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IODINE DEFICIENCY:
EPIDEMIOLOGY AND NUTRITIONAL PREVENTION
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ABSTRACT. lodine deficiency disorders (IDD) are present in all the continents; developing nations are
most severely affected. There are 14 European countries affected by iodine deficiency, we can cite France, Bel-
gium, Norway, Portugal and Russia whose population have a median iodine urinary excretion (IUE) under
100pg/1. Todine deficiency is the first cause in the world of mental retardation, but this consequence occurs with
severe deficiency. The sensitivity is higher in pregnant women and young children. Median rate of iodized salt
consumption in countries of Central and Eastern Europe and CIS is 50% and stay the lowest rate of all world
areas. Russia reduces because it’s the most populated country and only 35% of couples use iodized salt. In
2006, UNICEF counted 16 “decisive” countries which needed a supplemented help to increase their effort.
These countries are important salt producers, the number of newborn babies which risk iodine deficiency is
high, rate of salt iodization is small, so it’s necessary to conduct a particular action to mobilize population and
government and, moreover bring a technical support to renew national programs of elimination of iodine defi-
ciency. If these 16 countries manage to universal salt iodization, world average of households which take cor-
rectly iodized salt will be about 85%. Russia takes part among these 16 “decisive” countries in fighting against
IDD (the other are India, Pakistan, China, Ethiopia, Indonesia, Ukraine, Philippines, Soudan, Bangladesh,
Egypt, Afghanistan, Ghana, Angola, Niger, Senegal). That’s why, it’s important that health sector, medias,
consumers associations and salt producers work in concomitance in order to household understand the necessi-

ty of suitable daily iodine intake and in order to increase the accessibility of iodized salt..
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EPIDEMIOLOGY
OF IODINE DEFICIENCY

Nowadays, epidemiological indicator usually used
to measure iodine deficiency is iodine urinary excre-
tion. This parameter is used to evaluate iodine status
in populations and not for individual diagnosis. In re-
cent publications (Gorbachev et al., 2007; Momcilo-
vic et al., 2014) there were demonstrated the perspec-
tiveness of hair iodine determination in assessment of
individual iodine status in human. Moreover, the aim
of the epidemiological studies and the struggle for re-
ducing iodine deficiency is not really the increase of
urinary excretion but the decrease of goiter preva-
lence in endemic areas.

Iodine deficiency disorders (IDD) are present in
all the continents; developing nations are most se-
verely affected. Iodine deficiency is a scourge which
persists all around the world and its world distribution
changes. Indeed, a WHO report of 1994, evaluated at
about 1,6 billion the number of persons in the world,
which risked to be affected by IDD. This number has
increasing during the last 15 years with about 2 bil-
lion persons in 2011. Their geographic distribution
reflects the economic development. (WHO, 2011)
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Only few countries like Switzerland, USA, Cana-
da, Australia and Scandinavia had a sufficient iodine
intake before the 1990s.

We can notice that in some countries of eastern
and western Europe, there is a persistence of iodine
deficiency in a subclinical form (WHO, 1997; 2011).
According to the report of ICCIDD president (Inter-
national Council for the Control of lodine Deficiency
Disorders), concerning the International Days HP
Klotz which took place in Paris in 2011, there are 14
European countries affected by iodine deficiency, we
can cite France, Belgium, Norway, Portugal and Rus-
sia whose population have a median iodine urinary
excretion (IUE) under 100 pg/1.

About France, recent data ranked it in an optimal
iodine status but the way how the trials are made is
not completely known so there are some doubts con-
cerning the results.

Russia is in mild deficiency with a median IUE
between 50 and 99 pg/l in its population; 31 countries
corrected their deficiency with UIE between 100 and
300 pg/l. Concerning 6 countries like United-
Kingdom, data were insufficient. Armenia and Geor-
gia were in excess (> 300 pg/l).

About Russia, iodine deficiency is an older health
problem, indeed, 20 years ago, IDD already present
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caused an higher sensitivity to the Chernobyl radio-
active fallout; but the matter is not finished now, it af-
fects millions children. Iodine deficiency is the first
cause in the world of mental retardation, but this con-
sequence occurs with severe deficiency. The sensitiv-
ity is higher in pregnant women and young children.
In endemic areas and those affected by Chernobyl
disaster, 1Q of children is about 13 points under the
average, school results are bad and when they be-
come adults, these persons have a lot of problems
(Veneman, 2006).

