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Abstract

Objective: To investigate regional variations in the frequency of undiagnosed thyroid disorders among
25- to 88-year-old men and women in two communities in the northeast and the south of Germany. In
addition, autoantibodies to thyroperoxidase (TPO-Abs) and urinary iodine excretion were determined.
Methods: Two population-based surveys of men and women using a common standardized protocol,
the Study of Health in Pomerania (SHIP) in the northeast of Germany (2505 participants) and the
Kooperative Gesundheitsforschung in der Region Augsburg (KORA) in the south of Germany (2316
participants), were compared with regard to the frequency of undiagnosed thyroid disorders.
Results: Compared with the northeast of Germany, urinary iodine excretion and serum thyroid-
stimulating hormone (TSH) levels were significantly higher in the south. The median urinary iodine
concentration was 110 mg/l (64; 169 mg/l) in SHIP and 151 mg/l (97; 214 mg/l) in KORA, and the
median TSH value was 0.81 mIU/l (0.56; 1.15 mIU/l) in SHIP and 1.22 mIU/l (0.84; 1.80 mIU/l) in
KORA. The frequency of elevated TSH (TSH R2.12 mIU/l) was 4.3% in SHIP and 14.1% in KORA
(P!0.001); the corresponding values for suppressed TSH (!0.25 mIU/l) were 3.5 and 1.7%
(P!0.001). The proportion of ultrasonographic findings was 55.5% in SHIP and 68.0% in KORA.
The frequency of serum TPO-Abs did not differ significantly between northeast and south Germany.
Conclusions: There were considerable regional disparities in the frequency of thyroid disorders within
Germany. These differences can be explained not only by different regional histories of natural iodine
deficiency but also by current differences in the iodine supply under an identical nationwide iodine
fortification program.
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Introduction

Thyroid disorders such as goiter, nodules, auto-
immune thyroid disease, and thyroid dysfunction
affect a considerable portion of the population (1, 2).
The spectrum of thyroid disorders depends on
ethnic and environmental factors, especially on iodine
intake (3, 4, 5). For years, iodine intake of many
European populations was below the level rec-
ommended by international organizations (6). Until
the mid 1990s, Germany was generally considered an
iodine-deficient area (7). Iodine supply varied within
Germany: while the north-eastern part of Germany
was an area with a moderate iodine deficiency, the
iodine deficiency was moderate to severe in south
Germany (8, 9).
ndocrinology
Since the beginning of the 1980s, a voluntary
iodine supply program has been introduced stepwise
to decrease the prevalence of iodine deficiency
disorders (10). The activities differed between the
eastern and western parts of Germany (11). In 1983,
a general iodine fortification program was implemented
in the eastern part, but iodine deficiency could not
be corrected until 1989, and after reunification, this
effect was initially lost. In 1993, by law a regulation
concerning the iodization of table salt became effective,
which led to an increase in the use of iodized salt for
food production. Thus, during the past 15 years, the
iodine supply in Germany remained stable. A nation-
wide iodine survey conducted in children found that
the median urinary iodine concentrations were in the
lower section of the recommended range, suggesting
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that iodine supply has considerably improved. Conse-
quently, clear-cut regional gradients in iodine supply
within Germany have not been present anymore,
but the nationwide survey had limited power to explore
the iodine supply in distinct regions (12).

In the present paper, we analyzed data from two
large population-based surveys in adults, the Study
of Health in Pomerania (SHIP-1) in the northeast and
the Kooperative Gesundheitsforschung in der Region
Augsburg (KORA F4) study in the south of Germany.
Both studies, conducted in two selected regions, were
carried out almost concurrently using standardized
examination methods. The purpose of the present
study was to investigate regional variations in the
iodine supply and the frequency of undiagnosed
thyroid disorders, including thyroid dysfunction,
goiter, nodules, and autoimmune thyroid disease
among 25- to 88-year-old men and women without
thyroid disease within Germany.
Materials and methods

