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Recent data on iodine excretion in the urine of adults, adolescents and newborns and on the iodine
content of breast milk indicate a high prevalence of iodine deficiency (moderate in many cases and severe
in a few) in many European countries. These cases may manifest as subclinical hypothyroidism in neo-
nates and as goitre in adolescents and adults. Lack of iodine causes not only goitre, but also mental
deficiency, hearing loss and other neurological impairments, and short stature due to thyroid insufficiency
during fetal development and childhood.

Although iodinated salt is available theoretically in most countries where it is needed, its quality and
share of the market are often unsatisfactory. In many countries where only household salt is iodinated the
iodine content has been set too low owing to an overestimation of household salt consumption. Govern-
ments are therefore urged to pass legislation and provide means for efficient iodination of salt wherever
this is necessary.

Iodine, like other trace elements, is an essential
nutrient, a deficiency of which causes goitre as well
as mental deficiency, hearing loss and other neuro-
logical impairments, and short stature due to thyroid
insufficiency during fetal development and childhood
(1).

The present review updates the previous evi-
dence (2) which showed that iodine deficiency and its
consequences are still prevalent in many parts of
Europe and that in only a few countries has this
been adequately corrected by iodine supplementa-
tion.

Recent findings
In neonates and young Infants
Parallel with the European Thyroid Association's
study on goitre and on the supply of iodine in adults
(2), another collaborative study was carried out to
assess the state of iodine nutrition and thyroid func-
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tion in young infants in Europe (3). The state of
iodine nutrition was based on the determination of
iodine concentrations in a large series of casual urine
samples when daily collections of urine were difficult
(4). All the iodine assays were performed in three
laboratories (in Brussels, Gottingen, and Catania).
Calibration between laboratories was achieved by
the exchange of standard and unknown samples.

Table 1 shows the marked regional differences
in iodine supply in infant populations in Europe.
The highest values were observed in northern
Europe where seafood is a staple diet, cows' milk is
rich in iodine, and iodinated salt is used on a nation-
al basis (2, 5-7). The lowest median values were
found in central and southern Germany where all
individual values were below 5 yg/dl. In addition, the
results obtained by the same method on newborns in
Hungary were 17.1 + 3.4 (S.E.) Mg/dl in an area with
no endemic goitre (n = 39), 2.7 + 0.3 ug/dl in an
area of endemic goitre without iodine prophylaxis
(n = 28), and 18.8 + 3.2 ig/dl in an area previously
affected by endemic goitre but currently utilizing
iodine prophylaxis (n = 15) (F. Delange, F. Peter, &
P. Bourdoux, unpublished). Finally, Willgerodt et al.
(8) reported a mean urinary iodine concentration of
1.7 + 0.2 yg/dl in 40 full-term infants in Leipzig in
southern German Democratic Republic.

Table 2 presents the urinary iodine excretion in
adults and newborns and the iodine content of
breast milk in some European countries or regions.
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in healthy full-
Europe and In

Median urinary Frequency (%)
No. of iodine concentration of values

City' infants (ug/dl) below 5 ug/dl

Toronto 81 14.8 11.9
Rotterdam 64 16.2 15.3
Helsinki 39 11.2 12.8
Stockholm 52 11.0 5.9
Catania 14 7.1 38.4
Zurich 62 6.2 34.4
Lille 82 5.8 37.2
Brussels 196 4.8 53.2
Rome 114 4.7 53.5
Toulouse 37 2.9 69.4
Berlin 87 2.8 69.7
Gottingen 81 1.5 91.3
Heidelberg 39 1.3 89.8
Freiburg 41 1.1 100.0
Jena 54 0.8 100.0

' The European cities are listed according to decreasing values
(data from Delange et al. (3)).

Although different methodologies were used for the
assessment of iodine intake in adults and in infants,
there was close parallelism between the results.
Decreasing iodine excretion in adults paralleled a
decrease in the iodine content of breast milk. The
lowest figure in breast milk (1.2 pg/dl) is like the one
observed in Ubangui in Zaire, which is reported to
be one of the most severe goitre endemic areas in the

world (9, 10). In spite of the widespread availability
of industrially prepared food products and of
formula milk for newborns, the microenvironment
still has a definite influence on the nutritional status
of infants.