However, it’s necessarly to notice that, in some
Russin regions, lots of parameters are also respon-
sible, like social level, poverty.

When IDD occurs in child, the common form is a
goiter, which is less and less reversible with the in-
crease of the age.

IODINE INTAKES.
RECOMMENDED DAILY INTAKES

Iodine recommended daily intakes depending on
age and physiological status (ANSES, 2009):
Age/Status Intake pg/day

0-3 years old ....ccceveeiieieie e 80
4-6 years old .....cccceoerieiiiieee 90
7-10 years old ......ccocevevreeierieieiieeere e, 120
Adolescents et adults ........c.ccoceveveiecncnienne. 150
Pregnancy .......ccccceveeeiienieniiceeeeeee 200
Breastfeeding .......ccocoeeevirieniiiecee 200

It is shows that iodine recommended intakes are
higher for pregnant and for breastfeeding, indeed, io-
dine deficiency in fetus can cause severe impairments
in child development.

IODINE SOURCES

Main food sources of iodine:

CRhEeSE ..o 30 ug/100 g
Cow milk ...ooovvviiiiiiieieeeee, 9 ng/100 ml
Eggs:

WHItE: oeviiiiiiiircrecceccecece 59 ug/100 g
VOLK: oo 192 ng/100 g
Sea fish ..ooeeoeiieiee 110 pg/100 g
Shelfish ....ccooeoieeiiiieiiieieeee, 180 pg/100 g
Seaweed ...coovvvvieriieieieeee e 320 ug/100 g
YOZOUIT .ot 20 pug/100 g
Chocolate .......ccccevveeveviecierreieeenen. 17 pg/100 g
Breakfast cereals .........cccccevverennennee. 13 pg/100 g
Bread, pastries .........cccceocereienineenee. 14 pg/100 g
Pastas ....occooeveiiniieree e 14 ng/100 g
Todinated salt ..........ccoeevevvecieninienn, 15-20 pg/g
MEAL ..ovveiieeiieieeieeeee e 6 ng/100 g
Pork meat products ...........ceeuenenen. 14 pg/100 g
Fruits and vegetable ...........ccccceeeeennen. 2 ug/100 g
Fats .o 2,9 ng/100 g
Drinking Water .........cccoceeveevververreennns 2 ug/100 g

In Russia, food is relatively diversified; it’s com-
posed of meat, vegetables and starchy food. Vegeta-
bles usually eaten are cabbages, cucumbers, beetroot,
which accompany some dishes or are served with dif-

ferent soups. Potatoes are often found in meals and
pastas like ravioli.

Bread is a basis of Russian food above all black-
bread or rye bread. Pork meat products are regularly
eaten and most at breakfast or as sausages at lunch or
dinner. Fish is one of foodstuffs which is liked a lot,
but Russians prefer fresh-water fishes like carp.

Still water isn’t generally on tables; they drink
more often cooked fruits juices.

Russian population eats lots of milk products with
bread or in fermented milk form. (Bichet et al., 2006;
Small, 2007)

It’s necessary to notice that the difference be-
tween rural and urban habits is very important in
Russia, in towns and not far from touristic sites, the
consumption of ready-meal have been increased a lot
in households (Berry, 2011).

We can see that traditional Russian food is much
diversified but some foodstuffs appear in various
meals like bread which is a basis food. Usually eaten
food, except milk products, contains naturally little
quantity of iodine.

However, in other areas, food habits change to
become about western habits. We have to consider all
these parameters and make the difference between the
several areas in order to introduce a new iodine carri-
er for the food supplementation.

INFLUENCING FACTORS CONCERNING
THE I0DINE ABSORPTION
(Duron, 2001)

The bioavailability of potassium iodine or sodium
iodine which is found in food or in supplemented salt
is about 100%. However, some factors influence the
absorption of these iodine forms. Indeed, there are
some parameters which influence iodine deficiency;
they are named strumagenic or goitrogenic factors.
They have several origins:

1. In foodstuffs, there are substances which inhibit
iodine penetration in the thyroid, its organification,
iodothyrosines synthesis. Among these foodstuffs, we
find vegetables like brassicacea family with cabbages
(eaten a lot in Russia), turnips and crucifers used to
feed cows. We can cite manioc, soya, millet and sor-
ghum (which feed population exposed to a higher level
of iodine deficiency, in Asia and in Africa). There are
also lentils, onions, garlic. Concerning drinking water,
it can contain toxic substances against thyroid gland:
resorcinol, phthalates, and organic disulfide.

