
High serum thyrotropin levels are associated with current
but not with incident hypertension

Till Ittermann, Daniel Tiller, Christa Meisinger, Carsten Agger, Matthias
Nauck, Rainer Rettig, Albert Hofman, Torben Jørgensen, Allan Linneberg,
Jacqueline C. M. Witteman, Oscar H. Franco, Karin H. Greiser, Karl Werdan,
Angela Döring, Alexander Kluttig, Bruno H. C. Stricker, Henry Völzke

Angaben zur Veröffentlichung / Publication details:

Ittermann, Till, Daniel Tiller, Christa Meisinger, Carsten Agger, Matthias Nauck, Rainer
Rettig, Albert Hofman, et al. 2013. “High serum thyrotropin levels are associated with
current but not with incident hypertension.” Thyroid 23 (8): 955–63.
https://doi.org/10.1089/thy.2012.0626.

Nutzungsbedingungen / Terms of use:

Dieses Dokument wird unter folgenden Bedingungen zur Verfügung gestellt: / This document is made available under these conditions:
Deutsches Urheberrecht
Weitere Informationen finden Sie unter: / For more information see:
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/

licgercopyright

https://doi.org/10.1089/thy.2012.0626
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/


High Serum Thyrotropin Levels Are Associated
with Current But Not with Incident Hypertension

Till Ittermann,1,4 Daniel Tiller,2 Christa Meisinger,3 Carsten Agger,5 Matthias Nauck,6 Rainer Rettig,7

Albert Hofman,4 Torben Jørgensen,5,8 Allan Linneberg,5 Jacqueline C.M. Witteman,4

Oscar H. Franco,4 Karin H. Greiser,2,9 Karl Werdan,10 Angela Döring,11 Alexander Kluttig,2

Bruno H.C. Stricker,4 and Henry Völzke1

Background: Recent data from a population-based study in children and adolescents suggest that serum thyro-
tropin (TSH) levels are associated with arterial blood pressure and hypertension. These results are in agreement
with some but not all population-based studies in adults. Discrepancies in results might be explained by drug
intake, different iodine supplies, and sizes of populations investigated. In addition, it is not clear whether an
association between TSH and hypertension exists longitudinally or only cross-sectionally. Thus, our aim was to
investigate cross-sectional and longitudinal associations between thyroid function and arterial blood pressure in
a large consortium of cohort studies in adults.
Methods: Data from five population-based studies were pooled resulting in 17,023 individuals being available
for cross-sectional and 10,048 individuals for longitudinal analyses. Associations of baseline TSH with baseline
blood pressure or hypertension were analyzed by multivariable median or logistic regression models. Multi-
variable median or Poisson regression models were used to investigate associations of baseline TSH with five-
year change in arterial blood pressure or incident hypertension.
Results: There was a cross-sectional positive association of TSH with arterial blood pressure ( p < 0.001) and
hypertension (odds ratio [OR] = 1.76 [confidence interval (CI) 1.24–2.50], p = 0.002). Likewise, hypothyroidism was
associated with systolic (b = 1.1 [CI 0.1–2.1], p = 0.040) and diastolic blood pressure (b = 1.4 [CI 0.7–2.0], p < 0.001).
TSH, however, was not consistently associated with a five-year change in blood pressure or incident hypertension.
Conclusions: High serum TSH levels were associated with current hypertension and blood pressure but not with a
five-year change in blood pressure and incident hypertension. This argues for only a short-term effect of thyroid
hormone levels on arterial blood pressure or a spurious association that needs further evaluation in population-
based studies.

Introduction

We recently demonstrated a positive association be-
tween serum thyrotropin (TSH) levels and arterial

blood pressure in a population-based study comprising
12,353 children and adolescents (1). Particularly high and
high-normal serum TSH levels were associated with arterial

blood pressure and hypertension in that study (1). Several
studies (2–8) have previously investigated this association in
adults. In the largest study population consisting of 30,728
subjects (2), serum TSH levels within the reference range were
significantly associated with arterial blood pressure and hy-
pertension in men and women, while increased serum TSH
levels were associated with arterial blood pressure in women
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only. Furthermore, several smaller studies (3–8) investigated
the association between serum TSH levels and blood pressure.
In these studies, hypothyroidism was significantly associated
with arterial blood pressure in two (5,6) out of six studies (3,5–
8), and serum TSH levels within the reference range were
positively associated with blood pressure in only one (4) out
of three previous studies (4,5,8).