Table 2 also shows that the incidence of spor-

adic congenital hypothyroidism which was detected
by screening of newborns, although slightly higher in
Sweden, was similar in the different areas investi-
gated, and close to the figure of 1/3600 reported after
the screening of almost 2 million newborns in
Europe up to 1979 (11). In contrast, using the same

criteria for recall (serum TSH > 50 jpU/ml), the recall
rates increased 13-fold from 0.07% in Stockholm to
0.89% in Heidelberg/Freiburg, when the median
urinary iodine decreased from 11 to 1 yg/dl. The
recall rate was even higher in the district of Suhl in
south-western German Democratic Republic where
the iodine intake was 16 pg/day and prevalance of
goitre was 35.2% (12), since the recall rate of 0.74%
was based on a recall of serum TSH values > 100
MU/ml instead of > 50 pU/ml (13). The percentage of
recalled infants who were normal or who had tran-
sient hyperthyrotropinemia increased from 37.1% in
Stockholm to 94.7% in Freiburg (3). Conversely, the
percentage of recalled infants with confirmed spor-
adic congenital hypothyroidism decreased from 60%
in the former to 3.4% in the latter areas. In other
words, the probability that an infant with a serum
TSH > 50 pU/ml on day 5 will have sporadic conge-

Table 2: Comparison of iodine concentrations (obtained In European countries or regions) In the urine of aduits, in
breast milk, and In the urine of Infants at the time of screening for congenital hypothyroidism (CH), together with the
recall rate at screening and the Incidence of confirmed congenital hypothyroldisma

Adults Newborns on day 5b

Urinary iodine Mean iodine Median iodine Incidence
Country or excretion concentration in concentration in Recall rate of

region (pg/day) breast milk (pg/dl) city urine (pug/dl) (%)C CH

Netherlands 88-140 Rotterdam 16.2
Finland 238-270 Helsinki 11.2
Sweden 91-140 9.3 Stockholm 11.0 0.07 1/2200
Sicily (non-endemic area) 113 Catania 7.1 0.16 1/3700
Switzerland 126-141 Zurich 6.2 1/3400
Spain (Madrid) 89 7.7 1/3200
France 55-126 8.2 Lille 5.8 0.15 1/3600
Belgium 51 9.5 Brussels 4.8 0.21 1/3200
Italy (Rome) 37 Rome 4.7 0.11 1/3000
Federal Republic of Germany:

North 35 Berlin 2.8 1/3000
South 20 2.5 Freiburg 1.2 0.89 1/3000

Sicily (endemic area) 22 2.7 Bronte 0.67
German Democratic Republic (south) 16 1.2 Jena 0.8 > 0.74 1/3500

a Compiled from Scriba et al. (2), Delange et al. (3, 9, 11), Mornex (23), Meng et al. (12,24), Sava et al. (18), Escobar del Rey et al. (25),
Siracusano et al. (26), Heidemann et al. (27), Mallol & Morreale de Escobar (28), Etling et al. (29), Weber et al. (13), and from present
data (Table 3).
b At screening for congenital hypothyroidism.
c Based on serum TSH >50 pU/ml.

Table 1: Urinary Iodine concentrations
term infants on day 5 In 14 cities in
Toronto, Canada
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Table 3: Prevalence of goltre compared with the Iodine content In the food Intake and In the urine In adolescent and
adult subjects In European countries

Iodine excretion in urine or
Country' Goitre prevalence" (%) intake in foodc (pg) Referencesd

