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Quantification of Iodine Supply: Representative
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Abstract
Background/Methods: In Germany, iodine deficiency is
common. In a representative group of 2,500 Germans
(age 113 years), using a specially designed food ques-
tionnaire, the iodine intake was calculated. In addition,
iodine and creatinine concentrations in spot urine sam-
ples were determined in three groups with a possibly
increased risk of iodine deficiency (769 conscripts, 886
pairs of mothers and newborns) or future hyperthyroid-
ism (574 adults, age range 50–70 years) from 26 repre-
sentative regions. In four groups of controls (young and
older male and female adults; n = 91), 24-hour urine
iodine and creatinine were measured in six diurnal frac-
tions to calculate group- and period-specific factors for
the estimation of the 24-hour iodine excretion from data
of iodine/creatinine ratio and time of micturition in spot
urine samples. Results: The mean calculated iodine in-
take (excretion) was 119 Ìg/day for the group of Ger-
mans above 13 years; it was 119 Ìg/day (125 Ìg/day) for
adults aged 50–70 years, 137 Ìg/day (125 Ìg/day) for con-
scripts, and 162 Ìg/day for breast-feeding mothers. The
median iodine concentration (iodine/creatinine ratio)

was 9.4 Ìg/dl (83 Ìg/g) in 566 adults aged 50–70 years,
8.3 Ìg/dl (57 Ìg/g) in 772 conscripts. and 5.6 Ìg/dl (156
Ìg/g) in 739 breast-fed newborns. Conclusions: Com-
pared to older data, the iodine intake in Germany has
increased. In 1996, the meticulously quantified average
deficit was about 30% of the recommended iodine in-
take.

Copyright © 2002 S. Karger AG, Basel

Introduction

Iodine (I) deficiency disorders (IDD) are still an en-
demic health problem in Germany despite remarkable
improvements in I supply during the last 20 years [1, 2].
There is no general I prophylaxis. The use of iodized salt
(20 Ìg I/g) in households and food industry is voluntary.
Still less than half of all industrial food is produced with
iodized salt, although in 1989 it became legal to add iod-
ized salt to industrially processed foods and to meals pro-
vided by caterers and then, in 1993, to use iodized salt in
the pickling of meat and sausages. Finally, in 1993, new
regulations superseded the previous legislation, compli-
cating the declaration of iodized salt [3].

IDD include diffuse and nodular enlargement of the
thyroid and a wide spectrum of growth, psychomotor, and
mental anomalies [4]. On the other hand, if the I intake
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Table 1. Structure of the study: iodine intake and urinary iodine excretion in Germany 1996

German
adults

Groups with risk of

hyper-
thyroidism
(elderly;
25 regions)

iodine deficiency

conscripts
(26 regions)

pairs of mothers and newborns
(26 regions; 76 obstetric units)

lactating mothers

A2 B3

non-lactating
mothers

Controls (six centres)

Age, years/days 113 50–70 17.5–21 16–46/3–5 19–43/3–6 19–43/3–6 18–21 19–39 50–70 50–70
Sex, males/females m/f m/f m f/m+f f/m+f f/m+f m f m f
Recruitment represent. represent. represent. represent. represent. represent.
Number of subjects/pairs

Addressed 3,842 1,260 934 25 25 25 25
Participating 2,474 580 778 767 72 65 25 24 25 25

Number of food fre-
quency questionnaires 2,5001 574 769 751 70 65 25 24 25 25

Number of single 
void urine samples 566 772 –/739 70/70 65/63

Number of 24-hour urine samples
Total 25 24 21 21
In six fractions 15 14 14 14

Number of breast milk samples 72

1 Weighting, multistage, stratified, area-based probability sample.
2 Urine samples only from the newborns.
3 Breast milk samples and urine samples from one pair of mother and newborn per obstetric unit.

(InI) in the general population increases, the incidence of
thyrotoxicosis might be enhanced [5]. Therefore, it is
mandatory to monitor the InI in the general population
and to consider the problems of risk groups. The I status
of a group of subjects can be assessed on the basis of many
parameters, including InI and urinary I (UI) excretion [6].
According to the WHO [6], the I status of a population is
adequate, if the median UI concentration is 110 Ìg/dl
and if no more than 20% of the population have UI con-
centrations !5Ìg/dl. Furthermore, in endemic goitre ar-
eas an I deficiency grade I (II, III) is defined by an average
ratio !1 of UI concentration and creatinine concentra-
tion (I/Cr) of 50–100 Ìg/g (25–50 Ìg/g, !25 Ìg/g) [7].