Study population

Kooperative Gesundheitsforschung in der Region
Augsburg F4 Data are based on the KORA F4 study
(2006–2008), a follow-up of the KORA S4 study, a
population-based health survey conducted in the city
of Augsburg and in two surrounding counties between
1999 and 2001. For the S4 study, a total sample of
6640 subjects was drawn by a two-stage cluster
sampling method from the target population consisting
of all German residents of the region aged 25–74 years.
Of all 4261 participants of the S4 baseline study, 3080
also participated in the follow-up F4 study (response
79.6%) (13). After exclusion of 764 participants
(24.8%; 570 women, 194 men) with known thyroid
disease (e.g. hyperthyroidism, hypothyroidism, goiter,
and thyroid cancer) or intake of thyroid medication
(e.g. hormone medication and antithyroid medication),
data of 2316 KORA individuals (1292 men and
1024 women) aged 32–81 years were analyzed in
this study.

The investigations were carried out in accordance
with the Declaration of Helsinki, including written
informed consent of all participants. All study methods
were approved by the Ethics Committee of the
‘Bayerische Landesärztekammer’ Munich.

Study of Health in Pomerania Data are based on the
SHIP-1 (2002–2006), a follow-up of the SHIP baseline
study, a population-based cross-sectional survey carried
out in West Pomerania between 1997 and 2001. In
brief, a sample of adults aged 20–79 years was drawn
from population registries. The net sample (without
migrated or deceased persons) comprised 6265 eligible
subjects. Finally, 4308 subjects participated in the
www.eje-online.org
baseline survey. Of those, 3300 subjects (83.5% of
still living and achievable persons) took part (14).
All participants gave written informed consent. The
study conformed to the principles of the Declaration
of Helsinki as reflected by an a priori approval of the
Ethics Committee of the University of Greifswald.

Of the 3300 participants, all men and women with
known thyroid disease (e.g. hyperthyroidism, hypo-
thyroidism, goiter, and thyroid cancer) or intake of
thyroid medication (e.g. hormone medication and
antithyroid medication) were excluded (nZ795,
24.1%; 557 women and 238 men). Thus, the present
analyses comprised 2505 (1351 men and 1154
women) SHIP participants aged 25–88 years.
Interview and physical examination

In both studies, trained and certified staff did standar-
dized personal interviews. These interviews included
thyroid-related questions. Information concerning
medical drug use was also obtained. All participants
were asked to bring to the interview all medications
taken in the 7 days preceding the examination. In
both KORA and SHIP, medication data were obtained
online using the IDOM program (online drug database
of medication assessment). The medications were
categorized according to the Anatomical Therapeutic
Chemical classification index.
Ultrasonography of the thyroid

Both SHIP and KORA performed a collaborative quality
management for thyroid ultrasound. Ultrasonography
was performed with an ultrasound VST-Gateway with
a 5 MHz linear array transducer (Diasonics, Santa
Clara, CA, USA) in SHIP and with a ACUSON X300
(Siemens Medical Solutions, Mountain View, CA, USA)
or SONOLINE G50 (Siemens Medical Solutions), both
with a 5 MHz linear array transducer, in KORA.
Thyroid volume was calculated as length!width
!depth!0.479 (ml) for each lobe (15). Within and
between both studies, the intra- and inter-observer
reliabilities were assessed before the start of each study
and afterwards annually during the studies; analyses
were performed according to Bland & Altman (16).
All measurements of the thyroid volume for within
and between study comparisons showed Spearman’s
correlation coefficients of O0.85 and mean differences
(G2 S.D.) of the mean bias !5% (!25%). Goiter
was defined as a thyroid volume of O18 ml in women
and of O25 ml in men (17). If the echo pattern was
not homogeneous, showing small lesions or distinct,
diffuse abnormalities in the echotexture of the gland,
it was classified as inhomogeneous. Nodular changes
exceeding 10 mm in diameter were defined as nodules.
A homogeneous echo pattern with reduced echogeni-
city was defined as hypoechogenic (10).
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Clinical chemical measurements

