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TSH – Individuelle Variation
16 gesunde Männer – monatliche Blutabnahmen
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Andersen et al., JCEM 87:1068, 2002



T4 – Individuelle Variation

Andersen et al., JCEM 87:1068, 2002

16 gesunde Männer – monatliche Blutabnahmen



TSH und Adipositas

TSH ist bei adipösen Patienten leicht erhöht
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Kork et al, JCEM, 2005



Neves et al, Obes Surg, 2017

TSH und morbide Adipositas
bariatrische OP n=949
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TSH – Tageszeit

Ehrenkranz et al., Thyroid 2015
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TSH– über das Jahr

Ehrenkranz et al., Thyroid 2015
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TSH – Tageszeit
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Conte et al., J Endocrinol Invest 2018



TSH
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Was ist „normal“



Was ist normal ?
Statistik



TSH, fT4 – 25h Normalwerte

Ehrenkranz et al., Thyroid 2015
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and TSH and free T4 (r ! "0.142, P # 0.001). Neither the
relationship between age and TSH nor that between age
and free T4 differed significantly between men and
women. Age-related reference ranges for TSH calculated
from the reference group of 1751 participants are shown
in Table 2.

Longitudinal analysis
Of the 1751 participants in the 1981 cross-sectional

sample, 1495 were alive in 1994 and of these 1212
(81.1%) attended the 1994 survey (Table 1). Compared
with those who attended the follow-up survey, partici-
pants who died before 1994 were significantly older, more
likely to be male and more likely to have smoked; in ad-
dition at baseline serum TSH was significantly higher, and

free T4 significantly lower in the deceased group, although
the magnitude of these differences was small. Subjects who
were alive but did not participate in the 1994 survey did
not differ significantly from those who did take part, ex-
cept with regard to baseline BMI, which was higher in
nonparticipants.

After excluding participants with evidence of thyroid
disease or positive thyroid antibodies at follow-up or be-
cause other exclusion criteria were breached, the reference
group for the longitudinal analysis comprised 908 partic-
ipants (Fig. 1). The mean time between study visits was
13.0 yr (range 12.3–14.0 yr). Participant characteristics at
baseline and follow-up are provided in Table 3. There
were significant changes in smoking status between sur-
veys (in particular, a reduction in the number of current
smokers) and a significant increase in mean BMI. The re-
lationships between age and TSH, between age and free
T4, and between TSH and free T4 at baseline in these 908
participants were similar to those observed in the cross-
sectional reference group as a whole.

At 13-yr follow-up, the mean serum TSH concentration
in the cohort had increased from 1.49 to 1.81 mU/liter,
with a mean $TSH of 0.32 mU/liter (95% CI 0.27, 0.38,
P # 0.001), whereas the mean free T4 concentration was
unchanged (16.6 vs. 16.6 pmol/liter, P ! 0.7) (Table 3).
The mean change in TSH did not differ significantly be-
tween genders, being 0.34 mU/liter in men and 0.31 mU/
liter in women (P ! 0.62), and neither smoking status nor
change in BMI between visits was a significant predictor of
$TSH (P ! 0.08 and P ! 0.72, respectively). A probability

TABLE 1. Baseline characteristics of the cross-sectional reference group of 1751 participants in the 1981 survey,
further categorized by their vital status and participation or nonparticipation in the 1994 survey

Cross-sectional reference
group from 1981
survey (n ! 1751)

Attended 1994
survey (n ! 1212)

Alive in 1994
but did not
attend 1994

survey (n ! 283) Pa
Deceased in 1994

(n ! 256) Pb

Age, mean
(SD) (yr)

49.2 (17.2) 45.5 (15.1) 47.6 (18.2) 0.072 68.5 (11.0) #0.001

Female, n (%) 792 (45.2) 564 (46.5) 133 (47.0) 0.888 95 (37.1) 0.006
Smoking status,

n (%)c
0.200 #0.001

Current 363 (20.9) 241 (20.0) 66 (23.6) 56 (22.0) 0.494
Former 553 (31.8) 352 (29.3) 88 (31.4) 113 (44.3) #0.001
Never 822 (47.3) 610 (50.7) 126 (45.0) 86 (33.7) #0.001

BMI, mean (SD)
(kg/m2)

25.5 (3.75) 25.2 (3.68) 26.2 (3.96) 0.001 26.3 (3.80) #0.001

TSH, median (IQR)
(mU/liter)

1.64 (1.13–2.29) 1.36 (0.94–1.86) 1.40 (1.03–1.97) 0.262 1.49 (1.07–2.10) 0.001

Free T4, mean (SD)
(pmol/liter)

16.4 (2.83) 16.6 (2.83) 16.4 (2.72) 0.375 15.8 (2.85) #0.001

a P value from t test or !2 test comparing the 1212 subjects who attended the 1994 survey with the 283 subjects who were alive in 1994 but did
not attend.
b P values for comparisons of the 1212 subjects who attended the 1994 survey with the 256 subjects who were deceased in 1994.
c Excluding 13 participants with unknown smoking status.