Whereas previous studies were performed only in
selected German regions, this work, conducted in 1996, is
the first nation-wide survey of the I status in Germany [2,
8]. The InI was calculated in a representative sample of
German adolescents and adults. Furthermore, InI and UI
in spot urine samples were determined in representative
regional groups of conscripts and pairs of lactating moth-
ers and newborns, representing groups with a possibly
increased risk of I deficiency. Adults aged 50–70 years
with an elevated risk of hyperthyroidism due to persistent
autonomy of the thyroid were also included. In four

groups of adult controls, data of calculated InI were com-
pared with data of I/Cr and UI excretion in 24-hour urine
samples. Quantification of I supply among the German
general population and the selected age and sex groups
was based on these data.

Subjects and Methods

General Population
The InI was assessed in a representative group of the German

population 113 years of age (n = 2,500, table 1). All individuals regu-
larly living in a selected household were eligible to participate in the
interview of the survey; those who were living at school, in military
barracks, or in other institutions were excluded. The interview was
performed in March 1996 by specifically trained personnel [2, 8].

Conscripts, Pairs of Mothers and Newborns, and Adults Aged
50–70 Years
Further representative samples of the German population were

selected in order to assess the I status in detail in three population
groups with a special sensitivity to I deficiency or high InI and to
detect major regional differences of I supply (table 1). To minimize
the logistic expenditure for urine sampling, the subjects were re-
stricted to 26 regions with 261,000–602,000 subjects each, repre-
senting 13% of the German population. Groups of 30 conscripts, 36
pairs of mothers and newborns, and 20 adults aged 50–70 years were
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Table 2. Estimation of individual mean
daily iodine intake Food with considerable iodine content

Milk (cup: 200 ml) __ cups/day W14 Ìg = __ Ìg/day
Yoghurt, kefir (beaker: 150 g) __ beakers/day W10 Ìg = __ Ìg/day
Marine fish (dish: 180 g) __ dishes/day W140 Ìg = __ Ìg/day

Food with potentially relevant iodine content
Bread (slice: 50 g) __ slices/day W12 Ìg Wk1 = __ Ìg/day
Rolls (piece: 50 g) __ pieces/day W 12 Ìg Wk1 = __ Ìg/day
Pretzels (piece: 60 g) __ pieces/day W 20 Ìg Wk1 = __ Ìg/day
Biscuits (piece: 100 g) __ pieces/day W 5 Ìg Wk1 = __ Ìg/day
Meat products (slice 20 g) __ slicesa/day W12 Ìg Wk2 = __ Ìg/day

Iodized table salt (20 Ìg/day Wk3) – (2.3 Ìg/day Wk3 Wn) + (2.3 Ìg/day Wk4 Wn) = __ Ìg/dayb

Iodine tablets (actual intake) = __ Ìg/day
Individual basal iodine intake __ energy intake kcal/day W0.013 Ìg/kcal = __ Ìg/dayc

Individual mean daily iodine intake = __ Ìg/day

k1: Produced with iodized salt = 1; produced with normal salt = 0; unknown = 0.5 (assu-
ming that 50% of German bakery products are produced with iodized salt); k2: produced
with iodized salt = 1; produced with normal salt = 0; unknown = 0.4 (assuming that 40% of
German meat products are produced with iodized salt); k3: iodized table salt = 1; normal
table salt = 0; unknown = 0.7 (assuming that 70% of the German population uses iodized salt
at home); k4: warm meals eaten out prepared with iodized salt = 1; prepared with normal salt
= 0; unknown = 0.3 (assuming that 30% of German warm meals eaten out are prepared with
iodized salt); n: number of warm meal eaten out/week.
a 1 slice = covering (20 g) for a slice of bread.
b Mean intake of iodized table salt (20 Ìg/g) of an adult in Germany is about 1 g. A warm
meal is supposed to contain 80% of daily consumption of iodized salt. One warm meal per
week corresponds to 2.3 Ìg/day.
c Excluding iodine intake of food with considerable and potentially high iodine content,
iodized table salt, and iodine tablets and neglecting iodine excretion in faeces of about 15
mg/day [16]; the estimated individual basal iodine intake corresponds to the product of the
individual daily energy intake according to sex, age, weight and height [13–15] and the esti-
mated mean iodine density of German food (13 Ìg/1,000 kcal).

supposed to be interviewed in each region and to supply a spot urine
sample. With the support of the Federal Ministry of Defense, one
group of conscripts was called up in each of the 26 regions, which had
29 conscription and recruiting offices, on a defined day between Feb-
ruary and July 1996 [8]. Each group was representative of the con-
scripts’ educational level in the respective regions.

