparison of the contribution by foods/food groups to the mean daily iodine and salt intake, calculated from the FFQ in Slovenian adolescents (n =
2485). “lee cream, pork fat, sunflower oil, olive oil, rape oil, butter, margarine, and pastry. Bars represent the mean values. Each bar represents different food as
listed and marked in the figure. On the left side from abscises, the mean values for iodine contribution of listed foods to total mean daily iodine intake (mean +
SEM, 189.7 £2.6 ug/d) are presented in micrograms per day. On the right side from abscises, the mean values for salt contribution of listed foods to total mean
daily salt intake (mean = SEM, 10.4 + 0.2 g/d) are presented in grams perday. For example, milk and milk products contribute 37.0 £ 0.7 pg ofiodine per day and
0.8 £0.0 g of salt per day; this indicates that milk and milk products are important sources of iodine (19% of total iodine intake) and low sources of salt (8% of

total salt intake).

M1I; comparison to recommendation, Wilcoxon signed rank
test, P < .001) [16,17].

4. Discussion

For the first time, data on goiter prevalence and urinary
iodine excretion in Slovenia [8] are accompanied by a
nutritional survey on iodine and salt intake in adolescents.
The present study provides information on iodine and salt
intake and their dietary sources in view of the salt-reducing
campaign. The findings presented herein are highly relevant
for the development of strategies to reduce the total salt
intake of Slovenian adolescents.

Previously [8,9], we showed that Slovenian adolescents
attained iodine sufficiency as a result of the obligatory salt
iodization program. In the present study, we found that the
iodine intake and iodine densities are above recommended
values, which is in accordance with our previous findings.
As expected, girls displayed a lower energy intake and
consumed smaller amounts of most foods. Consequently,
iodine intake was also lower in girls than in boys but was still
well above the recommended value. Similar results have
been reported in other countries, such as Switzerland [22,23]
and Austria [24], where strategies to combat iodine
deficiency disease were applied. The present study demon-
strates that iodine sufficiency in Slovenian adolescents is

reached at the expense of a significantly elevated total salt
intake (108% above the recommended upper limit).

We found that salt intake had a decisive influence over
iodine intake in both sexes. With this in mind, we aimed to
compare the suitability of the total salt intake of Slovenian
adolescents (= table salt + salt from foods) compared with
the most recent recommendations. We compared the salt
intake of Slovenian adolescents using the joint WHO/FAO
recommended upper limit, which states that the population
nutrient intake goal for salt should be less than 5 g/d [13].
Compared with this WHO/FAO recommendation, the mean
intake of salt in all Slovenian adolescents (10.4 £ 0.2 g/d) is
too high (208% of the recommended upper limit; compar-
ison to recommendation, Wilcoxon signed rank test, P <
.001), with this intake being more significant in boys than in
girls (11.5 + 0.3 vs 9.4 + 0.2 g/d: sex comparison, Mann-
Whitney test, P < .001; 230% vs 188%). The reported total
salt intakes of adolescents from other countries are also
predominantly higher than the WHO/FAO recommended
upper limit [13], with the exception of Greek girls who
display suitable intake (4.6 g/d) [25]. The highest salt intake
was reported for Russian boys (11.8 g/d) [25], which is
similar to the figure found for boys in Slovenia in the
present study (11.5 £ 0.3 g/d). In concordance with our
study, studies from most other European countries have also
found higher sodium intake among boys compared with
girls [25].
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We detected an imbalance between iodine and total salt
intake in Slovenian adolescents. Although iodine intake
was adequate (27% above the recommendations
[16,17,20]), total salt intake was evidently too high
(108% above the recommended upper limit [13]) and
should be reduced. The main sources of salt in Slovenian
adolescents were table salt (33%), bread (24%), salty snack
products (10%), meat products (8%), fish products (6%),
and milk (4%). Together, these foods contributed 8.9 + 0.1
(mean &+ SEM) g of salt to the daily intake of Slovenian
adolescents. Table salt and milk were also among the most
important sources of iodine (37% and 11%), whereas
bread, salty snack products, meat products, and fish
products contributed much less (together, 7%). The low
confribution of bread, salty snack products, meat products,
and fish products to iodine intake is due to the use of
noniodized sea salt in the industry, which has a very low
iodine content [26].

If an effort to reduce the total salt intake of Slovenian
adolescents was made by avoiding only one of the main
dietary sources, table salt (contributing 33% to total salt
intake), the goal for total salt intake of less than 5 g/d
would still not be reached; if all table salt consumed by
Slovenian adolescents was to be excluded from their diet,
the total salt intake would still be 6.9 g/d (38% above the
recommended upper limit <5 g/d) [13]. whereas iodine
intake would decrease to 118.3 ug/d (=189.7 — 71.4 ug/d,
21% below the recommendations) [16,17,20]. Table salt is
an important concentrated source of iodine in Slovenia, as
all table salt sold in the country must be iodized by law
with 19 mg iodine per kilogram of salt [6,7]. Therefore,
decreasing the intake of table salt, without further
increasing the iodine content of table salt or implementing
other dietary measures, would endanger the sufficient
iodine status of Slovenian adolescents. Measures to reduce
salt intake should be accompanied by adequate monitoring
of the iodine intake, especially in groups at higher risk,
such as infants, children, adolescents, and pregnant and
lactating women. In addition, data on the iodine content of
foods and water in Slovenia are needed for the iodine
intake of the population to be followed more precisely.
Based on our findings, we propose some potential methods
for reducing the total salt intake while ensuring adequate
iodine intake:

1. Table salt intake should be reduced at home, at school,
and in restaurants.

2. Consumption of salty snack products (ie, crackers,
potato chips, and snack extrudates) should be reduced
to minimum or zero, which would also contribute to a
healthier diet without decreasing iodine intake.

3. Consumption of “low-sodium/high-iodine food
sources” such as sea fish, fruits, and vegetables should
be promoted and increased.

4. Enrichment of one commonly consumed food source,
such as bread or milk, with 1odine should be considered.

5. Further increases of the iodine content of table salt, as
well as iodization of sea salt, as a part of the obligatory
salt iodization program, should be considered.

6. In cooperation with the food industry, the salt content
of bread, meat products, and fish products should be
reduced, as has similarly been carried out in other
countries (ie, the United Kingdom and Finland).

Salt intake reduction programs should be carefully
planned. Besides nutritional guidelines, they should also
include school education programs and consumer education.

Although our results are highly relevant for developing
the salt reduction programs, some limitations must be
considered. The method used to assess iodine and salt intake
(FFQ) was indirect and was therefore not the criterion
standard. The FFQ tends to overestimate iodine intake [27]
and underestimate sodium intake when compared with the
24-hour urine collections [11]. We assume, therefore, that
the actual imbalance between iodine and total salt intake of
Slovenian adolescents might be even larger.

Regarding the iodine contributions of various food
sources in the nutrition of Slovenian adolescents, some
uncertainty exists concerning the dominant contribution of
beverages, especially drinking water and milk/milk products,
as the iodine content of these foods can vary with
geographical regions [28-31] and seasons [30-32]. At the
same time, there are no representative data on the iodine
confent of Slovenian drinking water and milk/milk products.
Therefore, we had to use the German food composition
database, which shows considerable similarity to the
composition of Slovenian foods that have been analyzed up
to now and is the most widely used database for both research
and clinical practice in Slovenia. Experiences from other
countries indicate that milk/milk products [33-35] and
beverages [35] contribute significant amounts of iodine to
the daily iodine intake.