TABLE 2. Age-related reference ranges for TSH derived
from the cross-sectional reference group (n ! 1751)

Age
(yr) n

TSH reference range
(mU/liter)

Lower
limit Mean

Upper
limit

#30 304 0.51 1.34 3.54
30–40 299 0.48 1.25 3.21
40–50 269 0.44 1.32 3.92
50–60 321 0.42 1.31 4.09
60–70 334 0.38 1.34 4.70
% 70 224 0.52 1.66 5.28
All 1751 0.44 1.35 4.10

Reference ranges were calculated as mean & 2 SD of log-transformed
serum TSH concentrations for each age stratum.

J Clin Endocrinol Metab, May 2012, 97(5):1554–1562 jcem.endojournals.org 1557

Alter: TSH Normalwerte

Bremner et al., JCEM 97:1554, 2012
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TSH und spätere Hypothyreose

13 Jahre follow up
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Walsch et al., JCEM, 2010



TSH: Progression mPTC
N = 127 mPTCs, active surveilance, TSH cutoff: 2.5 mU/l
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Kim et al., JCEM 2018



TSH - Infertilität
Frauen mit normalem TSH und unerklärter Infertiliät (N=187) und 
Frauen mit An-/Oligospermie des Partners
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Jokar et al., JCEM 2018



Schilddrüse und fetale Entwicklung

Williams, J Neuroendocrinology 2008
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Leitline SD-Schwangerschaft 2017
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Alexander et al., Thyroid 2017
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TSH
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Normalwert als Therapieziel ?

„Normalität“ in Abhängigkeit von 
„nachgewiesener“ 

Begleiterkrankung ?



Was ist Normal in der Schwangerschaft ?
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Bucci et al., Frontiers in Endocrinology 2017



TSH - HCG

Lockwood et al., Thyroid 2009
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GTD: gestational trophobast disease

TSH Suppression (<0.2 mU/l): 67 % bei hCG > 200,000 IU/l und 
100% bei hCG > 400,00 IU/l



Normalwerte in 
der 

Schwangerschaft

Lauerberg et al. JCEM  2016
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6671 schwangere 
Frauen in Dänemark

TSH fT4



Normalwerte in 
der 

Schwangerschaft

Lauerberg et al. JCEM  2016
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6671 schwangere 
Frauen in Dänemark

Bei TSH Grenzwert > 
2.5 mU/l:

10 % der „gesunden“ 
Frauen hypothyroid

2.5

TSH fT4



SD-Antikörper in der Schwangerschaft
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Korevaar et al., JCEM 2016
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SD-Antikörper in der Schwangerschaft
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Korevaar et al., JCEM 2016

TSH



Hashimoto-Thyreoiditis Sonographie
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Nach Spencer C et al. 2004; Vanderpump MP et al. 19952000

Autoimmunthyreoiditis (AIT)
eine dynamische Entwicklung

Jahre

Genetische
Prädisposition

�>�

Aktivierung des
Autoimmunprozesses

Umweltfaktoren
Endogene Faktoren
Schwangerschaft?

TPO Ak

TSH↑
latente

↑ TSH + ↓fT4
manifeste

Hypothyreose

5%/Jahr

echoarmes Muster

Ultraschall Labor Klinik
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Normalwerte : TSH

Erwachsene: 0.44 - 3.77 uU/ml
Graubereich: bis 0.1 bzw. 4.0 uU/ml

1.Trimenon: 0.1 - 2.5 uU/ml
2 Trimenon:  0.2 - 3.0 uU/ml
3 Trimenon: 0.3 – 3.5 uU/ml

Lazarus et al., Europ Thyroid Journal  2014



Normalwerte in der 
Schwangerschaft

4800 schwangere Frauen in China

Lee et al. JCEM  2014



Normalwerte in 
der 

Schwangerschaft

Lauerberg et al. JCEM  2016

Abteilung für Endokrinologie und Stoffwechsel

M Krebs

34

6671 schwangere 
Frauen in Dänemark

Bei TSH Grenzwert > 
2.5 mU/l:

10 % der „gesunden“ 
Frauen hypothyroid

2.5



Leitlinen SD-Schwangerschaft

Reccomendation 1: When possible, population-based trimester-
specific reference ranges for serum TSH should be defined through
assessment of local population data representative of a health care
provider’s practice. Reference range determinations should only
include pregnant women with no known thyroid disease, optimal iodine
intake, and negative TPOAb status.