In each of the 26 regions three representative obstetric units were
selected (table 1). Starting on a fixed day of a week between February
and November 1996, all mothers of exclusively breast-fed newborns
from the selected obstetric units were addressed until a fixed number
of responding mothers had been recruited. The number depended on
the percentage of deliveries at a specific obstetric unit in comparison
to the total number of deliveries at the three obstetric units of the
region in 1995. One mother with an exclusively breast-fed newborn
willing to give samples of human milk and urine was listed separately
and 1 non-lactating mother willing to give a urine sample was
addressed additionally.

The group of men and women aged 50–70 years was designed as a
multistage, stratified, area-based (only 25 regions) probability sample
representative of the German population aged 50–70 years (table 1).

Controls
In the six regional logistic centres (Hamburg, Berlin, Dortmund,

Jena, Heidelberg, and Munich), 100 healthy control subjects were
selected to give an interview and a 24-hour urine specimen including
urine collection in six fractions (07.00–09.59 h, 10.00–12.59 h,
13.00–15.59 h, 16.00–18.59 h, 19.00–21.59 h, and 22.00–06.59 h;
table 1). Final analysis was based on the data of 99 interviews and 92
24-hour urine samples. Of the 8 excluded 24-hour urine samples, 2
were from subjects with a history of intake of I tablets or medications
containing I, and 6 displayed a urinary creatinine excretion that was
below 60% of the mean of the subgroup.

Iodine Intake
Quantification of the InI was based on a food frequency question-

naire asking for daily (weekly) consumption of food products with a
considerable (marine fish, milk, milk products) or potentially rele-
vant I content (bread, rolls, pretzels, biscuits, sausages; table 2). Sev-
eral queries concerned the use of iodized table salt (packages of 500 g)
at home and in regularly visited restaurants and canteens, the appli-
cation of iodized salt in 50-kg bags used in the production of food by
the subjects’ regular bakers and butchers, and the intake of I tablets
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for I deficiency prophylaxis. Before the use of iodized salt, the mean
InI of German adults was about 60 Ìg/day [9]. In German adults, the
mean InI from marine fish is about 18 Ìg/day [10] and from milk and
milk products (169 g/day) about 12 Ìg/day (7 Ìg/100 g) [11]. There-
fore, the mean basal InI not including InI from food with a consider-
able and potentially relevant I content, iodized salt, and I tablets was
estimated to be 30 Ìg/day or 13 Ìg/1,000 kcal, assuming a mean ener-
gy intake of 2,300 kcal/day per adult [12]. The individual basal InI
was assumed to be the product of the estimated individual basal met-
abolic rate considering age, sex, body weight, and height [13, 14] and
the physical activity index considering age and sex class [15]. The
individual mean daily InI corresponds to the calculated I amount
contained in food, iodized table salt, I tablets, and the individual
basal InI (table 2).

I excess was assumed, if the UI excretion (InI) was 1500 Ìg/g
(1500 Ìg/day) in adults and 2,500 Ìg/g in newborns. These data were
excluded from regular data analysis. X-ray examination with con-
trast media during the last 6 months or the intake of I-rich medica-
tions for the treatment of conditions other than I deficiency could
result in I excess. In order to identify such medications, all drugs
taken by the subjects were evaluated for their I content. In order to
explain unusually high levels of UI excretion, the participants sup-
plying urine samples were asked whether they had consumed marine
fish or a meal flavoured with algae products up to 48 h before urine
collection. The interview included further queries concerning height,
weight, and socio-economic status.

Iodine Excretion
Spot urine, 24-hour urine, and human milk samples were col-

lected in institutions or at home, frozen, stored at –20°C, and trans-
ported to the laboratory in Dortmund. Quantification of the UI was
carried out by a modified Sandell-Kolthoff method after wet acid
ashing of the urine samples and alkaline ashing of the human milk
samples [17]. The intra-assay precision at an I concentration of
10 Ìg/dl was 4.2%. The accuracy was tested with standards of Na-
thyroxinate and internal and external pool urine. Urine samples with
an I concentration below the limit of quantification of 1 Ìg/dl or an
I/Cr ratio 1500 Ìg/g in adults and 2,500 Ìg/g in newborns, which led
to an assumption of I excess, were not included in regular data analy-
sis. The urinary creatinine concentration was measured using a Beck-
man 2 creatinine analyzer (Beckman Instruments, Fullerton, Calif.,
USA).