Austria (3H31) 47-110/C 2, 33, 34
Belgium (2)-(3) 43-79/C 2, 33, 35
Bulgaria 12 2, 32, 33
Czechoslovakia 11-(54) 109/D 2, 30, 32, 33
Denmark (3)-(18) 64/D-100/D 33, 36-39
Finland (0.2H6) 238-270/D 2, 6, 7, 39
France 3.5 (1.2)-(10) 55-126/C 23
German Democractic Republic 12 (1.9H82) 22-66/C 2, 40-42
Federal Republic of Germany 30 (4)-(32) (20)-64/C 2, 17
Greece (30) 20-94/D 2,31, 33
Hungary (11H17.8) 2, 32
Iceland 0 270/D-395/D 2, 33, 75
Ireland (12)-(27) 111/C 2, 33
Italy (6)-(58) 19-101/D 2, 43-45
Netherlands (4H35) 88-140/D 2, 46
Norway 0-(1.5) 147-247/D 2, 39
Poland (< 5)-(> 20) 2, 32, 33
Portugal (9H54) 12 2, 33
Romania (16.8H60) 2, 30, 32,33
Spain (1H54) 24-115/L 2,25, 47-52
Sweden 0 91/D-141/C 2, 17, 39
Switzerland (1)-(34) 126/D-141/D 1, 33, 53
Turkey (15) 33
United Kingdom (8) 100/D-250/F 2, 54, 55
Yugoslavia (25) 100/C 2, 33, 56

No recent information was available from Albania, Israel, Luxembourg and the USSR.
b Stages Ob or la of goitre are disregarded. Figures in parentheses are regional values.
c Most values are regional. Units used: /C = pg per gram creatinine in urine; /D = pg per day in urine; /F = ,ug per day in food; /L = pg
per litre in urine.
d References given are those not included in previous reviews (see 1, 2,30-33).

nital hypothyroidism is 60% when the iodine supply
of newborn populations is adequate but is only 3%
when the supply is low.

False positive results (TSH elevated during
screening but reverting to normal at control) in neo-
natal thyroid screening programmes are caused by a
transient impairment of thyroid function (called
compensated or subclinical hypothyroidism) in
children and adults (14). Consequently, this work
confirms the conclusion reached in endemic goitre
areas with severe iodine deficiency that newborns
constitute a target population for goitrogenic factors
in the environment (15, 16) and that neonatal
thyroid screening for congenital hypothyroidism
provides a sensitive means for their detection. In
contrast to these findings in neonates, studies in
children and adults in Europe show that the regional
variations of iodine supply do not modify thyroid
function in terms of serum concentrations of TSH,
even in the southern part of the Federal Republic of
Germany (17), except in areas of overt endemic
goitre (18).

The higher susceptibility to iodine deficiency of
thyroid hormone production in newborns is
explained by the relatively high requirement of thy-

roxine during the first six months of life (as much as
30% of the requirement of adolescents and adults)
(19), while the iodine stores of the thyroid in new-
borns is only 0.5-1% of the values of adolescents
and adults (20). Therefore, the turnover rate of
intrathyroidal iodine is much higher in newborns
than in adults, and any impairment in the accumula-
tion of iodine stores within the thyroid will affect
thyroid function more critically in newborns than in
adults. The main factor involved in the iodine
content of the thyroid is the dietary supply of iodine.
Thus, in accord with the iodine supply to newborns
the iodine content of the thyroid of neonates is much
lower in Brussels than in Toronto (F. Delange, P.
Walfish, & P. Bourdoux, unpublished). In contrast,
the iodine stores of the adult thyroids are almost
similar on both continents (10-20 mg) (21), because
in adults the compensatory marked increase in the
thyroidal iodide clearance rate maintains an unmod-
ified absolute iodide uptake (22) over years and com-
pensates for a lower iodine intake.

In adolescents and adults
Several recent reviews have dealt with the endemic
goitre situation in Europe (2, 30-33) and Tables 3 to

WHO Bulletin Vol. 67 1989 319



F. Delange & H. Burgi

Table 4: Composition and availability of lodinated salt in European countriesa

Iodine in salt

No. of samples
Intended content within 30% of aim/total

Iodine (mg iodine number of samples
Country compound per kg salt) analysed Distribution and market share

Austria KI 7.5 6/6 Household salt 98%, food industry 62%.
Belgium Nal 14.4 0/2 Special shops only.
Bulgaria KI 15 - Household and food industry;

compulsory in endemic regions.
Czechoslovakia KI 19 5/5 1 kg packages only.
Denmark - - Sale of iodinated salt prohibited.
Finland KI 25 11/11 Household, over 95%.
France Nal 10-15 4/16 Household only, 50%-100%.
German Democratic Republic:

Until 1985 KI 11 1/14
From 1985 K103 20 9/12 Household only, 90%.