Thus, current evidence for an association between serum
TSH levels and arterial blood pressure is inconsistent, and
previous studies might have been hampered by small sample
sizes (3–8), selection bias (2,8), and misclassification of anti-
hypertensive drug intake (2–8). Associations between serum
TSH levels and arterial blood pressure might also depend on
the iodine supply of the respective study region (9). Therefore
we aimed to analyze the association between serum TSH
levels and arterial blood pressure in a pooled population
taken from five large population-based European studies
conducted in regions with formerly mild to moderate iodine
deficiency (10,11) comprising more than 17,000 individuals in
total (12–16).

While cross-sectional studies may reveal statistical associ-
ations between different parameters, the capacity of these
studies to identify cause-and-effect relationships between
parameters under investigation is limited. Unfortunately,
studies investigating the association between thyroid function
and blood pressure in a longitudinal design are scarce (17). A
recent longitudinal study (17) including approximately 3000
adults failed to show an association between thyroid function
and blood pressure. We opted to reinvestigate the prospective
association between thyroid function and blood pressure in a
larger study population using a longitudinal design with data
from four out of the five studies that were used for our cross-
sectional analyses. For the longitudinal analyses, more than
10,000 adult individuals were available.

Materials and Methods

Study population

Data from four population-based cohort studies and one
population-based cross-sectional study were used for the
present analyses: Study of Health in Pomerania (SHIP) (16),
the Rotterdam Study (13), INTER99 (14), Cardiovascular
disease, Living and Ageing in Halle (CARLA) (12), and
Kooperative Gesundheitsforschung in der Region Augsburg
(KORA) F4 (15).

Study characteristics are summarized in Table 1. In all
studies, the adult participants gave informed written consent.
All studies followed the recommendations of the Declaration of
Helsinki and were approved by the local Ethics Committees.

Exclusion criteria

From each study, we excluded all participants with missing
data on any of the considered outcome, exposure, or con-
founder variables. For the cross-sectional analyses, the num-
ber of excluded subjects were 94 in SHIP, 6181 in the
Rotterdam Study, 490 in INTER99, 66 in CARLA, and 98 in
KORA. For the longitudinal analyses, the number of excluded
subjects were 72 in SHIP, 3549 in the Rotterdam Study, 317 in
INTER99, and 34 in CARLA. The large number of subjects
excluded from the Rotterdam Study was because serum TSH
levels were only measured in a randomly selected subset of

the total population. The total number of subjects included
from each study is given in Tables 1, 2, and 4.

Assessments

Pulse pressure was defined as the difference between sys-
tolic and diastolic blood pressure. Hypertension was defined
as systolic blood pressure ‡ 140 mmHg or diastolic blood
pressure ‡ 90 mmHg or use of antihypertensive medication.
Use of antihypertensive medication was assumed in subjects
answering ‘‘yes’’ to the question, ‘‘Was medication against
high blood pressure prescribed by a physician during the last
year?’’ Smoking status was categorized into the three cate-
gories: current smokers, former smokers, and never smokers.
Former smokers were individuals who had smoked during
their lifetime but not in the 12 months prior to the time of the
baseline examination. Height and weight were measured for
the calculation of the body mass index (BMI): weight (kg)/
height (m2). The TSH reference range was defined as 0.3–
< 3.0 mIU/L (18). Low serum TSH levels were defined as
serum TSH levels < 0.3 mIU/L, and high serum TSH levels as
serum TSH levels ‡ 3.0 mIU/L.

Statistical analyses

Data on quantitative characteristics are expressed as me-
dian and interquartile range; data on qualitative characteris-
tics are expressed as percentages and absolute numbers.
Associations between baseline serum TSH levels and blood
pressure at baseline were assessed using multivariable me-
dian (continuous outcomes) and logistic regression models
(dichotomous outcomes) adjusted for age, sex, smoking sta-
tus, and BMI. Associations between baseline serum TSH
levels and the change in blood pressure between baseline and
follow-up were assessed by multivariable median regression
(continuous outcomes) and multivariable Poisson regression
with robust standard errors (dichotomous outcomes) ad-
justed for baseline values of age, sex, smoking status, BMI,
and time between baseline and follow-up.