One of the main strengths of our study is that itis based on
a large national representative sample, including approxi-
mately 10% of all 15-year-old Slovenian adolescents from all
10 Slovenian regions, as well as from all socioeconomic
groups and both rural and urban areas. An additional strength
is the extremely high participation rate (95% of those invited
agreed to participate), combined with a very low fall-off rate
(4%, from all participating adolescents aged 14-17 years (n =
2581); 96% completed a valid FFQ).

In summary, we found an imbalance between iodine and
salt intake in Slovenian adolescents. These adolescents are
1odine sufficient [8,9]; but their salt intake is significantly
above (108%) the upper recommended limit, where this is
more marked in boys (130%) [13]. Most iodine originates
from table salt, contributing 37% to the daily intake. To
reduce total salt intake to less than 5 g/d [13] while still
meeting sufficient iodine intake (150 ug/d [16,17,20]), we
propose several interventions: (1) reduction of table salt intake
while increasing obligatory salt iodization; (2) lowering the
salt content of processed foods (eg, bread, meat products, and
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fish products); (3) a drastic reduction of salty snack intake
accompanied by an increase in the consumption of “iodine-
rich, low-salt” healthy foods (eg, sea fish, fruits, and
vegetables); and (4) enrichment of one commonly consumed
food source (ie, bread or milk) with iodine.

We conclude that monitoring the iodine supply in
Slovenia should be combined with monitoring the total salt
intake. In addition, current recommendations for salt
fortification must be revised. In the future, the assessment
of table salt intake should be improved; and a database
containing the iodine content of Slovenian foods would be of
great value.
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3 RAZPRAVA IN SKLEPI

3.1 RAZPRAVA

Doloceno podroje je opredeljeno kot endeénmio za golSoge ima golSo vé kot 5 %
Soloobveznih otrok (WHO ..., 1994) i¥e je mediana koncentracije joda v urinu v
populaciji manj kot 100 pg/l (WHO ..., 2001). Dodateodolaieno podréje opredeljeno
kot endemino, ¢e ima ve kot 20 % populacije koncentracijo joda v urinu kot 50
png/l (WHO ..., 2001). V naSi raziskavi je imelo z pmim vratu ugotovljen sum na
poveano $itnico 90 (2,4%) od 2464 adolescentov. Med 90 at@leti S sumom na
poveano €itnico je bila poveéana gitnica z ultrazvokom potrjena le pri 24 adolesdenti
(0,9 %). Na osnovi ultrazéoaega merjenja velikosticEnice v podskupini nakljgno
izbranih adolescentov (n=108) je bila poéaea sitnica ugotovlijena pri 4,6 %
adolescentov (n=5) (Kotnik in sod., 2006). Razlk@ogostosti pow&ane $itnice med
obema metodama je verjetno posledica tezjega zamjmwmejno pov&ne §itnice z
otipom vratu, ki je bila verjetno v nekaterih prinie spregledana. Korelacija med
poveano €itnico dolateno z otipom vratu in po¥ano $itnico dolateno z ultrazvokom
je bila le 40 %. Slaba korelacija med metodam ja bgotovljena tudi v podobni Studiji
pogostosti golSavosti med adolescenti v Italijanskgiji Veneto, kjer je le 30 %
adolescentov s sumom na péaeo €itnico stopnje 1A in le 25 % adolescentov s sumom
na poveéano $itnico stopnje 1B dolkeno z otipom vratu imelo tudi dejansko péaeo
&itnico izmerjeno z ultrazvokom (Busnardo in sod032). Da je ultrazvok bolj aotljiva

in nataina metoda za dotanje velikosti &itnice v primerjavi z otipom vratu je bilo
ugotovljeno v ve raziskavah (Delange in sod., 1997; Lisboa in sb896; Vitti in sod.,
1994; Berghout in sod., 1987), naSi rezultati pdddatno potrjujejo.

Mediana koncentracije joda v urinu pri slovenskdolascentih je znaSala 140 pg/l. V
nobeni izmed slovenskih regij mediana koncentrgoga v urinu ni bila pod mejo 100
pg/l. Delez adolescentov s koncentracijo joda ywwmmanj kot 50 upg/l je bil 2,5 %
(Kotnik in sod., 2006). Koncentracija joda v urimuvelikost $itnice pri posameznikih
znotraj preiskovane skupine nista bila v korelagigdobno kot v nekaterih drugih Studija
(Busnardo in sod., 2003; Semiz in sod., 2000), j&averjetno posledica dnevnih nihaj
koncentracije joda v urinu pri posameznikih (Rassensin sod., 1999; Als in sod., 2000).
Kljub temu je splosno znano, da je merjenje komaeije joda v enkratnem vzorcu urina
zelo uporabna metoda v epidemioloskih Studijah immgnnim Stevilom preiskovancev
(Delange in sod., 2002; Busnardo in sod., 2003;iKumssod., 2003; Wiersinga in sod.,
2001). Pri 24 adolescentih s potrieno p@re $itnico je bila mediana koncentracije joda
v urinu 140 pg/l in se ni razlikovala od celotngplacije (Kotnik in sod., 2006). Glede na
slabo korelacijo med koncentracijo joda v urinu welikostjo &€itnice rezultat ni
presenetljiv in verjetno izmerjena vrednost ne gmike dejanskega vnosa joda
adolescentov s povano $itnico. Od leta 1991, ko je bila pogostost golSavqsi
adolescentih ocenjena na 12 % (median koncentrg@ga v urinu je bila 60 pg/g
kreatinina) (Porenta in sod., 1993), se je v Slgvemeskrbljenost z jodom med
adolescenti atutno izboljSala, kar potrjuje, da je bilo poviSaojeveznega jodiranja soli
leta 1999 (Pravilnik ataju, gorici, jedilni soli, pecilnem praSku, prasku za puglim
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vanilijevem sladkorju, 1999) uspesno. Podobno le bgotovljeno v drugih drzavah, kjer

je jodiranje soli glavna strategija za zagotavgamadostne preskrbljenosti z jodom (Lind
in sod., 2002; Hess in sod., 2001; Eichholzer M)3®0Pogostost golSavosti v nasi Studiji
(opravljeni od leta 2003 do leta 2005) je pod 5riediana koncentracije joda v urinu je
140 pg/l (v nobeni od regij ni pod 100 pg/l) in2é % adolescentov ima koncentracijo
joda v urinu pod 50 pg/l. Rezultati kazejo, da kxwwenski adolescenti dosegli zadostno
oskrbo z jodom, ter da v Sloveniji ni regij z neastho preskrbljenostjo z jodom.