Federal Republic of Germany K103 15-25 17/17 Household only (30% or less).
Greece KI 32 0/4 Irregular use and availability.
Hungary KI 15
Iceland - - Not available.
Ireland KI 15-25 4/4 Household only, endemic regions mainly

(1% of total).
Italy KI 15 4/17 Limited use.
Luxembourg KI/Nal 4 or 14 1/2 Specialized shops only.
Netherlands KI 43 to 50 10/10 Bakeries, 100%; household, 90%.

KI 26 2/2
Norway 5 1/1 Household
Poland 103- 5-12 0/1
Portugal KI 15 4/4 Endemic areas only; household and

food industry, 100%.
Romania K103 12 Limited distribution.
Spain KI 60 3/3 Household only, share unknown.
Sweden KI 50 2/11 Household only.
Switzerland KI 15 12/12 Household and food industry, 92%.
United Kingdom KI 15-25 1/2 Household, about 1-2.5%.
Yugoslavia KI 7.5 2/2 Household and food industry, about 100%.

a Based on data from references 2, 20 and 31, from an internal report of the Swiss Rhine Salt Works, and from H. Burgi (unpublished
new data). For individual country references, see Table 3. No iodinated salt is available in Israel (Z. Levitus, personal communication).

5 summarize their findings, together with newly
available evidence. Contrary to the neonatal studies,
the data are taken from various sources and are
based on different methodologies. Caution is there-
fore needed in comparing the results between coun-
tries. However, as was shown with the neonatal data
(Tables 1 and 2), Table 3 indicates moderate to
severe iodine deficiency affecting the adolescent and
adult populations of many regions in the Federal
Republic of Germany, the German Democratic
Republic and Italy. In addition, these results reveal
moderate to severe iodine deficiency in parts of
Austria, Greece, Portugal, Romania and Spain.
Lesser degrees are revealed in many other countries,
and only a few are free of iodine deficiency. Unfor-
tunately, in a number of countries the figures are
incomplete or not up-to-date. In Finland, Norway
and the United Kingdom, as a result of iodinated
cattle feed, milk has become a more important
source of iodine than iodinated salt (6, 7).

lodinated saft consumption

Table 4 summarizes the information on iodinated
salt, which is available in most of the countries sur-

veyed. However, the market share, iodine content,
iodine compound and quality of the product are

highly variable. In only a few countries that formerly
were iodine deficient does adequately iodinated salt
reach the consumer in a regular and dependable
manner and in good quality. Many of the salts we

analysed were grossly inadequate with respect to
their iodine content. Table 4 also shows the distribu-
tion of iodinated salt. Many countries limit iodina-
tion to household (table and kitchen) salt. In the
Netherlands bakery salt is also iodinated and
Austria, Bulgaria, Switzerland and Yugoslavia make
iodinated salt available for households and for all
industrial food productions including cheese, sausage

and bread. The total amount of salt consumed per

capita is relatively similar in the few examples of
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Table 5: Total salt consumption by men and women In five Industri-
alized countries

Total salt consumption
(gram NaCI per
capita per day)

Country Men Women Method" References

Finland 12-15 10-12 F 60
10.7 8.1 U 61

Federal Republic
of Germany 11.3-12.2 9.5 U 57, 58

Switzerland 11.3 8.5 U 53
12.7 F 59

United Kingdom 10.6-11.4 7.4-10.1 U 62-66
USA 10-12 7.4 F 67

6.3 U 68

Methods used are urinary sodium or chloride excretion (U) and food and
diet analysis (F).