For both studies, laboratory parameters were analyzed
in the same laboratory. Serum thyroid-stimulating
hormone (TSH) levels were analyzed by immuno-
chemiluminescent procedures (Immulite 2000, Third
generation, Diagnostic Products Corporation (DPC), Los
Angeles, CA, USA in SHIP and Vista, Siemens,
Eschborn, Germany in KORA). The functional sensi-
tivity of the TSH assay was 0.005 mIU/l; the TSH
working range was 0.005–100 mIU/l. The (low or high)
inter-assay coefficients of variation (CV) were 2.04 or
2.2% for TSH. Method comparison of the DPC method
against the Vista method yielded a high correlation
coefficient (rZ0.989) and revealed a regression
equation according to Passing–Bablok of yZ0.937xK
0.024 mIU/l. All serum TSH levels from SHIP were
corrected using this formula. The serum TSH reference
range was defined as 0.25–2.12 mIU/l according to
reference limits established in the SHIP region (18).
Serum autoantibodies to thyroperoxidase (TPO-Abs)
were measured by an enzyme immunoassay (VAR-
ELISA; Elias Medizintechnik GmbH, Freiburg,
Germany). The functional sensitivity of this assay was
1 IU/ml. The reference range provided by the manu-
facturer was !60 IU/ml for men and !100 IU/ml for
women. The TPO-Abs status was defined as follows:
normal !60 IU/ml in men and !100 IU/ml in women;
elevated R60 IU/ml in men and R100 IU/ml in
women; positive O200 IU/ml in both sexes (10).

Urinary iodine concentrations were measured in
spot urine samples. Iodine concentrations were
evaluated by photometric procedure (Photometer
ECOM 6122, Eppendorf, Hamburg, Germany) based
on Sandell & Kolthoff reaction (19, 20) in the
modification of Lorenz-Wawschinek et al. (21, 22).
The calibration range of this method has a detection
limit of 1–300 mg/l. Higher concentrated samples were
diluted to this range. During the course of the study,
the inter-assay CV was 5.2% with a mean of 103.0%
at the 20 mg/l level.
Statistical analysis

All calculations were weighted according to the age and
gender distribution of the general German population
(year 2007) and are reported stratified by study.
Continuous variables are described as median and
inter-quartile range for each of the age and gender
strata. For dichotomous variables, prevalences are
reported in percent for each of the age and gender
strata. Differences in prevalence between KORA and
SHIP were tested by median (continuous outcomes) and
logistic regression (dichotomous outcomes) models.
Correlations r were reported as Spearman’s correlation
coefficient (two continuous variables), as Cramer’s F
(two categorical variables), and as rank biserial
correlation coefficient (one continuous and one
categorical variable). To account for a possible con-
founding effect of smoking on the regional differences
of thyroid measurements, we calculated two regression
models for each of the thyroid measurements: the first
model adjusted for study region, age, and sex, and the
second model additionally adjusted for smoking status.
All calculations were performed using STATA 11.1
(Stata Corporation, College Station, TX, USA).
Results

Altogether, 24.8% in KORA and 24.1% in SHIP had a
previously diagnosed thyroid disorder. Among those
without a previously diagnosed thyroid disorder, 75.8%
in KORA and 60.7% in SHIP had an undiagnosed
thyroid disorder. When combining thyroid ultrasound
findings and out-of-range thyroid hormone values, the
overall prevalence of thyroid disorders, diagnosed or
undiagnosed, in the studied cohorts was 70.1% in SHIP
(men, 65.0%; women, 74.9%) and 81.5% (men, 75.7%;
women, 86.8%) in KORA.
Urinary iodine concentrations

The median urinary iodine concentration was 110 mg/l
(64; 169 mg/l) in SHIP and 151 mg/l (97; 214 mg/l) in
KORA (P!0.001). In both sexes and all age-groups,
iodine concentration was higher in KORA than in
SHIP. The median urinary iodine concentration was
124 mg/l (78; 180 mg/l) in male SHIP and 152 mg/l
(106; 214 mg/l) in male KORA participants and 93 mg/l
(53; 154 mg/l) in female SHIP and 150 mg/l (87;
215 mg/l) in female KORA participants (Table 1).
Thyroid volume and goiter

The median thyroid volume was 18.8 ml (14.6;
24.6 ml) in SHIP and 17.7 ml (13.3; 24.1 ml) in
KORA (P!0.001). In almost all age-groups and both
sexes, thyroid volume was larger in SHIP than in KORA.
The median thyroid volume was 22.4 ml (17.8;
27.9 ml) in male SHIP and 20.7 ml (16.2; 27.0 ml) in
male KORA participants; the corresponding values for
female participants were 15.6 ml (12.3; 19.6 ml) and
14.3 ml (11.0; 18.8 ml).