To assess the sensitivity of our longitudinal results for loss
to follow-up, we calculated inverse probability weights for
each of the single studies and used those weights in the re-
gression models. The aim of this approach is to give more
weight to subjects whose propensity to drop out of the study
is high (19). The weights accounted for loss to follow-up are
based on sociodemographic and health-related variables. In
the analyses with categorized TSH (hyper- and hypothy-
roidism), serum TSH levels within the reference range are the
reference.

All regression models were calculated separately for each
individual study and again for the pooled population. Pooled
analyses were additionally adjusted for the included studies.
In all analyses with continuous exposure variables, fractional
polynomials were applied to explore and graph nonlinear
associations (20). The dose–response relation was found using
fractional polynomials up to degree 2 with all possible com-
binations of powers selected from the set ( - 2, - 1, - 0.5, 0, 0.5,
1, 2, 3) and by comparing them using the log likelihood to
determine the best-fitting model. If none of the fractional
polynomials models fitted the data significantly better than
the one with the untransformed exposure variable, calcula-
tions were done using the untransformed exposure vari-
able. Interaction terms between serum TSH levels and all
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confounders were tested in the regression models. For all
multivariable analyses, TSH was transformed by a power
transformation to reduce the effects of outliers on the frac-
tional polynomials (20). Statistical significance was set at
p < 0.05. All analyses were performed using Stata 12.0 (Stata
Corporation, College Station, TX).

Results

Cross-sectional analyses

Baseline values of the single populations differed according
to age, blood pressure, and serum TSH levels (Table 2). Par-
ticipants of the Rotterdam Study and CARLA were the oldest,
and those of INTER99 were the youngest. Most measures of
blood pressure, including systolic and diastolic blood pres-
sure, hypertension, and intake of antihypertensive medica-

tion, were higher or more common in CARLA than in the
other studies, whereas hypertension and use of antihyper-
tensive medication were least common in INTER99. Serum
TSH levels were higher in INTER99, KORA, and the Rotter-
dam Study than in SHIP and CARLA.

In the pooled cross-sectional analyses using data from all
five populations, serum TSH levels were positively associated
with systolic blood pressure (Fig. 1), diastolic blood pressure
(Fig. 2), and hypertension (Fig. 3) after adjusting for age, sex,
smoking status, and BMI. There was no association with pulse
pressure (Table 3). Interaction terms of serum TSH levels with
age, sex, BMI, or smoking status were not associated with any
of the outcomes.

We detected a significant association between serum
TSH levels and systolic blood pressure in the INTER99 study
(Fig. 1) but not in any of the other studies. Moreover, serum

Table 2. Baseline Characteristics of the Study Populations

SHIP
(n = 4217)

Rotterdam Study
(n = 1802)

INTER99
(n = 6294)

CARLA
(n = 1731)

KORA F4
(n = 2984)

Age (years) 50 (36; 63) 69 (63; 74) 45 (40; 50) 64 (55; 73) 56 (45; 67)
Males 2073 (49.2%) 686 (38.1%) 3089 (49.1%) 943 (54.5%) 1453 (48.7%)
Systolic blood pressure

(mmHg)
134.5 (121.0; 149.0) 137.0 (123.0; 152.0) 128.0 (120.0; 140.0) 143.0 (128.5; 156.5) 120.5 (109.5; 133.5)

Diastolic blood pressure
(mmHg)

82.5 (75.5; 90.5) 73.0 (66.0; 81.0) 80.0 (75.0; 90.0) 84.0 (77.5; 92.0) 74.5 (68.5; 81.5)

Pulse pressure (mmHg) 50.0 (42.0; 61.0) 63.0 (52.0; 76.0) 46.0 (40.0; 52.0) 57.5 (47.5; 68.5) 45.0 (38.0; 54.0)
Intake of antihyper-

tensive drugs
1065 (25.3%) 540 (30.0%) 430 (6.8%) 801 (46.3%) 919 (30.8%)