Do sedaj pri slovenskih adolescentih ni bilo razisk kakSen je vnos joda z Zivili in
kateri so glavni viri joda v njihovi prehrani. Préako Se ni bilo raziskano ali je vnos joda
v tej demografski skupini v skladu z najnovejSinmipprccili. Vnos joda s hrano smo
ugotavljali s pomgjo FFQ pri vseh adolescentih (n=2485) in v podskupdolescentov
tudi s pomgjo 3DP (n=191). Mediana (povpie) vnosa joda dolenega iz FFQ je
znaSala 155,8 pug/dan (185,6 pg/dan), ¢eega iz 3DP pa 112,8 pg/dan (116,5 pg/dan)
(Stimec in sod., 2007). Do razlik v vnosu joda émraanih po obeh metodah verjetno
prihaja ker FFQ odraza vnos hrane v dalj$asovnem obdobju, 3DP pa opisuje trenutne
prehranske navade (Willett, 1998). Dodaten razkgazlike je lahko tudi manjSe Stevilo
adolescentov v podskupini, ki je izpolnjevala 3DPheterogenost znotraj te skupine (od
191 adolescentov je bilo 166 deklic). V naSi raaiskrezultati na osnovi FFQ bolje
prikazuje dejanski vnos joda pri slovenskih adaesit, ceprav je 3DP opredeljen kot
bolj natakna metoda in se velikokrat v kombinaciji z drugimetodami uporablja kot
referertna metoda za evaluacijo FFQ (Brussaard in sod.Z;1R@smussen in sod., 2001).
FFQ je bil izveden na velikem reprezentativnem waprodraza prehranske navade v
daljSemc¢asovnem obdobju in je bil nataro prilagojen za potrebe naSe raziskave. Da
FFQ daje viSje rezultate za vnos joda v primerg@@DP so ugotovili tudi Rasmussen in
sod. (2001).

Raunanje vnosa joda iz FFQ in 3DP je pogosto mangglino zaradi omejitev z bazo
podatkov o sestavi Zivil. Pri iz¢anih se tako ne upoSteva regionalnih in sezonskian
vsebnosti joda v Zivilih in izgub pri pripravi hrar{Kubler in sod., 1997). Poleg tega je
tezko natatno dolaiti vnos soli. Kljub temu sta FFQ in 3DP velikokraporabljena v
raziskavah vnosa joda s hrano (Brussaard in s687;IRasmussen in sod., 2001; Manz in
sod., 2002; Skeaff in sod., 2002; Rasmussen in, 02; Fuse in sod., 2003) in
omogaata dol@itev glavnih virov joda v prehrani. Glavni vir jodaprehrani slovenskih
adolescentov je bila jodirana jedilna sol, ki jespevala 39 % k skupnemu dnevnemu
vnosu joda (Stimec in sod., 2007). Velik prispejedilne soli k dnevnemu vnosu joda je
bil pricakovan, saj mora biti vsa jedilna sol v Slovengdiran (19 mg joda/kg soli)
(Pravilnik o kakovosti soli, 2003; Pravilnik o ddpitvah pravilnikov s podrga
kakovosti kmetijskih pridelkov oziroma Zivil, 2004Potrebno je poudariti, da gre pri
izracunanem vnosu jedilne soli za oceno dejanskega vnBsféeretina metoda za
dolocanje vnosa jedilne soli je tehnika oZewanja soli z litjem (Melse-Boonstra in sod.,
1998; Melse-Boonstra in sod., 1999; Mustafa in s&d06), vendar je ta metoda primerna
za uporabo na manjSih vzorcih populacije in naviadialnem nivoju. V nasi raziskavi
uporabljene metode (FFQ in 3DP) so primerne zaddole vnosa soli na ¢gh vzorcih
populacije in so v skladu s podatki iz podobnind§t(Manz in sod., 2002; Wiersinga in
sod., 2001). NaSe ugotovitve, da se je pogostoktagosti drastino zmanjSala po
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poviSanju obveznega jodiranja jedilne soli z 1028amg Kl/kg soli dokazujejo, da je
jedilna sol zelo pomemben vir joda v vsakodnevreghpani, ter da je iztanan vnos
jedilne soli dobra ocena dejanskega vnosac@ga bile drugi najpomembnejsi vir joda v
prehrani slovenskih adolescentov in so prispeval&z skupnemu dnevnemu vnosu joda
(40 % od tega je prispevala voda). Tretji najpomeepd vir joda v prehrani slovenskih
adolescentov so bili mleko in ndl@ izdelki, s prispevkom 19 % (Stimec in sod., 2007
Visok prispevek pija, predvsem vode, ter mleka in riméh izdelkov je nekoliko
vprasljiv, saj v teh Zivilih vsebnost joda lahkdaaiha v odvisnosti od geografske lege
(Dellavalle in Barbano, 1984; Pedersen in sod.918&smussen in sod., 2000; Cressey,
2003) in letnegé&asa (Rasmussen in sod., 2000; Cressey, 2003; iDabtli, 2003). Hkrati

v tem trenutku v Sloveniji nimamo lastne baze pkolato vsebnosti joda v pitni vodi ter
mleku in ml€nih izdelkih, zato smo za ¢gananje uporabili vrednosti iz baze podatkov
vkljuc¢enih v prehranski program Prodi 5.0. (Nutri-Scier@04), ki temelji na Nemski in
srednjeevropski bazi podatkov. NemsSka in srednggeska baza podatkov o sestavi Zivil,
se dobro ujema s sestavo slovenskih Zivil, ki $a &nalizirana do sedaj. Je tudi najbolj
pogosto uporabljena baza podatkov v slovenskemt@rosza izvajanje znanstvenih
prehranskih Studij in atovanje klintne prehrane. Kljub temu bi lastna baza podatkov
prispevala k Se bolj natam oceni vhosa joda z Zivili. IzkuSnje iz drugitzev nakazujejo,
da pijate (Rasmussen in sod., 2002) ter mleko incnmilezdelki (Rasmussen in sod., 2002;
Dahl in sod., 2004; Haldimann in sod., 2005) pnspe veje kolicine joda v vsakodnevni
prehrani.

Leta 2004 smo v Sloveniji uradno sprejeli Reféren vrednosti za vnos hranil
(Referene vrednosti .,. 2004). Priporéena referefna vrednost za vnos joda se v
Referernih vrednostih za vnos hranil razlikuje za posameedniave. Tako se pripatena
referetna vrednost za vnos joda pri adolescentih v &igrm Avstriji, 200 pg/dan,
razlikuje od pripordene referetne vrednosti za Svico, ki znasa 150 pg/dan (Refaeen
vrednosti .., 2004). Vnos 150 pg joda na dan pri adolescemti fako pripor¢ata WHO