The proportion of goiter was 35.7% in SHIP and 31.0%
in KORA (PZ0.001) and in both populations the
proportions were higher in men (SHIP, 37.5%; KORA,
32.6%) than in women (SHIP, 33.6%; KORA, 29.1%).
In both study regions and sexes, the frequency of goiter
increased with age. In males, in the youngest age-group
the proportion was 15.0% (SHIP) and 19.5% (KORA)
compared with 49.7% (SHIP) and 36.9% (KORA) in the
oldest age-group. In females, the corresponding numbers
were 19.0 and 9.5% in the youngest age-group and 54.1
and 59.3% in the highest age-group (Tables 2 and 3).
www.eje-online.org



Table 1 Median iodine concentrations in microgram per liter stratified by sex and study. Data are expressed as median and inter-quartile
range.

25–34 years 35–44 years 45–54 years 55–64 years 65–74 years 75–88 years

Males
SHIP 121 (70–184) 117 (73–168) 127 (80–173) 122 (79–187) 135 (80–203) 124 (72–181)
KORA 189 (122–238) 148 (100–212) 152 (115–214) 157 (107–213) 152 (102–218) 152 (107–216)

Females
SHIP 89 (48–162) 92 (54–154) 88 (48–147) 100 (55–167) 94 (62–152) 88 (51–154)
KORA 144 (98–234) 146 (78–215) 151 (88–216) 160 (94–221) 142 (94–196) 152 (96–197)
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Thyroid nodules

At least one thyroid nodule was more frequently present
in KORA than in SHIP participants (KORA, 59.3%;
SHIP, 36.3%; P!0.001). This was the case in both men
(KORA, 54.6%; SHIP, 32.1%) and women (KORA, 65.0;
SHIP, 40.9%). In both studies, the frequency of thyroid
nodules increased with age in both men and women
and was, in all age-groups, more frequent in women
than in men. In males, in the age-group 25–34 years,
the proportion was 12.5% (SHIP) and 30.4% (KORA)
compared with 51.7% (SHIP) and 68.9% (KORA) in the
75–88 years age-group. In females, the corresponding
numbers were 17.4 and 42.9% in the youngest age-
group and 72.3 and 86.1% in the highest age-group
(Tables 2 and 3).
Echogenic thyroid pattern

An inhomogeneous echo pattern was present in 24.9%
of the SHIP and 40.5% of the KORA participants
(P!0.001). It was more frequently seen in male and
female KORA participants in all age-groups, except
among females aged 75–88 years. A hypoechogenic
pattern of the thyroid gland was found in 2.7% of the
SHIP and 7.1% of the KORA participants. In both
regions a hypoechogenic pattern was more frequently
seen in women (SHIP, 4.4%; KORA, 9.8%) than in men
(SHIP, 1.2%; KORA, 4.8%). In total, the proportion of
ultrasonographic findings (goiter/nodules, inhomo-
geneous or hypoechogenic pattern of the thyroid
gland) was 55.5% in SHIP and 68.0% in KORA.
Table 2 Ultrasonographic findings in men stratified by study. Data are
and as frequency in percentage (dichotomous variables).

25–34 years 35–44 years 45–54 ye

Thyroid volume (ml)
SHIP 18.9 (15.7–22.4) 20.6 (17.4–26.0) 23.2 (18.5–
KORA 17.5 (15.2–22.1) 18.2 (14.7–23.9) 20.7 (16.5–

Goiter
SHIP 15.0 31.4 40.8
KORA 19.5 21.6 34.2

Thyroid nodules
SHIP 12.5 21.4 29.5
KORA 30.4 40.7 52.0
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Thyroid function

The median TSH value was 0.81 mIU/l (0.56;
1.15 mIU/l) in SHIP and 1.22 mIU/l (0.84;
1.80 mIU/l) in KORA (P!0.001). In both populations,
TSH decreased consistently with age in both men and
women. The median TSH value was 1.0 mIU/l in
men and 0.9 mIU/l in women from the northeast
aged 25–34 years; the respective values for men and
women from the south were 1.5 and 1.6 mIU/l. In
those 75–88 years of age, the median TSH value in SHIP
was 0.7 mIU/l in both sexes, and in KORA 1.1 mIU/l in
men and 1.0 mIU/l in women (Tables 4 and 5).