Statistics
SAS procedures (version 6.11) were used for data analysis. Least-

square regression lines passing the origin were calculated between UI
concentration (Ìg/dl) and UI excretion (Ìg/day) and between I/Cr
(Ìg/g) and UI excretion (Ìg/day) in the four subgroups of the controls.
Differences between I/Cr for the defined periods during the day and
I/Cr for 24 h were tested with the aid of ANOVA. The dependency of
the UI concentration (Ìg/dl) in newborns on the age of the newborn,
the intake of I tablets by the mother, the baby’s urinary creatinine
concentration, and the respective obstetric unit was tested with the
aid of multiple stepwise regression analysis. Regional differences of
calculated InI or UI excretion in micrograms per day were tested by a
non-parametric analysis of variance (Kruskal-Wallis). Informed con-
sent had been obtained from the participants and from the mothers
of the newborns.

Results

Iodine Intake
In 1996, 75% of the German population aged 113

years used iodized table salt at home, 1.3% used iodized
tablets, and 3.0% used other I-containing medications.
8.2% had been treated medically and 2.0% surgically
because of thyroid disorders. Table 3 shows the calculated
InI for a representative group (n = 2,500) of the German
population aged 113 years and for three further groups –
574 adults aged 50–70 years, 769 conscripts, and 751
breast-feeding mothers – from 26 representative regions
of Germany. Figure 1 shows the sources of InI in the four
groups. The sources of InI for the regional groups of adults
aged 50–70 years were very similar to those of the Ger-
man population aged 113 years. The conscripts showed
an above-average InI from milk products, meat, and bak-
ery products and a below-average InI from iodized table
salt and marine fish. Breast-feeding mothers were the only
group that had used I tablets to a notable extent (21%).
There were significant (p ! 0.001) regional differences of
InI. The mean differences between the three regions with
the highest InI and the three regions with the lowest InI
were 44 Ìg/day in conscripts, 38 Ìg/day in adults aged
50–70 years, and 74 Ìg/day in breast-feeding mothers.

Iodine Excretion
Tables 4 and 5 show UI concentrations (Ìg/dl) and I/

Cr (Ìg/g) in 278 men and 288 women aged 50–70 years, in
772 conscripts, and in 739 breast-fed newborns from 26
regions in Germany. In the conscripts and in the men and
women aged 50–70 years, the median values of UI con-
centrations were distributed over a smaller range (9.5–
10.7 Ìg/dl) than the median values of I/Cr (57–96 Ìg/g).
In breast-fed newborns, the coefficient of variance of the
UI concentration was lower than the coefficient of vari-
ance of the I/Cr (99 vs. 126%), in contrast to the data for
the groups of conscripts (68 vs. 61%) and adults aged 50–
70 years (70 vs. 61%).

In the 57 fractionated urine samples from the controls,
the I/Cr had a significant (p ! 0.01) circadian rhythm:
07.00–06.59 h (next day) = 100%, 07.00–09.59 h =
83.5%, 10.00–12.59 h = 93.5%, 13.00–15.59 h = 106.9%,
16.00–18.59 h = 109.3%, 19.00–21.59 h = 113.1%, and
22.00–06.59 h = 97.2%. In the 24-hour urine samples
from the 25 young men in the control group, the linear
regression coefficient between UI excretion (Ìg/day) and
I/Cr (Ìg/g) was 1.72, in the 24 young women 1.24, in the
21 men aged 50–70 years 1.56, and in the 21 women aged
50–70 years 1.02. Taking into account the circadian



132 Ann Nutr Metab 2002;46:128–138 Manz/Böhmer/Gärtner/Grossklaus/Klett/
Schneider

Fig. 1. Sources of estimated mean daily
iodine intake in Germany in 2,500 subjects
aged 113 years, 574 adults aged 50–70 years,
769 conscripts, and 751 breast-feeding
mothers.
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Table 3. Estimated iodine intake (Ìg/day) in 2,500 subjects aged more than 13 years, including a subgroup of 780 participants of the age class
50–70 years as well as in 281 men and 293 women aged 50–70 years, 769 conscripts, and 751 breast-feeding mothers, representing risk groups
for iodine excess and/or iodine deficiency disorders in 26 (25) regions of Germany

Germany on the whole
population 113 years

all adults
50–70 years

26 regions of Germany
Risk groups

adults 50–70 yearsa

all men women

conscripts breast-feeding mothers

all with iodine tablets

no yes

Number of participants 2,500b 780b 574 281 293 769 751 598 157
Iodine intake, Ìg/day