in FAO (2004). Visje priporglo za Nengijo in Avstrijo izhaja iz ugotovitev, da je na tem
podraju pomanjkanje joda Se zmeraj prisotno, ter dangsvstrumogenih snovi (snovi, ki
ustavijo, prepréjo ali zavirajo biosintezo&tni¢nih hormonov) s hrano visoko. Glede na
nase ugotovitve o pogostosti golSavosti, konceijitjada v urinu in vnosu joda s hrano
pri slovenskih adolescentih, lahko zaklmo, da je priporéilo 150 pg/dan za to
demografsko skupino dovolj visoko in primerno. P&épn (185,6 pg/dan) in mediana
(155,8 pg/dan) vnos joda slovenskih adolescentaimé in sod., 2007) sta nad
priporctilom 150 pg/l (Referetne vrednosti .,. 2004). Izréunan vnos joda s hrano in
ugotovljeni viri joda dodatno potrjujejo rezultabepogostosti golSavosti in koncentraciji
joda v urinu (Kotnik in sod., 2006). Iz tega lahkakljucimo, da slovenski adolescenti v
povpre&ju zauzijejo dovolj joda. Kljub temu je vnos joda &meraj zelo nizek (<50
pg/dan) ali nizek (50-100 pg/dan) pri 23,6 % invywsek (300 pg/dan) pri 11,3 %
adolescentov (Stimec in sod., 2007). Zato je powelpreskrblienost z jodom pri
slovenskih adolescentih spremljati tudi v prihodrijgotavljanje preskrbljenosti z jodom
je potrebno v prihodnje razsiriti tudi na drugadie skupine, predvsem naésee, dojee
matere in njihove otroke. Metodologijo za ugotavjgavnosa joda z Zivili bi bilo potrebno
izboljSati predvsem kar zadeva dédnje vnosa jedilne soli in uporabo lastne baze
podatkov o vsebnosti joda v slovenskih Zivih.
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Zadostna preskrbljenost z jodom pri slovenskih esiéntih je rezultat uvedbe poviSanega
obveznega jodiranja jedilne soli leta 1999 (19 mdajkg soli), ki je glavni vir joda v
prehrani slovenskih adolescentov. V Sloveniji jelei@d 2007 v teku program za nizanje
vnosa soli v populaciji (Resolucija o nacionalnemgramu prehranske politike 2005—
2010, 2005), kar bo vplivalo tudi na vnos soli pdolescentih. S tega vidika je zelo
pomembno vedeti, kako sta vnosa soli in joda pavezZa ali lahko niZzanje vnosa soli v
populaciji ogrozi zadostno preskrbljenost slovehskdolescentov z jodom. Rezultati nase
Studije kazejo, da vnos joda in soli pri slovenskitiolescentih nista uravnotezena.
Slovenski adolescenti zauzijejo dovolj joda n&uraprevisokega vnosa soli.

V Studiji smo uporabili prilagojen semi-kvantitagiv FFQ, razvit na Harvardski univerzi
in uporabljen ter preverjen v ¥&tudijah (Willett, 1998; Thompson in Byers, 199¥).
osnovi je FFQ imel v naprej dalene velikosti porcij zivil (Stimec in sod., 2007a
potrebe rdunanja vnosa soli in joda smo velikosti porcij Eivza katere ni mode
dolcciti naravnih enot (npr. meso, solata, riz, testepiaraunali iz 3DP, kar je dodatno
izboljSalo natatnost nase metode (Stimec in sod., 2009). Za Zikéderim je naravne
enote mogte dolaiti (npr. mleko, sadje, pij®e) so enote ostale enake, kot so bile
dolocene v zdetku. Vnos joda pri slovenskih adolescentih po mogtodologiji réunanja

ni bistveno odstopal od predhodno #rmanih vrednosti (185,6 pg/dan (Stimec in sod.,
2007)) in je znaSal 189,7 ug/dan (27 % nad prigitmm (Referekne vrednosti .,.2004;
WHO in FAO, 2004)). Skupen vnos soli je znaSal 1@dan (108 % nad pripateno
zgornjo mejo (WHO, 2003)). Vnos soli je bil zelswok pri dekih (11,5 g/dan), nekoliko
nizji pa pri deklicah (9,4 g/dan) (Stimec in sd2D09). Tako pri d&kih kot pri deklicah je

bil vnos soli krepko nad pripogeno zgornjo mejo 5 g/dan (WHO, 2003), podobno kot v
vecini drugih drzav v Evropi (Lambert in sod., 2008lika 1 prikazuje prispevek
posameznih Zivil in skupin Zivil k povpfieemu dnevnemu vnosu joda in soli. Stolpci
predstavljajo povpiae vrednosti in vsak stolpec predstavlja delw Zivilo oziroma
skupino Zivil. Levo od abscise so podane po¥peevrednosti prispevkov posameznih
Zivil k skupnemu povpkgemu vnosu joda (189y@/dan) v mikrogramih na dan. Desno
od abscise so podane powupre vrednosti prispevkov posameznih zZivil k skupnemu
povpr&nemu vnosu soli (10,4 g/dan) v gramih na dan. dadibl prispeva naj¢goda v
dnevni prehrani slovenskih adolescentov (7jgidan, 37 %) in hkrati prispeva tudi
najvet soli k povprénemu dnevnemu vnosu (3,4 g/dan, 33 %).cRignatno prispevajo k
povpr&nemu dnevnemu vnosu joda (41y8/dan, 22 %), k povpieemu dnevnemu
vnosu soli prispevajo le malo (0,1 g/dan, 1 %).dbo je situacija pri mleku in nideih
izdelkih, ki so pomemben vir joda (37@/dan, 19 %) in manj pomemben vir soli v
dnevni prehrani adolescentov (0,8 g/dan, 8 %). Kiutskrobna Zivila so bili drugi
najpomembnejsi vir soli (3,0 g/dan, 29 %), prispeteh Zivil k povprénemu skupnemu
dnevnemu vnosu joda je bil skromen (1Agidan, 5 %). Znotraj te skupine je samo kruh
prispeval 83 % soli (2,5 g/dan). Veliko soli in mgbda so prispevali ribe in ribji izdelki
(prispevek soli 0,7 g/dan, 6 %; prispevek jodapfilan, 5 %) ter meso in mesni izdelki
(prispevek soli 1,0 g/dan, 10 %; prispevek jodai@ydan, 2 %). V obeh primerih #ie@a
soli prihaja iz izdelkov (prispevki znotraj skupirréoji izdelki 94 %; mesni izdelki 87 %).
Slani prigrizki so prispevali skoraj izk§no k povprénemu dnevnemu vnosu soli (1,0
g/dan, 10 %), njihov prispevek k vnosu joda jerbdnj kot 1 %. Med ostalimi skupinami
so sadje in zelenjava prispevalicvie povprénemu dnevnemu vnosu joda (sadje 8,6
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ug/dan, 5 %; zelenjava 6 g/dan, 4 %), kot k povpéeemu dnevnemu vnosu soli (skupaj
manj kot 2 %) (Stimec in sod., 2009).