In both study regions and all age-groups, the
percentage of people with hypothyroidism was higher
in males than in females. The frequency of elevated
TSH (TSH R2.12 mIU/l due to our reference values)
was higher in the KORA population, both for men and
women and in each age-group (Tables 4 and 5). The
overall proportion of elevated TSH for 25- to 88-year-old
men was 4.2% in SHIP and 12.3% in KORA (P!0.001);
the corresponding values for women were 4.5 and
16.1% (P!0.001).

The prevalence of suppressed TSH (!0.25 mIU/l) in
males was 4.2% in SHIP and 1.7% in KORA (P!0.001),
while for females it was 3.5% in SHIP and 1.7% in
KORA (P!0.009). Low TSH was thus more frequently
found in northeast than in south Germany. This was
seen in all age-groups and both sexes (Tables 4 and 5).

After applying an alternative TSH reference range of
0.3–3.0 mIU/l (23) the analyses arrived at similar
regional disparities. While the prevalence of hypo-
thyroidism was 1.5% in SHIP and 4.1% in KORA, the
expressed as median and inter-quartile range (continuous variables)

ars 55–64 years 65–74 years 75–88 years

28.5) 22.4 (18.1–28.2) 26.0 (19.8–33.2) 24.9 (19.3–35.1)
28.0) 22.6 (17.7–29.0) 22.8 (18.1–30.5) 20.6 (17.4–29.3)

37.4 53.7 49.7
37.2 45.1 36.9

37.3 53.3 51.7
65.0 70.4 68.9



Table 3 Ultrasonographic findings in women stratified by study. Data are expressed as median and inter-quartile range (continuous
variables) and as frequency in percentage (dichotomous variables).

25–34 years 35–44 years 45–54 years 55–64 years 65–74 years 75–88 Years

Thyroid volume (ml)
SHIP 13.8 (11.1–16.9) 14.8 (12.1–18.4) 15.7 (12.3–19.9) 16.4 (13.5–20.2) 17.0 (12.5–22.0) 18.7 (14.7–26.2)
KORA 11.3 (8.7–13.4) 13.4 (10.9–16.9) 14.4 (11.0–18.2) 14.5 (11.5–20.2) 15.8 (11.2–22.0) 19.6 (13.9–24.4)

Goiter
SHIP 19.0 25.8 34.4 41.1 45.6 54.1
KORA 9.5 19.7 26.9 34.0 41.7 59.3

Thyroid nodules
SHIP 17.4 29.2 39.8 52.2 64.1 72.3
KORA 42.9 53.7 60.6 81.2 75.8 86.1
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prevalence of low TSH was 5.2% in SHIP and 2.0% in
KORA (P!0.001).
Anti-TPO-Abs

The frequency of positive TPO-Abs (O200 U/ml)
did not differ significantly between KORA and SHIP
in males (KORA, 1.5%; SHIP, 1.9%; PZ0.548)
and females (KORA, 3.9%; SHIP, 5.5%; PZ0.111).
In both regions and all age-groups, the frequency of
positive TPO-Abs was higher in women than in men.
In male SHIP participants the proportion of positive
TPO-Abs varied between 0.6% (age-group, 25–34
years) and 3.3% (age-group, 65–74 years); in female
SHIP participants the proportions varied between
1.9% (age-group, 75–88 years) and 8.2% (age-group,
45–54 years); in KORA the respective percentages
lay between 0% (age-group, 25–34 years) and 2.3%
(age-group, 75–88 years) for men and between 2.2%
(age-group, 65–74 years) and 7.5% (age-group, 55–64
years) for women (Tables 4 and 5).
Correlations

We detected significant correlations between iodine
excretion and serum TSH levels in males and females
of the SHIP population, whereas iodine excretion levels
Table 4 TSH levels and frequencies of high TSH, low TSH, and positiv
as median and inter-quartile range (continuous variables) and as freq

