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Abstract

Mild forms of hypothyroidism – subclinical hypothyroidism – have recently been discussed as being a
risk factor for the development of overt thyroid dysfunction and for a number of clinical disorders. The
diagnosis critically depends on the definition of the upper normal limit of serum TSH as, by definition,
free thyroxine serum concentrations are normal. Cut-off levels of 4–5 mU TSH/l have been conven-
tionally used to diagnose an elevated TSH serum concentration. Recent data from large population
studies have suggested a much lower TSH cut-off with an upper limit of 2–2.5 mU/l but application
of strict criteria for inclusion of subjects from the general population studies aiming at assessing TSH
reference intervals (no personal or family history of thyroid disease, no thyroid antibodies and a
normal thyroid on ultrasonography) did not result in an unequivocal upper limit of normal TSH at
2.0 –2.5 mU/l. When summarizing the available evidence for lowered upper TSH cut-off values and
their potential therapeutic implications there is presently insufficient justification to lower the
upper normal limit of TSH and, for practical purposes, it is still recommended to maintain the TSH
reference interval of 0.4–4.0 mU/l. Classifying subjects with a TSH value between 2 and 4 mU/l as
abnormal, as well as intervening with thyroxine treatment in such subjects, is probably doing
more harm than good.
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Introduction

Serum thyrotrophin (TSH) showing a log-linear
relationship to free thyroxine over a wide concentration
range is commonly accepted as the most sensitive test
to detect minor degrees of primary thyroid hormone
deficiency (1). An elevated serum TSH level associated
with normal free thyroxine serum concentrations is
defined as subclinical hypothyroidism and has recently
been discussed as being an important risk factor for the
development of overt thyroid dysfunction and for a
number of clinical, mainly cardiovascular, cognitive
and psychiatric disorders (2). It is evident that the diag-
nosis of subclinical hypothyroidism critically depends
on the definition of the upper normal TSH serum con-
centration. Cut-off levels of 4 –5 mU TSH/l are conven-
tionally used but a much lower upper limit of TSH was
recently suggested. In this paper, we formally discuss
the definition of subclinical hypothyroidism and the
pros and cons of changing current cut-off TSH levels

with respect to evidence-based benefits of a therapeutic
intervention.

Definition of ‘normal’ TSH values

The definition of a ‘normal’ TSH level is not trivial.
‘Normal’, ‘reference’ and/or ‘discrimination’ values
are commonly used to define the interval with which
a measured TSH level is then compared. However,
defining ‘normal’ as absolute health in a population
free of disease has been heavily criticized as being
far too simplistic because it implies that everything
not being normal ought to be corrected (3). These
problems have been circumvented by the definition of
‘reference’ values, implicating that absolute health
does not exist. Following this approach, specifications
are made to define a large population of subjects appar-
ently free of thyroid disorders. These specifications
comprise environmental and physiological conditions
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under which the specimens were obtained, the tech-
niques and timing of specimen collection, their prep-
aration and storage and the analytical and the
statistical methods used for computation of these refer-
ence intervals from the data set (4). Finally, the term
‘discrimination’ values is coined to determine cut-off
values important for medical decisions which require
knowledge of the disease under consideration, its
prevalence, the sensitivity and specificity of diagnostic
tests, and the clinical consequences of a false positive
or negative diagnosis (5).

Methodological considerations

Variations in the results of thyroid function tests in a
healthy population may be due to analytical, intra-indi-
vidual and inter-individual variations. Even though
analytical variations are generally low, it must be con-
sidered that TSH is circulating in various isoforms dif-
fering in their bioactivity predominantly through
changes in the glycosylation pattern (6). Detailed
studies of the dependency of TSH bioactivity on hypo-
thalamic thyrotrophin-releasing hormone clearly
demonstrate the clinical importance of TSH glycosyla-
tion (7) and explain the apparently normal immuno-
reactive TSH levels in some hypothyroid patients with
a hypothalamic defect of the hypothalamo –pituitary –
thyroid axis. Moreover, this heterogeneity may induce
problems in the standardization of TSH measurements,
which may explain differences of around 30–40% in
TSH values due to assay technology (8) and, among
other reasons, led the board of the recently published
laboratory guidelines of the National Academy of Clini-
cal Biochemistry (NACB) to propose laboratory-specific
rigorous internal and external quality control for TSH
measurement (1).