Hypertensiona 2201 (52.2%) 1068 (59.3%) 2295 (36.5%) 1276 (73.7%) 1217 (40.8%)
TSH (mIU)/L 0.66 (0.43; 0.98) 1.54 (0.99; 2.39) 1.40 (0.99; 2.02) 0.71 (0.46; 1.06) 1.27 (0.84; 1.87)
High TSH (‡ 3 mIU/L) 60 (1.4%) 298 (16.5%) 551 (8.8%) 30 (1.7%) 174 (5.8%)
Low TSH (< 0.3 mIU/L) 508 (12.1%) 70 (3.9%) 100 (1.6%) 219 (12.7%) 119 (4.0%)
Smoking status
� Former smokers 1430 (33.9%) 778 (43.2%) 1598 (25.4%) 621 (35.9%) 1133 (38.0%)
� Current smokers 1277 (30.3%) 408 (22.6%) 2467 (39.2%) 335 (19.4%) 532 (17.8%)

Body mass index
(kg/m2)

26.8 (23.8; 30.1) 26.0 (24.0; 28.5) 25.6 (23.2; 28.6) 27.9 (25.1; 30.9) 27.0 (24.3; 30.3)

Data are expressed as median and interquartile range (continuous data), or as number and percentage (categorical data).
aDefined as diastolic blood pressure ‡ 90 mmHg, systolic blood pressure ‡ 140 mmHg, or intake of antihypertensive medication.

FIG. 1. Adjusted regression curves for the association be-
tween baseline serum thyrotropin (TSH) levels over the full
range and baseline systolic blood pressure in the single
studies and the pooled population.

FIG. 2. Adjusted regression curves for the association be-
tween baseline serum TSH levels over the full range and
baseline diastolic blood pressure in the single studies and the
pooled population.
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TSH levels were positively associated with diastolic blood
pressure in INTER99, CARLA, KORA, and the Rotterdam
Study (Fig. 2) but not in SHIP. Serum TSH levels were cross-
sectionally associated with an increased risk of hypertension
in INTER99 and KORA (Fig. 3).

High serum TSH levels were cross-sectionally associated
with systolic and diastolic blood pressure in the pooled
population (Table 3). Likewise, serum TSH levels within the
reference range were significantly associated with systolic
and diastolic blood pressure, pulse pressure, and hyperten-
sion. There was no association between low serum TSH levels
and blood pressure.

Excluding all participants with intake of antihypertensive
drugs revealed only one substantial difference compared to
those of the main results listed in Table 3: low serum TSH
levels were not associated with systolic blood pressure in the
pooled population free of antihypertensive drug intake
(b = 0.9 [CI - 0.3, 2.2], p = 0.149).

Longitudinal analyses

Blood-pressure values changed differently between base-
line and follow-up in the different populations (Table 4).

Systolic and diastolic blood pressures decreased in SHIP and
CARLA between baseline and follow-up, whereas there was
an increase in systolic blood pressure and pulse pressure in
the Rotterdam Study, and no change in INTER99. Incidence of
antihypertensive drug intake was highest in CARLA and
lowest in INTER99. Regression of baseline antihypertensive
drug intake was highest in SHIP and lowest in CARLA. In-
cidence of hypertension was highest in the Rotterdam Study
and lowest in INTER99, while regression of baseline hyper-
tension was most common in INTER99 and least common in
the Rotterdam Study.

In the pooled population, we detected only one longitudi-
nal association between serum TSH levels and blood pressure
(Table 5). In the model including the whole range of serum
TSH levels, there was an inverse association of TSH and the
change in diastolic blood pressure. Interaction terms of
baseline serum TSH levels with baseline values of age, sex,
BMI, or smoking status were not associated with any of the
longitudinal outcomes. Among the single populations, there
were significant associations between baseline serum TSH
levels and follow-up blood pressure variables only in the Rot-
terdam Study and CARLA. Serum TSH levels over the full
range were significantly associated with incident hypertension
(relative risk [RR] = 1.98 [CI 1.14, 3.43], p = 0.015), and high
serum TSH levels were associated with the change in pulse
pressure (b = 4.3 [CI 0.9, 7.8], p = 0.015) and with incident hy-
pertension (RR = 1.34 [CI 1.06, 1.69], p = 0.015) in the Rotterdam
Study, while serum TSH levels within the reference range were
significantly associated with a change in diastolic blood pres-
sure in CARLA (b = - 1.9 [CI - 3.7, - 0.1], p = 0.040).