25–34 years 35–44 years 45–54 y

Serum TSH levels (mIU/l)
SHIP 1.02 (0.66–1.36) 0.85 (0.61–1.19) 0.74 (0.55
KORA 1.46 (0.91–1.75) 1.30 (0.92–1.77) 1.14 (0.81

High TSH (TSH R2.12 mIU/l)
SHIP 7.6 3.7 2.2
KORA 8.7 12.1 11.2

Low TSH (TSH !0.25 mIU/l)
SHIP 1.2 2.2 4.8
KORA 2.1 0.7 1.2

Positive anti-TPO-antibodies (O200 U/ml)
SHIP 0.6 1.6 1.6
KORA 0.0 1.9 2.0
were correlated with thyroid volume only in SHIP males
(Table 6). In KORA, anti-TPO-Abs were significantly
correlated with smoking status in males.
Discussion

The prevalence of previously diagnosed thyroid abnorm-
alities (about 25%) was remarkably high and almost
similar in both regions. This may be explained not only
by the increased awareness regarding thyroid disorders
due to information campaigns accompanying the
iodine fortification programs but also by information on
study findings to the participants. The findings on large
thyroid nodules or overt thyroid dysfunction were
disclosed to the participants in both KORA and SHIP,
which may have been led to further diagnostic follow-ups.
The overall prevalence of thyroid abnormalities that were
previously diagnosed and undiagnosed thyroid abnorm-
alities combined was 70.1% in SHIP and 81.5% in KORA.

This collaborative analysis of population-based data
from adults living in northeast and south Germany
discovered considerable regional disparities in the
frequency of thyroid disorders. Compared with the
northeast of Germany, urinary iodine excretion and
serum TSH levels were significantly higher in the south.
While the proportion of goiter was significantly higher
e anti-TPO antibodies in men stratified by study. Data are expressed
uency in percentage (dichotomous variables).

ears 55–64 years 65–74 years 75–88 years

–1.04) 0.78 (0.53–1.16) 0.71 (0.47–1.02) 0.69 (0.46–1.01)
–1.70) 1.12 (0.76–1.54) 1.17 (0.80–1.70) 1.06 (0.71–1.63)

4.8 4.7 2.3
13.1 13.9 11.7

3.4 5.2 7.6
1.8 2.3 2.8

1.8 3.3 2.5
1.0 1.1 2.3

www.eje-online.org



Table 5 TSH levels and frequencies of high TSH, low TSH, and positive anti-TPO-antibodies in women stratified by study. Data are
expressed as median and inter-quartile range (continuous variables) and as frequency in percentage (dichotomous variables).

25–34 years 35–44 years 45–54 years 55–64 years 65–74 years 75–88 years

Serum TSH levels (mIU/l)
SHIP 0.88 (0.59–1.24) 0.85 (0.63–1.21) 0.87 (0.60–1.20) 0.82 (0.54–1.15) 0.70 (0.43–1.08) 0.68 (0.46–1.05)
KORA 1.63 (1.04–2.21) 1.28 (0.91–1.80) 1.26 (0.88–1.80) 1.33 (0.91–1.87) 1.17 (0.75–1.76) 0.96 (0.62–1.55)

High TSH (TSH R2.12 mIU/l)
SHIP 6.5 2.7 5.2 1.7 8.5 2.8
KORA 31.0 16.5 16.7 16.7 13.3 11.2

Low TSH (TSH !0.25 mIU/l)
SHIP 1.7 2.2 1.3 3.4 6.8 11.4
KORA 0.0 0.0 1.7 1.0 3.2 6.2

Positive anti-TPO-antibodies (O200 U/ml)
SHIP 5.0 5.1 8.2 4.2 5.0 1.9
KORA 2.4 3.4 3.8 7.5 2.2 2.7

Table 6 Correlations between thyroid measurement stratified by
sex and study. Correlations r are reported as Spearman’s
correlation coefficient (two continuous variables), as Cramer’s F
(two categorical variables), and as rank biserial correlation
coefficient (one continuous and one categorical variable).