Falls nicht verfügber:

TSH Normalwert: oberer Normalwert - 0.5 mU/L (4.0 mU/l)
Erstes Trimester unterer Normalwert - 0.4 mU/L

ATA 2017

Alexander et al., Thyroid 2017
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Zu viel ist auch nicht gut 

Korevaar et al., Lancet Diabetes Endocrinol 2015

Generation R Study (Rotterdam)
Blutabnahme in der Schwangerschaft (< 18 SSW)
Nicht verbaler Intelligenztest der Kinder 6 LJ (n = 3839)

Ohne Mütter mit manifester SD 
Funktionsstörung

ftT4 (pmol/L)
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Zu viel ist auch nicht gut ! 

Korevaar et al., Lancet Diabetes Endocrinol 2015

MRI Scan 8 LJ (n=646)
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Normalwerte: fT4

Erwachsene: 0.76 - 1.66 ng/dl

Schwangerschaft:

1. Trimenon: 0,94 - 1,52 ng/dl
2. Trimenon: 0,75 - 1,32 ng/dl
3. Trimenon: 0,65 - 1,21 ng/dl

fT4 Assay Med. Univ. Wien

Änderungen in TBG, Albumin: fT4 Test in der Schwangerschaft verlässlich ? 



Normalwerte: fT4

Erwachsene: 0.76 - 1.66 ng/dl

Schwangerschaft:

1. Trimenon: 0,94 - 1,52 ng/dl
2. Trimenon: 0,75 - 1,32 ng/dl
3. Trimenon: 0,65 - 1,21 ng/dl

fT4 Assay Med. Univ. Wien

?

Lauerberg et al. JCEM  2016



Therapieziel ?

Korevaar et al., Lancet Diabetes Endocrinol 2015

> 19 Jahre 0.76 - 1.66 ng/dl

Schwangerschaft:
1. Trimenon 0,94 - 1,52 ng/dl
2. Trimenon 0,75 - 1,32 ng/dl
3. Trimenon 0,65 - 1,21 ng/dl

Ohne Mütter mit manifester SD 
Funktionsstörung

13 SSW

Nur schwache 
Assoziation TSH mit 
IQ !
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Schilddrüse und Lebenserwartung
N=7785, 65 Jahre, 53 % Frauen, FU: 8 Jahre
Menschen mit niedrig normale Schilddrüsenfunktion (fT4) leben 3.5 
Jahre länger
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Rotterdam Study; Bano et al, JAMA 2017

TSH

fT4



Schilddrüse und Lebenserwartung
N=7785, 65 Jahre, 53 % Frauen, FU: 8 Jahre
Menschen mit niedrig normale Schilddrüsenfunktion (fT4) leben 3.5 
Jahre länger
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Rotterdam Study; Bano et al, JAMA 2017

TSH

fT4



Schilddrüse und Atherosklerose

Rotterdam Study; Bano et al, Circ Res 2017

N=9420, 65 Jahre, 57 % Frauen, FU: 8,8 Jahre
fT4 ist mit einem erhöhten Atherosklerose-Risiko assoziiert.
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Schilddrüse und Vorhofflimmern

Selmer et al, BMJ 2017

Register N=586 460, 65 Jahre, 57 % Frauen
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fT4 und Vorhofflimmern

Baumgartner et al, Circulation 2017

Metaanalyse N=30 085, 65 Jahre, 57 % Frauen
fT4 ist bei euthyreoten (TSH und fT4 im Normalbereich) Personen mit 
einem erhöhten Risiko für FH-Flimmern assoziiert.
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TSH, fT4 und Frailty
N = 9640, 65 Jahre, frailty index basal und nach 10 Jahren
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Bano et al., JCEM 2018, Rotterdam Study

basal

FU

TSH fT4



No association of subclinical hypothyroidism with
incidence of dementia

There were 19 men (0.6%) who were classified as hav-
ing subclinical hyperthyroidism (TSH ! 0.4 mU/liter and
FT4 " 10–23 pmol/liter) and 364 (10.7%) as having sub-
clinical hypothyroidism (TSH # 4 mU/liter and FT4 ! 10
pmol/liter). No men with subclinical hyperthyroidism de-
veloped dementia during follow-up. Of the men with sub-
clinical hypothyroidism, 13 (3.6%) developed dementia-
,compared with 132 of the euthyroid men (4.4%, P "
0.48).