2. Drugs for treating thyroid disorders, lithium can
act on goiter formation.

3. Pathologic factors acting on iodine absorption
like troubles of hormone synthesis by enzymatic defi-
ciency or genetic factors caused by genomic muta-
tions (thyroglobulin).

4. We can notice also, the influence of physiolog-
ical status: a goiter often occurs when there are peri-
ods for which hormonal synthesis needs are in-
creased, for example, during puberty, pregnancy or
breastfeeding.
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Median rate of iodized salt consumption in coun-
tries of Central and Eastern Europe and independent
States is 50% and stay the lowest rate of all world ar-
eas. Russia reduces because it’s the most populated
country and only 35% of couples use iodized salt.

In 2006, UNICEF counted 16 « decisive » coun-
tries which needed a supplemented help to increase
their effort. These countries are important salt pro-
ducers, the number of newborn babies which risk io-
dine deficiency is high, rate of salt iodization is small,
so it’s necessary to conduct a particular action to mo-
bilize population and government and, moreover
bring a technical support to renew national programs
of elimination of iodine deficiency.

If these 16 countries manage to universal salt io-
dization, world average of households which take
correctly iodized salt will be about 85%.

Russia takes part among these 16 “decisive” coun-
tries in fighting against IDD (the other are India, Pa-
kistan, China, Ethiopia, Indonesia, Ukraine, Philip-
pines, Soudan, Bangladesh, Egypt, Afghanistan,
Ghana, Angola, Niger, Senegal) (UNICEF, 2008).

According to a 2003-2004 survey in Russia
(UNICEF, 2008):

number of inhabitants: 143 221 000;

number of yearly births: 1 506 000;

households taking iodized salt : 35%;

children exposed to IDD: 979 000;

population exposed to IDD: 93 094 000.

NECESSITY
OF IODINE FORTIFICATION

Iodized salt exists since 1952, but for pregnant
women there isn’t particular fortification. However,
during pregnancy state, needs are increased because
of several reasons:

oestrogens cause the increase of circulating rate of
TBG, that causes the decrease of free T4;

HCG has a TSH-like action;

there is a placental transfer of iodides.

Iodine deficiency in pregnant women leads to dif-
ferent troubles like:

gestational goiter in mother;

backwardness in intrauterine development;

an increase of thyroid volume in newborn child,

a backwardness of psycho-intellectual develop-
ment at 3 years, a decrease of QI score, attention de-
ficiency, hyperactivity.

WHO wants a iodine supplementation about 250
pg/day in pregnant women, or breast-feeding, or in
procreation age.

General Medicine Department of University of
Lyon realized a research in literature thanks to many
scientific databases and synthesis of several trials
about the interest of iodine supplementation in preg-
nant women and young children, its advantages, and
its potential toxic risk.

Method: a key-word research limited by dates be-
tween 1991 and 2001, in about 10 databases was real-
ized. Several criterions to include or exclude trials

was retained to have a good pertinence in conclu-
sions.

Results: It emerge from this research that in gen-
eral, a supplemention between 100 and 300 pg/day
brings lots of advantages:

goiter prevention in mother;

prevention in fetal thyroid volume;

prevention in psychomotor and behavioral devel-
opment in 12—18 months;

correction of hypothyroxemia and maternal TSH
stabilization.

Some side effects which are paradoxical effects
were found in some studies:

psychomotor backwardness at 1 year;

increase in maternal and fetal TSH.

Discussion: Benefit of iodine supplementation
seems real, in particular potassium iodide which have
a positive effect on neurological development of chil-
dren, according to recent studies only however the
link between iodine deficiency and intellectual back-
wardness is known since some decades. However, we
can notice the small size of samples and a different in
size of control group and supplemented group. More
recent studies evidence supplementation effects on
thyroid volume in mother and child with a good level
of proof. Despite of few limits, these studies are in
favor of benefit of iodine supplémentation in preg-
nant women, for mother and child. This supplementa-
tion would be ideal if it begins before pregnancy.