Prispevek skupin Zivil k povpreénemu dnevnemu Prispevek skupin Zivil k povpreénemu dnevnemu
vhosu joda (ug/dan) vnhosu soli (g/dan)

[ ledilna sol

Pijage

Mleko in mle&ni izdelki

MM Kruh in ostala $krobna Zivila
Sadje

Ribe in ribji izdelki

E zelenjava

B Meso in mesni izdelki

BJ Slani prigrizki

Ostala Zivila®

80 80 40 20 0 1 2 3 4

Slika 1: Prispevek posameznih zivil in skupin Zikilpovprénemu dnevnemu vnosu
joda in soli pri slovenskih adolescentih (n=248%)acunano na osnovi FFQ
(angl. Comparison of the contribution by foods/fagrdups to the mean daily
iodine and salt intake, calculated from the FF(®iavenian adolescents (n =
2485)) (Stimec in sod., 2009)
2 Sladoled, svinska mast, smmno olje, olivno olje, re@no olje, maslo,
margarina, sladice

Glavni viri soli so bili jodirana jedilna sol (33 Yokruh (24 %), slani prigrizki (10 %),
mesni izdelki (8 %), ribji izdelki (6 %) in mlekat (%). Jedilna sol in mleko sta bila tudi
med glavnimi viri joda v prehrani adolescentov @7in 11 %), medtem ko kruh, slani
prigrizki, mesni izdelki in ribji izdelki niso bigeno prispevali k skupnemu dnevnemu
vnosu joda (skupaj 7 %) (Stimec in sod., 2009) eKiprispevek kruha, slanih prigrizkov,
mesnih izdelkov in ribjih izdelkov k skupnemu dnewmu vnosu joda je posledica uporabe
morske soli v industriji, ki ima zelo nizko vsebhgsda (Aquaron, 2000). NiZzanje vnosa
soli pri adolescentih lahko povaiionezadostno preskrbljenost z jodom, saj se glairni
joda in soli prepletajo (Stimec in sod., 2009).

Programi za niZzanje vnosa soli v populaciji motaifp skrbno n&rtovani in morajo poleg
prehranskih pripor®l vklju cevati tudi kampanje za osve®je populacije, sodelovanje z
Zivilsko industrijo, javnimi zavodi in inStitucijainter ponudniki prehrane. Hkrati je
potrebno zagotoviti, da je vnos joda v populaaiasten. 1z rezultatov naSe Studije lahko
ugotovimo, da bi z zmanjSanjem oziroma popolnojigiivijo enega od glavnih virov soli

v prehrani adolescentov, vnos soli v tej skupinizégeraj presegal pripaten vnos 5
g/dan. Ce bi iz prehrane adolescentov izkiju vso jedilno sol, ki predstavlja 33 %
celotnega dnevnega vnosa soli, bi vnos soli zna8ab/dan, kar je Se zmeraj 38 % nad
priporateno zgornjo mejo 5 g/dan. Po drugi strani pa Hjuzkev jedilne soli iz prehrane
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adolescentov zmanjSala njihov vnos joda na 118,Rlgng kar bi bilo 21 % pod
priporaieno vrednostjo 150 pg/dan (Stimec in sod., 2008)bDv populaciji adolescentov
kljub nizanju vnosa soli ohranili zadostno presjahbst z jodom, predlagamo naslednje
ukrepe:

- zniZzanje vnosa jedilne soli ob hkratnem poviSafjueznega jodiranja jedilne soli,

- znizanje vnosa soli z zivili na osnovi spremifgaprehranjevalnih navad in nizanja
vsebnosti soli v Zivilih kot so kruh, mesni izdeikiribji izdelki,

- izrazito zniZzanje uzivanja slanih prigrizkov ia ta r&un poveéati uzivanje Zivil z veliko
joda in malo soli (npr. morske ribe, sadje, zeleaja

- dodatno uvesti jodiranje katerega drugega osrgavrigvila, kot sta kruh in mleko.
Zimmerman (2010) predlaga tudi uporabo jodirané wgrehrambni industriji. V&no
soli zauzijemo z Zivili in kljub zniZzanju skupnegaosa soli na manj kot 5 g/dan, bi lahko
s tem ukrepom zagotovili zadostno oskrbo z jodomm(d@ermann, 2010). Iz&anan vnos
joda na osnovi FFQ je pogosto precenjen v primegameritvami v 24 urnem vzorcu
urina (Rasmussen in sod., 2001), medtem ko je navo$-FQ izr&unan vnos soli v
primerjavi z izrgunom na osnovi natrija v 24 urnem vzorcu urina ptggodcenjen
(WHO, 2006). Iz tega lahko sklepamo, da sta vnda ja soli pri Slovenskih adolescentih
Se slabSe uravnotezena. Ob niZzanju vnosa soli feelpw zato neprestano spremljati
preskrbljenost in vnos joda pri slovenskih adolasibe in drugih skupinah slovenske
populacije.
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3.2 SKLEPI

Na osnovi rezultatov naSe Studije lahko zakino, da so slovenski adolescenti
zadostno preskrblieni z jodom. Jodiran jedilna golnajpomembnejSi vir joda v
prehrani slovenskih adolescentov in hkrati prispay@ najveji delez k skupnemu

dnevnemu vnosu soli. Skupni vnos soli pri sloveimskilolescentih (10,4 g/dan) zelo
presega pripokeEeno zgornjo mejo 5 g/dan. Zakijmo lahko, da vnos joda in soli nista
VvV ravnotezju, ter da je zadosten vnos joda dose@egun previsokega vnosa soli.

Pogostost golSavosti med slovenskimi adoles@nje zmanjSala z 12% leta 1991, na
manj kot 5 % v letih od 2003 do 2005. Mediana komeeije joda v urinu pri
slovenskih adolescentih je 140 pg/dan, kar praw t@Ze na izboljSanje v primerjavi z
letom 1991, ko je izmerjeno izlanje joda v urinu bilo 60 pg/g kreatinina. Glede na
standarde, ki jih podaja WHO, v Sloveniji ni pogfjokjer bi bili adolescenti
nezadostno preskrbljeni z jodom. Pogostost gol&ayos slovenskih adolescentih v
nobeni od regij ni v§a od 5 %, mediana koncentracije joda v urinu mikjepod mejo
100 pg/l in delez adolescentov s koncentracijo jedarinu pod 50 pg/l je povsod
precej pod mejo 20 %. Rezultati dokazujejo uspdSmosupravEenost uvedbe
poviSanega obveznega jodiranja soli z 10 na 25 riggksoli leta 1999. Rezultati
ocenjenega vnosa joda z Zivili prav tako potrjujgjspeSnost in uprasenost
poviSanega obveznega jodiranja soli. Vnos jodasfovenskih adolescentih je nad
priporctilom 150 pg/dan (189,7ug/dan), kar se zelo dobro ujema z rezultati
ugotavljanja pogostosti golSe in merjenjem koneaagije joda v urinu.

Predpostavili smo, da so glavni viri joda v peeh slovenskih adolescentov jodirana
jedilna sol, mleko in mkani izdelki, pijate in ribe. NaSa hipoteza se je delno potrdila,
saj so jedilna sol, pifee ter mleko in miéni izdelki skupaj prispevali 80 % joda v
dnevni prehrani adolescentov. Ribe so v nasprotpami préakovanji prispevale
relativno malo joda. Kljub temu, da so ribe (presims morske) bogat vir joda,
adolescenti ribe in ribje izdelke redkeje uzivagato je njihov prispevek joda v dnevni
prehrani zelo majhen (7,4 %). Vnos joda je Se zjresia nizek (<50 pg/dan) ali nizek
(50-100 pg/dan) pri 23,6 % in previsak300 pg/dan) pri 11,3 % adolescentov, zato je
potrebno tudi v prihodnje spremljati preskrbljenpgpdom v tej demografski skupini.