Cumulative hazard of dementia in men according
to FT4 and TSH levels

Cumulative hazard of new-onset dementia according
to quartiles of FT4 and TSH are shown in Fig. 2. Men with
FT4 in the highest three quartiles [quartile 2 (Q2)–Q4] had
increased incidence of dementia during follow-up com-
pared with those in the lowest quartile (Q1) (Fig. 2A). The
trend was less clear for quartiles of TSH, because men in

Q1 and Q3 had increased risk compared with men in Q4,
but men in Q2 had an intermediate risk (Fig. 2B).

Association of FT4 with new-onset dementia in
older men

In unadjusted analyses, men with FT4 in the highest
three quartiles had increased hazard ratio (HR) for new-
onset dementia compared with men in the lowest quartile
(Table 2). After adjusting for age, body mass index, smok-
ing, education, baseline SMMSE, social support, sensorial
impairment, and medical comorbidities, the association of
individual quartiles with incident dementia was attenu-
ated slightly. When analyzed as a continuous variable, a 1
pmol/liter increment in FT4 was associated with an 11%
increased risk of developing dementia in the fully adjusted
model [HR " 1.11, 95% confidence interval (CI) " 1.02–
1.21, P " 0.005] (Table 2). Compared with Q1 as the
reference group, men with FT4 in Q2–4 had an adjusted
HR of 1.76 (95% CI " 1.03–3.00, P " 0.04) for new-
onset dementia. There was no significant trend for quar-

tiles of TSH or for TSH as a continuous
variable against the outcome of new-
onset dementia (Table 2).

Association of FT4 with incident
dementia in euthyroid men

Men with either subclinical hyper-
thyroidism or subclinical hypothyroid-
ism were excluded to allow the associ-
ation of FT4 with dementia to be
reexamined in strictly euthyroid men
with normal TSH levels (0.4–4.0 mU/
liter). There were 3018 euthyroid men,
of whom 132 (4.4%) developed de-
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FIG. 2. Nelson-Aalen plot showing the cumulative hazard of new-onset dementia according
to quartiles of FT4 (A) and TSH (B) in community-dwelling older men.

TABLE 1. Baseline characteristics of the study population

Men who did not develop dementia
(n ! 3256)

Men who developed dementia
(n ! 145) P value

Age (yr), mean (SD) 76.8 (3.5) 79.2 (3.9) !0.001
BMI (kg/m2), mean (SD) 26.6 (3.5) 26.3 (4.1) 0.36
Smoking 0.70

Nonsmokers $n (%)% 1117 (34.3) 46 (31.9)
Past smokers $n (%)% 1975 (60.7) 89 (61.8)
Current smokers $n (%)% 162 (5.0) 9 (6.3)

Secondary education $n (%)% 1645 (50.5) 71 (49.0) 0.77
SMMSE, mean (SD) 27.2 (1.8) 26.4 (1.7) !0.001
Social network: lowest quartile 948 (29.1) 54 (37.5) 0.03
Sensory impairment $n (%)% 1151 (35.4) 65 (44.8) 0.02
Diabetes $n (%)% 488 (15.0) 26 (17.9) 0.31
Hypertension $n (%)% 2516 (77.3) 109 (75.2) 0.99
CVD $n (%)% 982 (30.2) 54 (37.2) 0.06
FT4 (pmol/liter), mean (SD) 15.9 (2.2) 16.5 (2.2) 0.004
TSH (mU/liter), mean (SD) 2.3 (1.6) 2.2 (1.4) 0.23

Characteristics of study participants at baseline were stratified according to whether men were diagnosed for the first time with dementia during
follow-up. Of 3401 men, 145 (4.3%) developed dementia. BMI, Body mass index; CVD, cardiovascular disease.

4 Yeap et al. Free Thyroxine and Dementia J Clin Endocrinol Metab, December 2012, 97(12):0000–0000

Latente Hyperthyreose – Demenz

Yeap et al., JCEM 2012

Freies T4
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T4 Therapie

Wiersinga., Nat Rev Endocrinol 2014
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T4 Therapie

Klinische Abteilung für
Endokrinologie und  Stoffwechsel
Univ.Klinik für Innere Medizin III
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Wiersinga., Nat Rev Endocrinol 2014



Zusammenfassung

Spannende neue Entwicklungen:

• Normalwerte
• Therapieindikationen
• fT4 scheint immer wichtiger zu werden
• Hohe T4 und niedrige T3 Konzentration bei Thyroxintherapie
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