After exclusion of individuals taking antihypertensive
drugs at baseline and follow-up, serum TSH levels over the
full range were no longer associated with diastolic blood
pressure in the pooled population (b = - 1.9 [CI - 4.2, - 0.4],
p = 0.109).

Discussion

We demonstrate a positive association of serum TSH levels
over the full range and within the reference range with arterial
blood pressure in our cross-sectional analyses of pooled data
from five population-based studies in adults. Furthermore,
serum TSH levels were positively related to prevalent

FIG. 3. Association between power-transformed serum
TSH levels and baseline hypertension in the single popula-
tions and in the pooled population.

Table 3. Association Between Baseline Serum TSH and Baseline Blood Pressure in the Pooled Population

Power-transformed
TSH (PTSH) Low TSHa High TSHa

TSH in the
reference range

b
Systolic blood pressure,b mmHg - 1.1** (- 1.5; - 0.7) - 0.0 (- 1.1; 1.1) 1.1* (0.1; 2.1) 1.4** (0.9; 1.9)
Diastolic blood pressure, mmHg 5.2** (3.4; 7.0) - 0.4 (- 1.1; 0.2) 1.4** (0.7; 2.0) 0.6** (0.3; 1.0)
Pulse pressure, mmHg - 0.0 (- 2.3; 2.2) 0.4 (- 0.4; 1.2) - 0.3 (- 1.0; 0.5) 0.6* (0.2; 1.0)

Odds ratio
Hypertensionc 1.76* (1.24; 2.50) 0.91 (0.78; 1.06) 1.12 (0.97; 1.29) 1.16** (1.09; 1.24)

n = 17,023; n = 14,896 for analyses regarding TSH in the reference range. Median regression for continuous outcomes, logistic regression for
dichotomous outcomes; all models adjusted for age, sex, body mass index, and smoking status. Pooled data analysis additionally adjusted for
study. Fractional polynomials were applied to test for a nonlinear relationship between serum TSH levels and the respective outcome.

aCompared to serum TSH levels within the reference range (0.3–3.0).
bPTSH was transformed to PTSH - 1, since otherwise PTSH remained untransformed.
cDefined as diastolic blood pressure ‡ 90 mmHg, systolic blood pressure ‡ 140 mmHg, or intake of antihypertensive medication.
*p < 0.05; **p < 0.001.
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hypertension. In contrast, we did not detect a consistent as-
sociation of serum TSH levels with a five-year change in blood
pressure and incident hypertension.

It has been shown that subclinical hypothyroidism is as-
sociated with increased arterial stiffness (21,22) and a higher
prevalence of endothelial dysfunction (23,24), both of which
might be intermediate pathophysiological stages between
hypothyroidism and hypertension. Indeed, in our cross-
sectional analyses, individuals with high serum TSH levels
had significantly higher blood pressure values than euthyroid
individuals. This finding corresponds well with our previ-
ously reported results in children and adolescents (1), but
partly disagrees with those of the HUNT study from Norway
(2). In that large population-based study (2), high serum TSH
levels were associated with arterial blood pressure only in
women but not in men. The failure to find a significant asso-
ciation between high serum TSH levels and arterial blood
pressure in men may have been due to a selection bias because
serum TSH levels were measured in only 50% of the male
study population but in 100% of the female population. In our
study, no statistically significant interactions between serum
TSH and sex were found, which indicates that there were no
relevant sex-related differences in the association between
thyroid function and blood pressure.

Two smaller studies (5,6) found a cross-sectional associa-
tion between subclinical hypothyroidism and blood pressure.

In contrast, three other studies (3,7,8) failed to demonstrate
such an association. However, in the studies (3,7,8) that did
not show significant associations between subclinical hypo-
thyroidism and blood pressure, the adjusted mean values of
systolic and diastolic blood pressure were also approximately
2 mmHg higher in subclinical hypothyroidism than in eu-
thyroidism (3,7,8), which is comparable to the estimates found
in our study.