Some studies, but it’s not majority, show some
side effects, paradoxical effects of fortification which
are hypothyroidism with TSH increase but with no
clinical signs. Systematic supplementation has to be
discussed and it necessary to study more particularly
these paradoxical effects.

How does supplémentation must be realized: It’s
very difficult to target women really in iodine defi-
ciency, the ideal way would be to lead general popu-
lation to an optimal iodine status. That’s why, sup-
plementation in pregnant women must be short term
measure, and in the long run, the objective wood be
generalize and optimize salt fortification.

WHO thinks necessary to supplement systemati-
cally pregnant women in countries where iodized salt
id used by less 90% of households.

UNIVERSAL IODINE SUPPLEMENTATION
OF SALT

The problem of iodine deficiency affects all the
world with several levels of severity and causes lots of
health troubles as we can see previously, for example
goiter, cretinism, however we can easily suppress or
reduce this problem with a simple and very little ex-
pensive method which is universal salt iodization.

For a country, the level of supplementation can be
reduced because of several factors: the time, the mod-
ification of daily consumption of salt, the iodine dis-
persal when it’s stocked. We can see in table, the o-
dine recommended contents by WHO-UNICEF-
ICCIDD according to the different intakess, and vari-
ous environmental conditions and packaging.
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Table. lodine recommended contents by WHO-UNICEF-ICCIDD
(mg of iodine/ kg of salt) (mg/kg) (Venkatesh Mannar, 1995)

Packaging
Climate and daily intakes At factory At wholesaler
of iodized salt
Big sacks in bulk Retail plastic Sacks Big sacks in bulk Sac plastique détail
Warm and humid:
5g 100 80 80 60
10g 50 40 40 30
Cold and dry:
5g 80 60 60 40
10g 40 30 30 20

Each State Authority will have to define suitable
levels of salt, working with salt industries.

National regulations will have to impose minimal
content of salt for the production and another, lower,
concerning the intake in order to consider the losses
during the storage and the transport. For example, 40
mg/kg (production); and 20 mg/kg (intake).

Iodine rate in salt depends on two parameters:

1. Recommended daily intake for one person nec-
essary to prevent IDD which must be added to the
median salt quantity consumed per person. It appears
that in endemic areas, each inhabitant should receive
150pg of iodine per day.

2. The median intake of salt per day and per per-
son in community at stake which depends on two fac-
tors, racial, climatic; indeed, consumption of salt is
higher under tropical climates than under moderate
climates.

Moreover, it’s necessary to consider the totality of
consumable salt: salt for cooking, salt on table, salt
used by industry to make bread, cheese and other
foods.

At different periods, various ways of iodine sup-
plementation had been tested. Concerning Russia, it
was the iodization of drinking water or iodine added
in bread which is a basis foodstuff in this country.

Today, we have chosen salt iodization because of
several reasons (WHO, 2011):

consumption in all the planet;

stable intakes during the year;

limited production in few geographic areas;

easy way to make use of this iodization and af-
fordable in all developing nations. The cost is about
only 0.02 to 0.05 dollars per child per year; and it
permits to earn 1000 dollars per year concerning the
death and 35 dollars concerning the life adaptation of
affected children;

addition of iodine doesn’t change color, neither
smell, neither taste;

the quality is supervised at the level of production,
sale, and household.

However, some negative points have to be em-
phasized:

1. Todized salt isn’t present in transformed prod-
ucts, ready-meals, canteens, intake of iodized salt re-
quires cooking was made by the family; it’s not al-
ways easy according to different ways of life.

2. Campaigns against hypertension in developed
countries caused a reduction of salt intakes so of io-
dine intakes in populations;

3. Russia and new independent republics, Bulgar-
ia, Rumania, have a low production of solar salt at the
seaside of Black Sea and Azov Sea. Most of their
needs are satisfied by gem salt (Venkatesh Mannar,
1995).