Slovenski adolescenti so zadostno preskrbljenidono na rdaun previsokega vnosa
soli. Previsok vnos soli v prehrani je povezan gigaim krvnim tlakom, boleznimi
srca in ozilja in drugimi krognimi boleznimi. Zelo pomembno je, da ob hkratnem
manjSanju ostalih dejavnikov tveganja za nastarézni srca in oZilja, znizamo tudi
vnos soli v slovenski populaciji, predvsem otroagihadolescentih. Poleg jedilne soli
velik del k skupnemu dnevnemu vnosu soli prispedgdkruh, slani prigrizki, mesni
izdelki, ribji izdelki in mleko. Jedilna sol in nmite sta bila tudi med glavnimi viri joda
v prehrani adolescentov. NiZzanje vnosa soli v pagiji) lahko ogrozi zadosten vnos
joda pri slovenskih adolescentih, saj se glavni yada in soli prepletajo. Pri
oblikovanju nadaljnje strategije za nizanje vnosi s populaciji je zraven osveédnja
adolescentov in ostale populacije, ter nizanja nesth soli v industrijsko predelanih
Zivilih, potrebno razmisliti tudi o dodatnih ukrépka zagotavljanje zadostne Katie
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joda v prehrani, predvsem o poviSanju obveznegago soli, uporabi jodirane soli v
prehrambni industriji ali obveznem jodiranju kak§aedrugega osnovnega Zivila. Ob
nizanju vnosa soli, je za zagotavljanje zadostnkrbes slovenskih adolescentov z
jodom potrebno ob izvajanju strategije vzporednoesyjati tudi preskrbljenost z

jodom v tej starostni skupini. Preskrbljenost zgodje potrebno spremljati tudi pri

preostali populaciji, predvsem néséah, dojéih materah in njihovih otrocih.
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4 POVZETEK (SUMMARY)

4.1 POVZETEK

Preskrbljenost z jodom je kijnega pomena za zdravje ljudi, saj sta tako prerkadgdor
tudi previsok vnos joda povezana z r&zimi boleznimi g€itnice. Pomanjkanje joda v
prehrani ostaja velik problem v mnogih predelintavé’o zadnjih podatkih ima 31,5 %
Solarjev na svetu prenizek vnos joda in v EvropilgéeZ Solarjev z nezadostnim vnosom
ocenjena na 58 %. Po uvedbi prvega obveznega ppdijadilne soli (10 mg KI/kg soli)
leta 1953, se je golSavost med Solarji do leta 18%8ala na 22,4 %. Zadnji podatki o
pogostosti golSavosti med slovenskimi adolesceniz ¢eta 1991 in raziskava je zajemala
samo otroke iz Ljubljane in okolice. Pogostost getsti je bila ocenjena na 12 %, hkrati
pa je bilo ugotovljeno nizko izt@nje joda v urinu (60,3 g joda/g kreatinina). L&8®9

je obvezno jodiranje soli bilo povisano na 25 mgkglsoli. Od zaetka veljavnosti
novega pravilnika o kakovosti soli, leta 2003 irpdimitvah iz leta 2004, je v Sloveniji
razen morske soli, ki se lahko uporablja v prehmainmdustriji, vsa sol jodirana (25 mg
Kli/kg soli ali 32 mg KlQ/kg soli). UspeSnost poviSanega jodiranja soli €das ni bila
preverjena in Slovenski adolescenti so s strani WBEK zmeraj opredeljeni kot
pomanijkljivo preskrbljeni z jodom. Geografski, kijgki, ekonomski in kulturni dejavniki
lahko imajo velik vpliv na preskrbljenost z jodompepulaciji. Slovenija je geografsko
zelo raznolika drzava in s tega vidika bi v Sloyieldhko obstajala podtga, kjer je
populacija slabSe preskrbljena z jodom.

Jodirana jedilna sol je koncentriran in glavni yoda v vsakodnevni prehrani in
predstavlja tudi velik delez od skupnega dnevnegzsa soli. V Sloveniji odrasli (25 do
65 let) v povprgju zauzijejo 12,6 g soli na dan, kar 150 % nadgfeno zgornjo mejo.
Po novejSih podatkih je vnos soli pri odraslih 1@/8an, kar je Se zmeraj preceg ot
priporaienih 5g/dan. Previsok vnos natrija oziroma solrehpani je povezan s poviSanim
krvnim tlakom, boleznimi srca in ozilja in druginkronicnimi boleznimi. Pogostost
kroni¢nih bolezni v svetu hitro naréa in posebej velik problem predstavljajo bolezoasr
in ozZilja. Zelo pomembno je, da ob hkrathem manjsastalih dejavnikov tveganja za
nastanek bolezni srca in oZilja, znizamo tudi vaok v slovenski populaciji, predvsem
otrocih in adolescentih. Leta 2007 se je v Sloverdjel program za niZzanje vnosa soli v
populaciji na 5 g/dan, kar velja tudi za adoleseeienadzorovano nizanje vnosa soli v
populaciji lahko privede do nezadostne oskrbe ppodzato je pomembno poznati, kako
sta vnos soli in joda med sabo povezana.

Cilj naSe raziskave je bil oceniti uspeSnost paygabveznega jodiranja soli in ugotoviti

trenutno stanje preskrbljenosti slovenskih adolesze z jodom, kar do sedaj ni bilo

raziskano. Ugotoviti smo Zeleli tudi ali geografskanolikost Slovenije odtdno vpliva

na preskrbljenost z jodom adolescentov v posameagiah in ali nizanje vnosa soli v

slovenski populaciji lahko vpliva na preskrbljenadbvenskih adolescentov z jodom.
Raziskava je bila narejena na reprezentativnemcuzadolescentov ob vstopu v srednjo
Solo, iz vseh slovenskih regij. Potekala je medrnet 2003 in 2005 v regionalnih
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zdravstvenih domovih in je zajela 2813 adolescerfmiblizno 10 % vseh 15 let starih
adolescentov v Sloveniji) iz vseh socialno-ekonamsékupin. Pri adolescentih smo
ugotavljali razSirjenost golSavosti z otipom vratu merjenjem velikosti &tnice z
ultrazvokom. Poleg tega smo merili koncentracijdgos urinu. Prv v Sloveniji smo s
pomaijo vpraSalnika o pogostosti uzivanja zivil (FFQ) inidnevnega tehtanega
prehranskega protokola (3DP) dodatno ugotavljdtEka je vnos joda z Zivili in kateri so
glavni viri joda v prehrani slovenskih adolescenté¥Q je bil semi-kvantitativen in je
vkljuceval 82 Zivil, ki so bila razdeljena v devet podsiku 1. mleko in meéni izdelki, 2.
meso in mesni izdelki, 3. ribe in ribji izdelki, thagobe, 5. Skrobna Zivila, 6. zelenjava,
7. sadje in oreki, 8. pijace in 9. jedilna sol. Pri vsakem Zivilu je bilo paila 9 moznih
odgovorov 0 pogostosti uZzivanja posameznega Zwikicer v razponu od nikoli ali manj
kot enkrat na mesec do Sest akikrat na dan. FFQ je bil razvit na Harvardski univén
uporabljen ter preverjen v ¥etudijah. FFQ in 3DP smo uporabili tudi za ocemosa
soli s hrano in dokdtev prispevka posameznih Zivil, k skupnemu dnewnemosu soli. V
osnovi je FFQ imel v naprej dalene velikosti porcij Zivil. Za potrebe dananja vnosa
soli in joda smo velikosti porcij Zivil, za kateré mogae dolaiti naravnih enot (npr.
meso, solata, riz, testenine) maali iz 3DP (Stimec in sod., 2009). Za Zivila,d@n je
naravne enote moge dolaiti (npr. mleko, sadje, pijge) so enote ostale enake, kot so bile
dolocene v zaetku.