Arterial blood pressure hypothetically mediates the asso-
ciation of subclinical hyperthyroidism with atrial fibrillation
(25), left ventricular hypertrophy (26), and carotid athero-
sclerosis (27,28). However, in agreement with our results,
most of the previous studies on this issue (2,3,7,8,17,29) did
not demonstrate an association between low serum TSH
levels and arterial blood pressure (2,3,7,17,29), with the ex-
ception of just one study (8). However, in that study, serum
TSH levels were available in only 50% of the study popula-
tion, which might have introduced selection bias. Thus, as-
sociations of overt hyperthyroidism with increased systemic
vascular resistance and arterial blood pressure (30) should not
be expanded to subclinical hyperthyroidism. Of note, in all
previous studies, the associations of subclinical hyperthy-
roidism with atrial fibrillation (25), left ventricular hypertro-
phy (26), and carotid atherosclerosis (27,28) were independent
of blood pressure-related variables, which indicates either
direct effects of subclinical thyroid overfunction on these

Table 4. Follow-Up Characteristics of the Pooled Population Stratified by Study

SHIP
(n = 3225)

Rotterdam Study
(n = 1242)

INTER99
(n = 4196)

CARLA
(n = 1385)

Change in systolic blood pressure, mmHg - 2.0 (- 11.5; 7.0) 4.7 (- 5.4; 14.8) 0.0 (- 8.8; 7.5) - 6.0 (- 21.9; 7.6)
Change in diastolic blood pressure, mmHg - 1.5 (- 7.5; 4.1) 0.0 (- 5.5; 5.5) 0.0 (- 6.6; 4.8) - 5.9 (- 13.3; 1.2)
Change in pulse pressure, mmHg - 0.5 (- 7.3; 5.7) 4.8 (- 3.2; 12.7) 0.0 (- 5.9; 7.3) - 0.6 (- 10.9; 8.6)
Incidence of antihypertensive drug intake 414 (17.0%) 254 (28.1%) 365 (9.3%) 247 (32.1%)
Regression of baseline antihypertensive

drug intake
131 (16.7%) 27 (7.3%) 20 (7.4%) 34 (5.5%)

Incidence of hypertensiona 321 (20.3%) 286 (49.6%) 404 (15.0%) 123 (32.2%)
Regression of baseline hypertension 294 (17.8%) 59 (8.0%) 417 (27.8%) 94 (9.3%)

Data are expressed as median and interquartile range (continuous data), or as number and percentage (categorical data). Changes are those
between baseline and follow-up, standardized for a five-year follow-up.

aDefined as diastolic blood pressure ‡ 90 mmHg, systolic blood pressure ‡ 140 mmHg, or intake of antihypertensive medication.

Table 5. Association Between Baseline Serum TSH and Five-Year Change in Blood Pressure

in the Pooled Population

Power-transformed
TSH (PTSH) Low TSHa High TSHa

TSH in the
reference range

b
Systolic blood pressure, mmHg - 2.2 (- 6.1; 1.7) 1.0 (- 0.6; 2.5) - 0.2 (- 1.7; 1.3) - 0.6 (- 1.4; 0.1)
Diastolic blood pressure, mmHg - 2.6* (- 4.9; - 0.2) 0.7 (- 0.4; 1.9) - 0.7 (- 1.5; 0.2) - 0.5 (- 0.9; 0.1)
Pulse pressure, mmHg 0.80 (- 2.2; 3.8) - 0.1 (- 1.6; 1.4) 0.7 (- 0.8; 2.3) - 0.2 (- 0.7; 0.2)

Relative risk
Hypertensionb 1.33 (0.87; 2.04) 1.13 (0.92; 1.40) 1.18 (0.99; 1.41) 1.00 (0.89; 1.11)

n = 10,048; n = 8734 for analyses regarding TSH in the reference range. Median regression for continuous outcomes, Poisson regression for
dichotomous outcomes; all models adjusted for baseline values of age, sex, body mass index, smoking status, and study. Fractional
polynomials were applied to test for a nonlinear relationship between serum TSH levels and the respective outcome. Inverse probability
weights were used to account for loss to follow-up.

aCompared to serum TSH levels within the reference range (0.3–3.0).
bDefined as diastolic blood pressure ‡ 90 mmHg, systolic blood pressure ‡ 140 mmHg, or intake of antihypertensive medication.
*p < 0.05.
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outcomes or yet unknown pathophysiological mechanisms
connecting subclinical hyperthyroidism and cardiovascular
disorders.