MeanBSD 119B47 119B42 118B48 126B54 112B47 137B57 162B83 125B35 320B129
25% 87.8 89.2 88.8 95.6 85.7 99.5 107 102 285
Median 110 110 109 117 105 125 131 121 315
75% 136 134 134 145 127 159 179 144 338

Participants with iodine intake, %
!150 Ìg/dayc 83 84 82 78 86 70 64 80 0.7
!180 Ìg/dayd 92 93 92 89 94 84
!200 Ìg/daye 95 96 95 93 96 90 79 97 8
!260 Ìg/dayf 83 99 19

a 25 regions.
b Weighting sample.
c Recommended dietary allowances [18], population requirement for adults [6].
d Population requirement for adults 651 years [12].
e Population requirement for adults !51 years [12], recommended dietary allowances [18], and population requirement for lactating women [6].
f Population requirement for lactating women [12].

rhythm and using the age- and sex-specific linear regres-
sion coefficients, the mean calculated daily UI excretion
was 134 Ìg/day in 278 men and 117 Ìg/day in 288 women
aged 50–70 years and 125 Ìg/day in 772 conscripts from
26 regions in Germany (table 6). There were significant

(p ! 0.05) regional differences in the mean calculated dai-
ly UI excretion in conscripts, adults aged 50–70 years, and
newborns. The regional rank numbers of the calculated
mean daily UI excretion of the different groups were simi-
lar. The mean differences between the three regions with



Iodine Status in the German Population Ann Nutr Metab 2002;46:128–138 133

Table 4. Urinary iodine concentration (Ìg/dl) in 278 men and 288 women aged 50–70 years, 772 conscripts, and 739 breast-fed newborns in
26 (25) representative regions of Germany

Mena

50–70 years
Womena

50–70 years
Conscripts
17.5–21 years

Newborns

all mothers with iodine tablets

no yes

Total number of urine samples 278 288 772 739 588 151
Urinary iodine concentration, Ìg/dl

MeanBSD 10.7B7.3 10.2B7.3 9.5B6.5 8.1B8.0 7.1B7.0 12.0B10.4
25% 5.9 5.6 9.6 3.5 3.3 5.3
Median 9.9 8.8 8.3 5.6 5.1 8.6
75% 13.5 13.1 11.9 9.7 8.5 14.2

% urine samples with urinary iodine
!5 Ìg/dl 19 21 20 43 49 21
!10 Ìg/dl 51 58 62 75 81 55

a 25 regions.

Table 5. Urinary iodine/creatinine ratio (Ìg/g) in 278 men and 288 women aged 50–70 years, 772 conscripts, and 737 breast-fed newborns in
26 (25) representative regions of Germany

Mena

50–70 years
Womena

50–70 years
Conscripts Newborns

all mothers with iodine tablets

no yes

Total number of urine samples 278 288 772 737 586 171
Urinary iodine/creatinine ratio, Ìg/g

MeanBSD 83.2B44.5 112B68.5 65.4B40.0 267B336 244B305 359B426
25% 51.4 70.5 42.2 93 87.5 124
Median 73.0 95.6 56.7 156 143 179
75% 99.1 13.5 76.7 288 260 418

% urine samples with urinary iodine/creatinine ratiob

!25 Ìg/g 0.7 1 5
!50 Ìg/g 22 11 38
!100 Ìg/g 75 57 88

300–500 Ìg/g 0.4 2 1
12,500 Ìg/g

a 25 regions.
b Iodine deficiency grade I (50–100 Ìg/g), grade II (25 to !50 Ìg/g), grade III (!25 Ìg/g) [7].

the highest and the three regions with the lowest calcu-
lated daily mean UI excretion were 63 Ìg/day in the con-
scripts and 63 Ìg/day in the adults aged 50–70 years.

The mean calculated daily UI excretion in 17 lactating
mothers with I tablets (without, n = 53) was 114 (74) Ìg/
day and in 8 non-lactating mothers with I tablets (without,
n = 57) 188 (105) Ìg/day. For lactating mothers with

(without) I tablets, the median I concentration in 18 (54)
samples of mothers’ milk was 9.1 (6.4) Ìg/dl; in 6% (39%)
of the milk samples it was below 5 Ìg/dl. In the 26 regions
the creatinine concentration in newborns varied (p !