industrialized countries shown in Table 5, namely
6- 10 g per capita per day for women and 10-12 g for
men, if based on urinary excretion; food analyses
tend to give somehow higher values. If all the salt is
iodinated at 15 mg iodide per kg, as is the case in
Switzerland, a daily salt intake of 10 g assures an
iodine intake of 150 pg. Allowing for the 90%

Fig. 1. Pathways of salt Intake.
A: total salt ingestd (may be estimated from dietary
survey or from B).
B: urinary sal excretion (virtually identical to A).
C: houshold sIt added In the kitchen and at the table.
D: "hidden salt" in oommercial food products.
E: salt los during food preparation.
F: tobtl salt produced for human consumption.
For supplying Iodine either pathway C or D or both (i.e.,
A) can be usd, the last being preferable, sine C and D
are difficult to estimate and highly variable, while A can
be derived from 3.

Salt for technical (non-food) use

Salt for animal consumption
F Total salt produced for human consumption

Food 'Hidden' salt

Industry D A

Household Household salt 1,

Salt lost during food preparation
E I

Urinary salt
B

market share of iodinated salt, for faecal iodine ex-
cretion and for the iodine intake before salt iodina-
tion (20-30 pg/day) this prediction is approximately
borne out by the actual urinary iodine excretion
data (Table 3).

Fig. 1 schematically shows the various channels
through which salt reaches the alimentary tract of
the consumer. If only household (kitchen and table)
salt is iodinated one needs to know the contribution
of this channel to calculate the necessary concentra-
tion of iodine. James (69) has analysed the difficulties
in estimating the intake from household (kitchen and
table) salt. Periodic weighing of salt containers in
families in Dortmund showed that on the average
2.2 g of household salt were used per adult (58). This
estimation does not take into account that only
20-30% of salt used for cooking is actually ingested,
the rest being lost in the cooking water (70, 71). The
most accurate method for measuring actual ingestion
of household salt, the lithium marker technique, esti-
mates it at about 15% of the total salt intake, i.e., 1.5
g per capita per day (66, 69-71). The previous gross
overestimation of household salt consumption prob-
ably explains why iodination of household salt alone
raises urinary iodine excretion far below expectation
(42, 45, 72, 73) and may yield poor results with
respect to goitre prevalence. Thus, if only household
salt is used as the vehicle for intake, its iodine
content must be relatively high in order to contain
the required supplemental iodine in 1.5 g of salt (e.g.,
66 mg of iodine per kg salt if 100 pg iodine per day
are to be supplemented).

Conclusions and recommendations
Based on the criteria outlined in Table 6, our conclu-
sions are summarized in Table 7. Both neonate and
adult data are in agreement and show that iodine
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Table 6: Criteria for correlations between classification of goltre endemicity and the level of urinary Iodine (in adults
and neonates) and the Iodine content In breast milk"

Average adult urinary iodine
(pg per day or per g creatinine) Average neonate urinary iodine Average breast milk iodine

Grading (74) (pg per dl) (jg per dl)

Grade 0 (non-endemic) >100 >5 >5
Grade endemia 51-100 3.1-5.0 3.1-5.0
Grade II endemia 25-50 1.5-3.0 1.5-3.0
Grade lIl endemia <25 <1.5 <1.5

The adult urinary iodine criteria are taken from ref. 74; the neonate and breast milk criteria are newly proposed by the present authors.

deficiency still exists in many parts of Europe. In
adults the well-known consequence is goitre, but the
high susceptibility of the developing brain is often
overlooked. Not only have overt cretins recently
been born in Spain, but exact testing has established
that, in iodine-deficient areas, apparently normal
schoolchildren attain a lower mental and psycho-

motor level, an effect with potentially grave conse-
quences for adult life (25, 50, 76).

Unfortunately, salt iodination programmes are
inadequate in many European countries for many
reasons: iodinated salt may not have a sufficient
market share owing to the higher price or lack of
regular availability and popularity (Tables 3 and 4).