In agreement with our findings in children and adolescents
(1) and with results from the HUNT study (2), but contrary to
the results of two other studies (5,7), we detected a positive
relation between serum TSH levels within the reference range
and blood pressure. The TSH reference range depends on the
iodine supply in the study region (9). The studies that did not
find an association between serum TSH levels in the reference
range and blood pressure were conducted in Far East Asia
(5,7), a region that is characterized by iodine excess. Conse-
quently, the upper limit of the serum TSH reference range was
higher in that studies (5,7) than in the present one and in the
HUNT study (2). Former iodine supply slightly differed be-
tween the studies included in the present analyses and the
HUNT study (2). While the studies included in the present
analyses are from regions with former mild to moderate io-
dine deficiency (10,11), iodine supply was sufficient in Nor-
way in the past (10). Thus, serum TSH levels within the
reference range might be associated with blood pressure in
regions with mild to moderate iodine deficiency or sufficient
iodine supply, but not in regions with iodine excess. On the
other hand, discrepancies between results from Europe and
Far East Asia might also be explained by a higher prevalence
of hypertension in Far East Asia than in Europe due to sub-
stantial differences in lifestyle factors and in approaches used
for the screening, prevention, and treatment of hypertension
and cardiovascular disease (31).

In our cross-sectional analyses, associations between serum
TSH levels and arterial blood pressure remained statistically
significant after exclusion of all subjects taking antihyper-
tensive medication. Although drug intake was carefully and
thoroughly assessed in our studies, we cannot rule out some
misclassification of drug use. However, such misclassification
is probably negligible and will usually lead to conservative
estimates. Furthermore, our results are similar to those from
our study in children and adolescents (1) in which antihy-
pertensive drug intake was minimal.

Previous research on the association between thyroid
function and incident hypertension or change in arterial blood
pressure is scarce. There is only one population-based cohort
that investigated this topic (17) and it was integrated into our
pooled analysis. Our pooled analyses do not indicate any
consistent association of serum TSH levels with change in
blood pressure or incident hypertension. These results sug-
gest that the association between thyroid function and blood
pressure might be time-dependent and that current thyroid
function does not predict future hypertension. Nevertheless,
further studies with longer periods of follow up and in al-
ternative geographical locations are required.

There are some strengths and limitations of our study. The
large number of individuals included is a major strength.
Furthermore, blood pressure measurements followed the
same protocol in SHIP, CARLA, and KORA. A limitation of
our study is that blood samples were taken from fasting
subjects in INTER99, KORA, and the Rotterdam Study,
whereas in SHIP and CARLA, blood samples were taken in
nonfasting subjects. In consequence, serum TSH levels were
lower in SHIP and CARLA than in the other three studies.
Reasons for the difference in serum TSH levels between the
studies might arise from a real difference of serum TSH levels

between the studies, from an effect of fasting versus nonfasting
sample taking, or from the circadian rhythm of serum TSH
levels (32). A further limitation is that serum TSH levels were
measured only once in our study, so that variations in serum
TSH levels could not be considered. In addition, no data on free
triiodothyronine and free thyroxine levels were available in our
study. Possible effects of free thyroxine on arterial blood pres-
sure have to be investigated in the future, since recent studies
have shown significant associations between free thyroxine
levels and various cardiovascular relevant phenotypes, in-
cluding coronary artery calcification (33), left ventricular mass
(34), and fatty liver (35). Finally, our data are derived solely
from European populations, which challenges the extrapola-
tion of our findings to populations from other geographical
locations and with different ethnicities and iodine levels.

We conclude that high serum TSH levels associated with
current hypertension and blood pressure, but not with five-
year change in blood pressure and incident hypertension. This
argues for only a short-term effect of thyroid hormone levels
on arterial blood pressure, which needs to be further evalu-
ated in additional population-based studies within different
ethnicities, geographical locations, and perhaps with a longer
follow-up period, in which a mid- and long-term effect of
thyroid function could be addressed.
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