Doloceno podroje je opredeljeno kot endeénmio za golSoge ima golSo vé kot 5 %
Soloobveznih otrok ite je mediana koncentracije joda v urinu pri popiilatanj kot 100
pg/l. Dodatno je dokeno podroje opredeljeno kot endetimo, ¢e ima ve kot 20 %
populacije koncentracijo joda v urinu manj kot 5§/luPove&ana gitnica je bila z otipom
vratu in ultrazvokom dokena pri 0,9 % adolescentov. V podskupini naki izbranih
adolescentov je bila z ultrazvokom poéaaa gitnica ugotovljena pri 4,6 % adolescentov.
Mediana koncentracije joda v urinu pri slovenskiolascentih je znaSala 140 pg/l in v
nobeni izmed slovenskih regij ni bila pod mejo 10@/. Delez adolescentov s
koncentracijo joda v urinu manj kot 50 pg/l je Bi5 %, precej pod mejo 20 %.

Mediana vnosa joda in povgen vnos joda ocenjena iz FFQ sta bila 155,8 pgidan
185,6 pg/dan (izeaunano s korigiranimi porcijami 159,6 pg/dan in IBfg/dan), kar je
nad pripordeno referetno vrednostjo za vnos joda in WHO ter FAO pripdgicom 150
pg/dan. Glavni viri joda v prehrani slovenskih amlentov so jodirana jedilna sol (39 %
povpr&nega dnevnega vnosa; po tarau s korigiranimi porcijami 37%), pija (22 %)
ter mleko in mléni izdelki (19 %). Skupen vnos soli je znaSal 1§/dan, 108 % nad
priporateno zgornjo mejo 5 g/dan. Posebej visok vnos soéjo fantje (11,5 g/dan),
nekoliko manj zauzijejo deklice (9,4 g/dan). Glawmii soli so bili jedilna sol (33 %
povpr&nega dnevnega vnosa), kruh (24 %), slani prigriRi %), mesni izdelki (8 %),
ribji izdelki (6 %) in mleko (4 %). Skupaj so vswvila prispevala 6,9 g (67 % skupnega
vnosa) soli v dnevni prehrani adolescentov. Jediblan mleko sta bila tudi med glavnimi
viri joda v prehrani adolescentov. Zakijmo lahko, da nizanje vnosa soli pri adolescentih
na 5 g/dan lahko povztbnezadostno preskrbljenost z jodom, saj se ghavnjoda in soli
prepletajo.
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Raziskava je bila narejena na velikem nacionalmementativnem vzorcu slovenskih
adolescentov (okoli 10 % vseh 15 let starih ad@esw v Sloveniji) iz vseh Slovenskih
regij in vseh socialno-ekonomskih skupin, tako ibamega kot ruralnega okolja. Velik
vzorec daje naSim rezultatom veliko tezo, kljub sepa ima naSa Studija tudi nekaj
omejitev, predvsem kar zadeva oceno vnosa sotida g hrano. FFQ je zelo primeren za
uporabo na velikem Stevilu oseb, kot je bilo v maSerimeru. Kljub temu FFQ ni
referedna metoda za daotanje vnosa soli in v tem trenutku v Sloveniji Ssmamo lastne
baze podatkov o sestavi Zivil. Za bolj natam oceno vnosa soli bi bilo potrebno izboljSati
metodo za ugotavljanje vnosa soli in zelo koriskmebila slovenska baza podatkov o
sestavi Zivil.

Na osnovi rezultatov naSe Studije lahko zakijpo, da so slovenski adolescenti zadostno
preskrbljeni z jodom, ter da se je preskrbljenogtdom v letih od 2003 do 2005 bistveno
izboljSala v primerjavi z letom 1991 (pogostost&geiosti se je z 12 %, zmanjSala ha manj
kot 5 %). To dokazuje, da je bila uvedba poviSar@gseznega jodiranja soli leta 1999 z
10 na 25 mg Kl/kg soli uspeSna in upksna, ter da je sol potrebno jodirati tudi v
prihodnje. Rezultati ocenjenega vnosa joda z Zigildodatno potrjujejo, saj je vnos joda
pri slovenskih adolescentih zadosten glede na m#eoo refereéno vrednost za vnos
joda in WHO ter FAO pripodlo 150 pg/dan, tako pri deklicah kot pri dtéh. V
Sloveniji ni podraij kjer bi adolescenti bili nezadostno preskrbljerjodom. Kljub temu

je potrebno tudi v prihodnje spremljati vnos jodagulolescentih, saj jih 23,6 % Se zmeraj
zauzije premalo joda. Spremljati je potrebno tudige skupine, ki so bolj podvrzene
pomanjkanju joda (noseice, dojée matere, dojeiki in otroci), predvsem ob upoStevanju
dejstva, da je v Sloveniji v teku program za nigamposa soli. Jodirana jedilna sol je
najpomembnejSi vir joda v prehrani slovenskih ascd@tov in hkrati prispeva tudi
najvetji delez k skupnemu dnevnemu vnosu soli. Skupensvsoli pri slovenskih
adolescentih je znaSal 10,4 g/dan, kar je precejprgporaeno zgornjo mejo 5 g/dan.
Zaklju¢cimo lahko, da je zadosten vnos joda dosezen &anrarevisokega vnosa soli.
Nizanje vnosa soli lahko povafionezadostno preskrbljenost z jodom pri slovenskih
adolescentih in preostali populaciji. Pri oblikopamadaljnje strategije za niZzanje vnosa
soli v populaciji je potrebno razmislit o dodatnilkrepih za zagotavljanje zadostne
kolicine joda v prehrani, predvsem o obveznem jodirkagkSnega drugega osnovnega
Zivila, obvezni uporabi jodirane soli v prehrambndustriji ali poviSanju obveznega
jodiranja soli.
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4.2 SUMMARY

Adequate iodine consumption in a population isemgly important for public health, as
both low and high iodine intakes are associatedh warious thyroid diseases. lodine
deficiency remains a public health problem in maegions of the world. Recent data
indicate that the global prevalence of inadequad@e intake in schoolchildren is 31,5 %
and the highest prevalence is observed in Europgl (%). In the first half of the 20th
century, it was estimated that 58 % of Sloveniahostchildren had goitre. After
obligatory table salt iodization was introduced.853 (10 mg Kl per kilogram of salt), the
prevalence of goitre decreased to 22,4 % amongosdtitmlren by 1959. Last available
data on goitre prevalence in Slovenian adolesastitem 1991 and only adolescents from
Ljubljana and surrounding were included in the gtud@he goitre prevalence was
estimated to be 12 % and at the same time low nyrimaline excretion was observed
(60,3 ug iodine/g creatinine). In 1999 the obligatsupplementation of table salt with
iodine was increased to 25 mg Kl/kg salt. In 2008w regulation on quality of salt was
introduced and after additional supplement in 2G4salt, except sea salt used in food
industry, has to be iodised (25 mg Kl/kg salt om3@ KIO 3 /kg salt). Till now it was not
examined whether this intervention was successful &lovenian adolescents are
currently, according to WHO, still classified to bedine deficient. Geographical,
agricultural, economic and cultural factors careagtvely influence iodine supply in the
population. Slovenia is geographically very divecseintry and it could be expected that
iodine supply in some regions is insufficient.