4. Only 55% of Belarus households consume io-
dized salt and only 30% in Russia and Ukraine. It
means that, about 41000 Belarus children, 274000
Ukrainian children, and 1 billion Russian children are
born with iodine deficiency each year. It’s necessary
that governments of these 3 countries act rapidly with
the help of international community. That’s why, it’s
important that health sector, medias, consumers asso-
ciations and salt producers work in concomitance in
order to household understand the necessity of suita-
ble daily iodine intake and in order to increase the ac-
cessibility of iodized salt (Veneman, 2006).
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AEOULUNT NOAA:
3NMUAEMMOJIONNA U NMULLLEEBASI MPODUNTAKTUKA

M. Bocm, A. MapmeH, )XX. Opauauuu

Hucturyt mukposnementos FOHECKO, Jlnon, ®pannus

PE3IOME. Mononedunmurasie 3a6onesanus (M/[3) MMPOKO pacHpOCTPAaHEHB B MHpPE, OCOOEHHO OT HHX
CTPaJial0T pa3BHBAIONIMECS CTpaHbl. Jehuimr ioma sBISETCS NMEPBOM MPUYMHOW YMCTBCHHOW OTCTAJOCTH B
MHpe, [IpaBa B CiIyyae pe3Ko BhIpakeHHOro aeduunta. Hanbosee uyBcTBUTENBHBI K AedUUnTy oxa Gepe-
MEHHBIE KEHIIMHBI 1 MajJeHbKkue neTr. K moctpamaBmmm ot fomonedunnTa MOKHO OTHECTH 14 eBpomencKux
cTpaH, B ToM unciie @pannuro, bensruro, Hopseruto, [lopryrammio u Poccnto, HaceneHne KOTOPHIX AEMOHCT-
PUpYyeT HU3KHIA YPOBEHB 3KCKpermn Hoxa ¢ mouoit (MII) (amke 100 mxr/m). Cpeanuii mokas3areis HoTpedie-
HUS HOUPOBaHHOI coim B cTpaHax LlenTpansnoii u Bocrounoit Esponsl u CHI™ cocraBmsier 50% u ocraercs
caMbIM HU3KUM Ha (oHe Bcex pernoHoB mupa. B Poccuu tonbko 35% wncnonbs3yror ioanpoBaHHylo conb. B
2006 r. OHNCE® nacuuran 16 «pemaromumx» cTpaH, B KOTOPBIX HEOOXOIMMO JIOTIOIHUTENFHO CIOCOOCTBO-
BaTh YBEJIMUYCHUIO MX YCHJIMH IO JIMKBUIAIWHU JeduunTa Homa. HecMOTps Ha TO, YTO 3TH CTPaHbI SBISIFOTCS
Ba)KHBIMH IIPOU3BOAUTEISIMU COJIH, KOJMYECTBO HOBOPOXKIECHHBIX, KOTOPHIM I'PO3UT AeUINT HOJa, SIBISETCS
BBICOKHM, CTETIEHb MOTPEOICHUS COMM HHU3Kasl, TO3TOMY HEOOXOANMO TPOBEACHHE KOHKPETHBIX MEp B IETSIX
MOOMJIM3aLUK HACEJICHHsI U TIPABUTEILCTB M, O0OJIee TOro, 0Ka3aTh TEXHUYECKYIO MOAJEPIKKY BO30OHOBICHHUIO
HalMOHAIBHBIX IPOTpaMM ycTpaHeHust neduuura ona. Eciu ot 16 cTpan yaaeTcs npuoOIMTE K ynoTpeoie-
HUIO HOAMPOBAHHON COJIM, TO CPETHEMUPOBAs JIOJISL JIOMOXO3SHCTB, KOTOPBIE YIIOTPEOIISIOT NPaBHILHO HOAM-
POBaHHYIO COJIb, TocTHIHET 85%. Bakno, uroOs! 3apaBooxpanenne, CMMU, accoumanum norpedureneit u mpo-
M3BOJUTENEH CONM B 3THX CTpaHax padOTaly COBMECTHO AJSI TOTO, YTOOBI CEMBHM MOHMMAIN HEOOXOJHMMOCTh
MOTPeOICHUS CYTOYHOI T3B! O/, a TakKe IS OBBIIICHHUS JOCTYITHOCTH HOTUPOBAHHOM COIH.

KJTFOUEBBIE CJIOBA: #tox, neuiur, sSmuaeMuoIorus, npoduIakTHKa, MHTaHKeE.
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