Males Females

Correlation SHIP KORA SHIP KORA

Iodine – TSH K0.13* K0.04 K0.07* K0.03
Iodine – thyroid volume 0.06* 0.03 0.05 0.00
Iodine – positive anti-TPO-
antibodies

K0.05 0.16 K0.06 K0.09

Iodine – smoking status 0.01 0.02 0.03 0.03
Positive anti-TPO-
antibodies – smoking status

0.03 0.09* 0.00 0.03

*P!0.05.
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in northeast Germany, inhomogeneous and hypoecho-
genic echo patterns, as well as nodules, were much
more frequently detected in south Germany. The
frequency of positive TPO-Abs did not differ significantly
between north and south Germany.

The interpretation of these findings has to consider
current and past iodine supply to the population. Before
the German iodine fortification program became
effective, south Germany was more severely affected by
iodine deficiency than north Germany. As early as in the
late 1940s, palpation studies discovered a higher
prevalence of goiter in children living in the mountai-
nous regions of Bavaria compared with children who
originally came from the eastern areas of the former
German Empire (24). In the 1980s, urinary iodine
excretion was shown to be much lower in pregnant
women from Bavaria compared with pregnant women
from Hamburg (25). In contrast to these historical
findings, our study provides evidence for a current
status of higher urinary iodine excretion in south than
in northeast Germany. Against the background of
formerly more severe iodine deficiency status of the
south-German population and the voluntary principle
of the current German iodine fortification program, it
is intriguing to hypothesize that the south-German
population has a higher awareness of the potential
sequelae of iodine deficiency-related disorders and
hence take more care to use iodine-fortificated table
salt than the northeast German population.

In comparison with south Germany, the TSH
distribution in the northeast German population is
shifted towards the left. Thus, TSH reference limits are
lower and, consequently, hyperthyroid conditions are
more commonly found and hypothyroid conditions
are less commonly found in the northeast- than in the
south-German population. The different TSH distri-
butions might best be explained by disparities in the
iodine supply. Furthermore, selenium status is a
relevant factor influencing iodine-related thyroid func-
tion (26), and deiodinase polymorphisms distribution
in the population (27) may also play a role in the TSH
www.eje-online.org
population values. Currently, the better iodine supply
may have induced a shift of the TSH distribution
towards the right in south compared with northeast
Germany. This notion is supported by the higher
prevalence of thyroid hypoechogenicity in south
compared with northeast Germany and is in line with
other studies, which compared the prevalence of thyroid
dysfunction in regions with different iodine supply status
(3, 28). Hypothetically, the sharper increase of iodine
supply over the past 20 years may have contributed to
different TSH distributions in northeast and south
Germany. In Denmark, a higher prevalence of hypothyr-
oid conditions has been described following the introduc-
tion of a mandatory iodine fortification program (29).

In contrast to the parallel prevalence disparities in
serum TSH distribution and thyroid hypoechogenicity,
we found a higher prevalence of positive anti-TPO-Abs
in the northeast- compared with the south-German
population. A higher proportion of occupational
exposure to radiation (30), different patterns of
infectious diseases (31), and higher birth rates in
northeast than south Germany (32) may provide
explanations.

Given the previously more severe iodine deficiency
status, we reasonably could expect higher goiter
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prevalence in south compared with northeast
Germany before the iodine fortification program became
effective (25). In the current analyses, thyroid volumes
and goiter prevalence were similar in both populations
and even slightly higher in northeast than in south
Germany. This finding is in good agreement with the
currently higher iodine supply to the south-German
population and also argues for beneficial effects of
optimized iodine supply, which are not only present in
children and adolescents but also in adults.

In contrast, inhomogeneous thyroid echo pattern and
nodules were much more often found in adults in
south Germany compared with the northeast-German
population. There are two major explanations for this
finding. First, the high prevalence in the south reflects
the history of a more severe iodine deficiency in this
area. In contrast to thyroid volume, which is reduced by
a better iodine supply (33), the restitution of thyroid
nodules might be less likely to occur. Secondly, while all
other measurements between both studies were highly
standardized, the evaluation of thyroid nodules was
not tested for possible inter-study differences. Thus,
different ultrasound devices and examiner skills may
have contributed to the differences described herein.