0.01). In a multiple stepwise regression analysis, the UI
concentration in 772 breast-fed newborns was influenced
(p ! 0.001) by the creatinine concentration (explained
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Table 6. Calculated daily urinary iodine
excretion in 278 men and 288 women aged
50–70 years and 772 conscripts in 25 (26)
representative regions of Germany

Men
50–70 years

Women
50–70 years

Conscripts

Total number of urine samples 278 288 772
Urinary iodine excretion, Ìg/day

MeanBSD 134B75.7 117B72.1 125B77.8
25% 83.8 72.5 79.1
Median 117 99.6 108
75% 156 133 147

% urine samples with iodine excretion
!150 Ìg/day 71 79 77
!180 Ìg/day 81 87 85
!200 Ìg/day 86 90 89

variance: R2 = 0.079), by the mother’s intake of I tablets
(R2 = 0.053), and by the day of sampling after birth (R2 =
0.017).

Iodine Excess
From 4,740 diet records, 9 (0.2%) showed an InI

1500 Ìg/day. In three diet records the dosage of InI from I
tablets and in six diet records the amount of consumed
food were implausible. Of 1,483 urine samples from con-
scripts, men and women aged 50–70 years, and mothers
with newborns, 10 (0.7%) showed an I/Cr 1500 Ìg/g. In 1
mother, external contamination of the urine was most
probable, in 2 persons pyelograms had been made during
the last 6 months, 1 subject used a medication containing
I, and in 4 conscripts the urine sample could have been
contaminated with multiparameter urine test strips [19].
Of 877 urine samples from newborns, 7 (0.8%) showed an
I/Cr 12,500 Ìg/g. In 1 newborn, I contamination was
most probable (56,387 Ìg/g). Five mothers of the other 6
newborns with an I/Cr ranging from 2,619 to 4,598 Ìg/g
(UI concentration ranging from 27 to 430 Ìg/dl) had used
I tablets or were being treated for a thyroid disease.

Iodine Status
The I status of our groups of subjects can be assessed in

different ways. Considering the recommended InI values
in Germany of 200 Ìg/day in subjects aged 14–50 years or
180 Ìg/day in adults aged 150 years, 92 or 95% of the
respective age group of the German population had an
inadequate InI [12]. Referring to the recommended InI
value of adults in the USA of 150 Ìg/day, 83% of the cor-
responding German population showed I deficiency [18]
(table 3). The median UI concentration was !10 Ìg/dl in
all our groups (except in mothers with I tablets), and
120% of the subjects of our groups (except in men aged

50–70 years) displayed a UI concentration !5 Ìg/dl [6]
(table 4). The lowest median UI value of 5.1 Ìg/dl was
observed in the newborns whose mothers did not use I
tablets. I/Cr values corresponding to I deficiency grade I
and more (!100 Ìg/g) [7] were found in 88% of the con-
scripts and in 75% of the men and 57% of the women aged
50–70 years (table 5). Calculated UI excretion values
!200 Ìg/day were observed in 89, 86, and 90%, respec-
tively (table 6).

In controls, the mean calculated InI values correspond-
ed fairly well to the mean 24-hour UI excretion: men aged
18–21 years: 128 vs.124 Ìg/day (n = 25); women aged 17–
39 years: 109 vs. 92.9 Ìg/day (n = 24); men aged 50–70
years: 145 vs.141 Ìg/day (n = 21), and women aged 50–70
years: 93.6 vs.107 Ìg/day (n = 21). Corresponding results
were obtained in our three risk groups: men aged 50–70
years: mean InI 126 Ìg/day vs. mean calculated UI excre-
tion 134 Ìg/day; women aged 50–70 years: 112 vs. 117
Ìg/day, and conscripts: 137 vs. 125 Ìg/day (tables 3, 6).
There was a significant positive correlation between daily
calculated InI and UI excretion in 554 adults aged 50–70
years (r = 0.197, p ! 0.001) and in 759 conscripts (r =
0.153, p ! 0.001).

Discussion

Iodine Status of the German Population
In 1996, I deficiency was still present with significant

regional differences and among a few risk groups, al-
though the I supply levels of the German population had
considerably improved in the 80s and early 90s [20–22].
Hence, Germany was probably not able to eliminate I
deficiency by the year 2000, as demanded by the WHO at
the Rome Conference on Nutrition in 1990 [23].
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Fig. 2. Iodine/creatinine ratio in urine sam-
ples of German adults, 1973–1996 [2, 9, 20–
22, 24, 29–36]. ) = Men; P = women; ! =
men and women.