Table 7: Grading of goitre endemicity In 25 European countries and recommendations

Grading by assessment of iodine intakea

From neonate and From adolescent and
Country breast milk data adult data Recommendations

Austria 0-11 Increase of iodine in salt to be considered.
Belgium 0-1 0-1 Data on goitre needed (low prevalence

despite low iodine?).
Bulgaria ob Continuation of present salt iodination.
Czechoslovakia 0-l(llb) Increase of iodine in salt to be considered.
Denmark 0-1 New data on goitre needed.
Finland 0 0 Continuation of present salt iodination.
France 0 0-4 Urgent (regional) improvement in salt

iodination programme.
German Democratic Republic III 11-111 Evaluation of effectiveness of new

iodination programme urgent.
Federal Republic of Germany 11-111 l-wIl Increase of share of iodinated salt urgent.
Greece I-Ill Urgent improvement of (regional) iodination

programme.
Hungary 0-11 New data on goitre and iodine needed.
Iceland 0 (probable) Data on goitre and iodine needed.
Ireland 0-I New (regional) data on goitre and iodine

needed.
Italy 0-11 0-111 Need for improvement of (regional?)

iodination programme urgent.
Netherlands 0 0-I Increase of iodine in salt to be considered.
Norway 0 No measures.
Poland o-ib New goitre and iodine data needed.
Portugal 0-111 Assessment (and if necessary improvement) of

effectiveness of regional salt iodination.
Romania _§b Increase of iodine in salt (regional)

to be considered.
Spain 0 0-111 Need for (regional) salt iodination urgent.
Sweden 0 0 Continuation of current iodination programme.
Switzerland 0 0-I Data on goitre in adolescents needed.
Turkey Data on iodine and goitre needed.
United Kingdom 0 (probable) Data on iodine (and goitre) needed.
Yugoslavia 0-1 Increase of iodine in salt to be considered.

See Table 6 for grading criteria.
b Goitre data only.
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It may also be of poor quality with regard to the
iodine content. Finally, failure of taking into account
the low contribution of household salt to the daily
salt intake may have resulted in miscalculation of the
salt iodine content in several instances.

Our recommendations (Table 7) are admittedly
based on insufficient data in some countries where
more data should be made available. Most import-
antly, governments are urged to improve the existing
or to start new salt iodination programmes wherever
iodine deficiency has been identified. Iodinated salt
should be regularly available, should have a constant
and sufficient iodine content, and should not have a
higher price than the non-iodinated variety. People
in iodine-deficient areas should be given the reasons
for using iodinated salts through suitable health edu-
cation campaigns. Finally, progress should be
checked by regular monitoring of neonate and adult
iodine excretion and goitre prevalence data.
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Resume

Troubles de la carence lodee en Europe
Des donnees recentes sur le taux d'excretion de
l'iode dans les urines d'adultes, d'adolescents et
de nouveau-nes, ainsi que sur la teneur en iode du
lait maternel, indiquent une forte prevalence de la
carence iodee (souvent mod6ree mails parfois
grave) dans bon nombre de pays europeens. Cette
carence peut se manifester chez le nouveau-ne
par une hypothyroidie infraclinique et chez l'adulte
et l'adolescent par un goitre. Le manque d'iode ne
provoque pas seulement l'apparition d'un goitre,
mais aussi une arrieration mentale, une baisse de
l'acuite auditive et d'autres atteintes neuro-
logiques, accompagnees d'un retard statural du a
l'insuffisance thyrofdienne au cours de la vie
foetale et de 1'enfance.

Bien que le sel iode soit theoriquement dis-
ponible dans la plupart des pays ou il est necess-
aire, sa qualite et la place qu'il occupe sur le
marche sont souvent peu satisfaisantes. Dans de
nombreux pays ou seul le sel domestique est iode,
sa teneur en iode a ete fixee trop bas parce qu'on
a surestime la consommation domestique de ce
produit. En consequence, les gouvernements sont

instamment pries d'adopter une legislation sur ce
sujet et d'assurer une iodation suffisante du sel
partout ou cela est necessaire.
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