The proportion of thyroid ultrasound findings in
persons with as yet unknown thyroid disorders was
high in this study and accounts for most of the high
prevalence of unknown thyroid disorders reported.
Previous ultrasound studies from Germany on adults
reported inconsistent results regarding the prevalence
of thyroid ultrasound findings. While, for example,
pathological changes of the thyroid (goiter/nodules and
suspected autoimmune thyroiditis) in untreated persons
were observed in 70% of the study conducted by Guth
et al. (34), the corresponding proportion was 33% in
the Papillon study (35). A Finnish study conducted
on middle-aged women found abnormalities of the
thyroid gland as revealed by ultrasound examination
in 35.6% (36). These differences may be due to selection
bias and the use of different ultrasound technologies
in the studies.

Ultrasound examination is an important method to
assess thyroid morphology and to rule out structural
diseases. However, for the determination of thyroid
function, ultrasound examination is inadequate and
the measurement of laboratory parameters is necessary.
Thus, ultrasonography can be useful as a supple-
mentary tool to biochemistry for early evaluation of
thyroid status.

Age- and sex-related differences found in the present
analyses were expected. We observed an age-related
decrease in serum TSH levels and increase in structural
alterations. This finding is in line with previous studies,
which describe that aging is associated with reduced
TSH secretion in persons without thyroid disease (37).
However, data from the National Health and Nutrition
Examinations Survey III (NHANES III) showed that
in historically better-iodinated countries TSH values
increase with age in persons with no evidence of thyroid
disease (38). Very recently, in a longitudinal study on
a community-based cohort, it could be confirmed that
aging is associated with increased serum TSH concen-
trations (39). It deserves further investigation regarding
the underlying causes for the present finding of a
decrease in TSH levels with increasing age.

A higher median urinary iodine concentration in the
south- than in the northeast-German population was
found in our investigation. While in KORA no
differences between males and females with regard
to urinary iodine concentrations were present, in SHIP
urinary iodine concentrations in all age-groups were
higher in men than in women. In male and female
KORA participants as well as male SHIP participants,
no iodine deficiency was present; however, indepen-
dent from age, women from the northeast had con-
centrations below 100 mg/l, indicating mild iodine
deficiency according to the WHO standard (40). Sex
differences in the consumption of iodine-rich food,
such as fish or dairy products in the northeastern part
of Germany, could explain these findings. In concor-
dance with other studies, women had lower thyroid
volumes (41) but more commonly nodules (41) and
signs of thyroid autoimmunity (5, 41) than men.

Strengths of our study include the population-based
design, the large study populations, and the common
approach to high standardization of measurements,
with the exception of thyroid nodules. The use of data
from the first follow-up examinations of both studies
might have limited the generalizability of our prevalence
findings for each of the investigated populations but
may be less important for the comparison between the
populations. Recruitment procedures as well as
responses to baseline and follow-up examinations
were very similar in both KORA and SHIP, so that we
do not assume that differential selection has severely
biased the comparability of our findings. Further, while
the KORA data were collected during 2006–2008, the
data for SHIP-1 were collected during 2002–2006.
Thus, the data obtained in the study are not exactly
coinciding with time in both regions, and consequently
a fluctuation in urinary iodine concentrations may
occur over time. This fact should be kept in mind
regarding the comparisons made between the two
studies. Finally, in this study ultrasound examinations
were performed using a 5 MHz linear array transducer,
which is not the appropriate frequency for superficial
organs like the thyroid gland (42). Consequently, the
validity of thyroid ultrasound results in particular
regarding thyroid nodule detection is uncertain.
Therefore, the interpretation of the data is difficult
particularly with respect to the association between
thyroid nodules and urinary iodine concentrations.

We conclude that there are considerable differences in
the prevalence of thyroid disorders in adult populations
within one and the same country. The regional
differences regarding iodine urinary concentrations,
www.eje-online.org



370 C Meisinger and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2012) 167
TSH values, the prevalence of thyroid volume, goiter,
thyroid nodules, and positive anti-TPO-Abs were not
confounded by smoking habit. These differences can be
explained not only by different regional histories of
natural iodine deficiency but also by current differences
in the iodine supply under an identical iodine
fortification program. Especially, in large countries
with iodine fortification programs based on a voluntary
principle, the design of monitoring programs should
consider possible differences and provide such data to
local information campaigns.
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Singendonk W, Jäger-Roman E, Litzenbörger H, Ehnert B &
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