In 1986–1989, the median daily UI excretion in a rep-
resentative group of 1,088 adult men (769 adult women)
of West Germany was 64 (52) Ìg/day [24, 25]. In this first
nationwide representative study performed in 1996, the
median InI in adolescents and adults was 110 Ìg/day, and
the median calculated daily UI excretion was 108 Ìg/day
in conscripts and 107 Ìg/day in adults aged 50–70 years.
The improvement of I supply in Germany has been docu-
mented, e.g., by an increased production of iodized table
salt (1990: 41% of total table salt; 1993: 55%; 1995: 68%;
1998: 68%) [Arbeitskreis Jodmangel, personal commun.],
by an increasing number of households consuming iod-
ized table salt (1989: 48%; 1992: 62%; 1995: 80%) [26–
28], by an increasing production of iodized salt for indus-
trial food production (1990: 3%; 1993: 6%; 1995: 38%;
1998: 33%) [Arbeitskreis Jodmangel, personal commun.],
by increasing values of urinary I/Cr in adults (fig. 2) [2, 9,
20–22, 24, 29–36], by an increasing I concentration in
human milk [16], and by a decrease of mean thyroid vol-
ume in infants and children [31, 37]. During the first 6
months of 1996, the production of salt for human con-
sumption was 210,000 t for Germany; this figure includes
38,000 t of iodized table salt and 41,800 t of iodized salt
for industrial food production. On average, every German
is offered 13.8 g salt/day, including 2.6 g iodized table salt
(intake about 1 g with 20 Ìg I) [38] and 2.8 g iodized salt
in industrial food with 56 Ìg I.

Quantification of Iodine Intake
In order to assess the nutritional I status of a popula-

tion, the WHO recommends the assessment of the thyroid
volume (goitre rate), the measurement of the UI excre-
tion, and/or the determination of blood T4 or thyroid-
stimulating hormone levels, especially in neonates [5].

Our low budget did not allow ultrasound examination of
the thyroid and 24-hour urine collection in a fine-meshed
representative sample of German children or adults. Be-
cause the sources of InI for the German population are
known and usually quantifiable, a roughly focused food
frequency questionnaire was used to estimate InI.

The calculation of InI with measured diet records is
frequently incorrect due to large regional and seasonal
variations of the I content in many foods and non-calcula-
ble losses in food preparation [25]. Nevertheless, the con-
currence of the results of our two methods, the calculated
InI based on focused food frequency questionnaire and
the UI excretion, strengthens the value of the statements
of this study. Despite much more sophisticated methods
(3-day weighed diet records, 72-hour urine collection), the
correlation coefficients of the mean data of InI and daily
UI excretion in 222 men and 222 women from The Neth-
erlands were not much better (0.34 and 0.43, respectively)
[39]. Thus, in epidemiology, the calculated InI based on a
focused food frequency questionnaire may be a useful sec-
ondary tool to characterize the I supply.

Urinary Iodine Concentration versus
Iodine/Creatinine Ratio
Today, the median UI concentration level (Ìg/l) is the

preferred IDD prevalence indicator used by the WHO [6].
It is more simple and less expensive than the I/Cr ratio. In
mixed groups of newborns, young adults and old-age per-
sons [40], men and women [41], malnourished and well-
nourished subjects [42], vegetarians and non-vegetarians
[42], as well as breast-fed infants and formula-fed infants
[43], the creatinine excretion may be different and, there-
fore, the UI concentration the favoured parameter. In our
groups, the median UI concentration ranged from 5.6 Ìg/



136 Ann Nutr Metab 2002;46:128–138 Manz/Böhmer/Gärtner/Grossklaus/Klett/
Schneider

dl in newborns to 9.9 Ìg/dl in men aged 50–70 years, cor-
responding to a factor of 1.8. For I/Cr, the corresponding
factor was much higher (2.8). Differences in urine volume
may, however, result in a significant bias in UI concentra-
tions [44] as in our groups of newborns from different
obstetric clinics.

The most commonly used I deficiency disorder preva-
lence indicator is the I/Cr, at least in the older literature.
Creatinine is used as a reference parameter to compensate
for the effects of diuresis. The analytical error of creati-
nine determination is comparably low. The differences of
the urinary creatinine excretion may, however, represent
an important bias. Therefore, the I/Cr is usually preferred
in groups of subjects with a similar creatinine excretion
[45]. Comparability and continuity in the monitoring of I
supply are further arguments for the measurement and
publication of I/Cr values.

Newborns seem to be the only well-defined group
where I/Cr offers no advantage over UI concentration. In
our group of newborns, for example, the coefficient of
variance of UI concentration was lower than the coeffi-
cient of variance of I/Cr. During the first days of life, the
creatinine metabolism is unique. The serum creatinine
level decreases from the common high serum level of both
mother and fetus to the much lower serum level of the
older newborn. Furthermore, the urinary creatinine ex-
cretion is highly variable, depending on day of urine col-
lection, intake volume, glomerular filtration rate, and cre-
atinine content of human milk or formula [43]. In con-
trast to this, the InI in newborns parallels the volume
intake, and the UI excretion parallels urinary volume,
resulting in a relatively constant UI concentration.