lodized table salt is concentrated and most imporsaurce of iodine in daily nutrition
and represents also a high proportion of totalydgalt intake. The average salt intake of
adults (25 to 65 years) in Slovenia is 12,6 g @8r, d50 % above the population nutrient
intake goal. According to more recent data thekmtaf salt in Slovenian adults is 11,3
g/day, still extensively above the population rentiintake goal of 5 g/day. Conclusive
evidence has demonstrated that excessive dietatrso(i.e. salt) consumption is
associated with high blood pressure, cardiovasadiseases as well as other chronic
diseases. Globally chronic diseases are growingnaalarming rate and cardiovascular
diseases represent a primary concern. Beside reduadt other risk factors which lead to
development of cardiovascular diseases, it is mdhg important to reduce also the salt
intake in the population, especially young childeerd adolescents. In Slovenia the salt
intake reduction program began in 2007, with a petpan nutrient intake goal for salt of
less than 5 g per day, which applies also for adellets. Reducing salt intake in the
population can lead to inadequate iodine intake.eRguring adequate iodine intake in the
population while reducing salt intake, it is im@ort to know the association between the
intake of salt and iodine.

The objective of our study was to evaluate whetimareased obligatory iodine
supplementation of salt was successful and to saskescurrent iodine status of Slovenian
adolescents, which was not performed till now. Wmea to investigate whether
geographical diversity of Slovenia influences ia@supply of Slovenian adolescents from
different regions and whether reduction of salaketin population could influence iodine
supply of Slovenian adolescents. Our study incluggdesentative sample of adolescents,
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entering high school, from all Slovenian regionteTstudy was performed at regional
health centres between years 2003 and 2005 antv@u/8813 adolescents (about 10 % of
all 15-year-old Slovenian adolescents) from alli@@conomic groups. In adolescents
goitre prevalence was determined with neck palpagiod thyroid volume was measured
by ultrasound. Beside that urinary iodine conceiuing were measured. For the first time
in Slovenia also iodine intake with food and maind sources of iodine in daily nutrition

were determined, using food frequency questionnéifeQ) and weighted three day
dietary protocol (3DP). FFQ and 3DP were also usedssess total salt intake and food
sources of salt in daily nutrition of Slovenian kEdaents.

An area is considered to be endemic for goitreaferthan 5 % of school-aged children
have an enlarged thyroid and if median urinarynedconcentration in the population is
less than 100 pg/l. If more than 20 % of the pajpatahas urinary iodine concentration
less than 50 pg/l an area is also considered asm@ador goitre. Enlarged thyroid was
determined by clinical examination and ultrasoumd,9 % of adolescents. Examination
by ultrasound in a subgroup of randomly selectemlemtents showed enlarged thyroid in
4,6 % of adolescents. Median urinary iodine conegion in Slovenian adolescents was
140 pg/l, and in all regions it was above or eqaahe WHO limit of 100 pg/l. Median
urinary iodine concentration below 50 pg/l was fdun 2,5 % of adolescents, which is
well below the limit of 20 %.

Median and average iodine intake, estimated fror®,Rkere 155,8 pg/day and 185,6
pg/day (calculated with corrected portion sizes,858g/day in 189,7 pg/day), which is
above the recommended reference value for iodineakéen and WHO/FAO
recommendation of 150 pg/day. Main food sourcesodine in nutrition of Slovenian
adolescents were table salt (39 % of mean dailypéunhtake), beverages (22 %) and milk
and milk products (19 %). Total salt intake was4l@day, 108 % above the population
nutrient intake goal of 5 g/day. Salt intake wageesally high in boys (11,5 g/day) and a
bit lower in girls (9,4 g/day). Main food source$ salt in nutrition of Slovenian
adolescents were table salt (33 % of mean dailynédhtake), bread (24 %), salty snack
products (10 %), meat products (8 %), fish prod6t8o), and milk (4 %). Salt intake
from foods, excluding table salt, was 6,9 g/d (63T %tal salt intake). Table salt and milk
were also among the most important sources of @dm nutrition of Slovenian
adolescents. We can conclude that lowering saketo population nutrient intake goal
of 5 g/day, could result in insufficient iodine ake of adolescents, as the main food
sources of salt and iodine do interweave.

Our study included a large national representatamaple of Slovenian adolescents (about
10 % of all 15-year-old Slovenian adolescents) frhSlovenian regions and all social-
economic groups, from urban as well as rural akdarge sample is the main strengths of
our study, which makes our results very valuablewelver our study also has some
limitations. FFQ is very suitable for assessingdf@end nutrient intake in a large sample of
population, as in the case of our study, but itasthe criterion standard for assessing salt
intake and at the moment in Slovenia there areepoesentative data on the iodine content
of Slovenian foods. For more accurate determinaiosalt intake the method should be
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improved and a database containing the iodine norte Slovenian foods would be of
great value.

From our results we can conclude that iodine supp§lovenian adolescents is adequate
and that their iodine status was drastically impobduring the last two decades (from year
1991 goitre prevalence was reduced from 12 % te tean 5 %). This indicates that
increased obligatory salt iodization from 10 tor8§ Kl/kg salt in 1999 was successful,
and that salt iodization should be continued alsdhie future. Results from assessed
iodine intake with food additionally confirm thi®mclusion. lodine intake of Slovenian
adolescents is well above the recommended refergabge for iodine intake and
WHO/FAO recommendation of 150 pg/day in girls adlae in boys. In Slovenia there
are no regions with insufficient iodine supply, femer iodine intake of 23,6 %
adolescents is still too low and it is necessargntmitor iodine intake also in the future.
Monitoring should be done also in other populatgsoups, with higher risk for iodine
deficiency (pregnant and lactating women, infamis ehildren), especially considering the
ongoing salt reduction program in Slovenia. loditaule salt is the most important source
of iodine in nutrition of Slovenian adolescents atgb contributes the highest proportion
to total daily salt intake. Total salt intake ofo®énian adolescents is 10,4 g/day,
significantly above the population nutrient intagi@al of 5 g/day. We can conclude that
adequate iodine supply is primarily attributed kzessive salt intake and that lowering
salt intake could result in inadequate iodine syppl Slovenian adolescents and other
population. When further strategies for salt redurctin Slovenia are being prepared,
implementation of additional measures to maintalegaate iodine supply need to be
considered, especially further increase of obligatalt iodization, use of iodised salt in
the food industry or obligatory iodization of ottmmmmonly consumed food source.
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