Median or Mean Urinary Iodine Excretion?
The recommended dietary allowances for InI are ex-

pressed as average daily intakes (Ìg/day) over time [18].
In order to characterize the I supply of a population
(WHO: 40 subjects), the WHO relies on the median UI
level [6]. Taking the same total dosage of I, cumulative I
retention is comparable at an I supplementation once a
day or once a week [46], as I retention is a constant per-
centage of InI. Non-stored I is rapidly excreted in urine.
After a single high InI, the UI excretion, therefore, is very
high for 1–2 days and comparably low on the other days
before the next high InI [47]. If the interval between 2
days with a high InI lasts several days, the mean value of
the UI excretion based on randomly collected urine sam-
ples is higher than the median value. As the InI is usually
very irregular, the I supply in large groups is better charac-
terized by mean values than median values, if subjects

with I excess are excluded. In this study, the mean values
were used, therefore, to characterize the I supply.

More Detailed Age- and Sex-Specific
Recommendations of Iodine Intake?
The recommended dietary intake in the USA and the

requirement recommended by the WHO are at identical
150 Ìg/day for adolescents and old-age persons, men and
women [6, 18]. The quantification of differences in I sup-
ply levels for the various sex and age groups of a popula-
tion, which is necessary for group-specific prevention pro-
grammes, is hampered, if the recommendations do not
consider age and sex differences. The I requirement prob-
ably parallels energy metabolism. The German and Aus-
trian I reference intake values for different age groups
were inexplicitly based on a constant I density (Ìg/kcal) of
food [12]. The WHO has recently published reference
data for the thyroid volume in children based on body
surface area, a rough parameter for energy metabolism
[48]. Data of the 24-hour UI excretion for 282 healthy
children aged 2–18 years showed that the individual body
surface area is an appropriate adjustment parameter of
the UI excretion for an age-independent assessment of I
supply in children [49].

In Germany and Austria, the recommended InI values
distinguish between adults aged !50 years (200 Ìg/day)
and those aged 150 years (180 Ìg/day). A difference of InI
of 10% corresponds to a difference of energy intake of
14%. The difference of energy intake of more than 20%
between men and women is, however, not considered.
Thus, in order to assess the I supply of our groups, new
reference levels for InI adapted for age and energy intake
were calculated on the basis of the German and Austrian
recommended InI values (conscripts: 200 Ìg/day, adults
aged 50–70 years: 180 Ìg/day) [12] and sex-specific values
calculated from the product of recommended InI level
and the ratio of one half of the sex difference of recom-
mended energy intake and mean recommended energy
intake of men and women – conscripts: + 20 Ìg/day =
+ 200 Ìg/day ! 300 kcal/3,050 kcal; men (women) aged
50–70 years: + 20 Ìg/day (– 20 Ìg/day) = 180 Ìg/day !
250 kcal/2,250 kcal. Therefore, the age- and sex-adapted
reference levels were assumed to be 220 Ìg/day in con-
scripts and 200 Ìg/day (160 Ìg/day) in men (women) aged
50–70 years. In the breast-feeding mothers, the unaltered
recommended InI value of 260 Ìg/day was used. In order
to take the faecal I excretion rate into consideration,
15 Ìg/day was added to the mean calculated InI or UI ex-
cretion value [16]. Thus, the I supply in conscripts
referred to the adapted reference level (100%) was 69%
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based on data of InI (64% based on data of UI excretion),
in men aged 50–70 years 71% (75%), in women aged 50–
70 years 79% (83%), and in breast-feeding mothers with-
out I tablets 54% (28%). Thus, breast-feeding mothers
without I tablets and their infants and probably pregnant
women have the lowest and women aged 50–70 years the
relatively best I supply. Altogether, the I deficit in Germa-
ny is estimated to be about 30% of the recommended InI
level.

In Germany, the InI has obviously increased over the
last 20 years. However, the I supply is still inadequate
with regional differences and among a few risk groups.
The I deficit is estimated to be about 30% of the recom-
mended German intake value. Breast-feeding women
without I tablets and their infants have the greatest I defi-
cit. A lot of effort is necessary to eliminate I deficiency in
Germany. The easiest and most effective way to achieve
this goal may be the promotion of iodized salt in the
industrial food production.
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