The intra-individual coefficient of variance (CV) for
each thyroid function test exceeds the analytical CV.
Recent data on the individual set-point of TSH in a
group of apparently healthy subjects measured at
monthly intervals indicate that the intra-individual
variation is only half of that of the group. Thus,
whereas analytical factors using modern TSH test
instruments usually contribute less than 10% to the
total variation, within-person variation may add
around 20% and between-person variation up to 70%
(9). Inter-individual variation may be partly genetically
determined (10). The ratio of intra-individual to inter-
individual variation (the individuality index) has been
used to estimate the usefulness of population-based
reference ranges and a ratio of less than 0.6 indicates
that the population-based reference range is not sensi-
tive enough to discriminate between health and disease
on an individual basis, whereas a ratio greater than 1.4
is regarded as discriminatory (11, 12). For TSH, the
index of individuality was below 0.6 in three studies,
varying between 0.36 and 0.5 (9, 11, 12), thus

indicating that TSH values within the reference inter-
val but close to the lower or upper limits of normal
may not necessarily indicate a normal thyroid function.

The influence of physiological,
pathological and pharmacological
factors

A number of physiological and pathophysiological con-
ditions may alter the pattern of TSH secretion. Acute
sleep withdrawal considerably stimulates the nocturnal
(and morning) levels of TSH as does acute stress or high
physical activity, which all induce an acute two- to
fourfold rise in serum TSH levels (13). Genetic influ-
ences play a role in the hypothalamo –pituitary set-
point and these alterations in physiological TSH levels
may translate into subtle changes in energy homeosta-
sis reflected in body mass index (14). Non-thyroidal ill-
ness is associated with suppressed TSH secretion and a
decrease in serum tri-iodothyronine levels, but may
result in an increased serum TSH level above 4 mU/l
during the recovery period (15). Furthermore, a large
number of nutritional factors and drugs may acutely
or chronically affect TSH secretion. Whereas the effects
of iodine supply are regarded to be small, experimental
evidence in healthy subjects clearly demonstrates that
short-time alterations in iodide availability may
change TSH considerably with a doubling of TSH
levels 3 weeks after iodine treatment (16). Finally, a
number of non-thyroidal drugs such as metoclopra-
mide, somatostatin analogues, dopamine, glucocorti-
coids or sulpiride may affect TSH secretion, whereas
the increase in thyroxine-binding globulin by oestro-
gens induces a much slower and smaller rise in TSH
over days to weeks (1). All these factors may contribute
to the high rate of spontaneous normalization of elev-
ated TSH serum levels (.5 mU/l) recently reported in
patients with subclinical hypothyroidism (17).

Reference values from population studies

It has recently been discussed as to whether the higher
TSH reference value should be set around 2.5 mU/l
instead of the customary 4 mU/l. In the National
Health and Nutrition Examination Survey (NHANES
III), representing the geographic and ethnic distri-
bution of the US population, the median and
2.5 –97.5 centiles of serum TSH were 1.39 mU/l
(0.45–4.12) in the reference population of 13 344
people (defined as the population excluding people
who reported thyroid disease, goiter or who were
taking thyroid medication, and also excluding people
because of pregnancy, the use of sex steroids or lithium,
thyroid antibodies and biochemical hypo-or hyperthyr-
oidism (18). TSH serum levels showed a skewed distri-
bution with a relatively long ‘tail’ towards higher
TSH levels. It has been argued that subjects belonging
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to this ‘tail’ (with TSH levels .2.5 mU/l) still have sub-
clinical thyroid disease which might have been detected
by the use of thyroid ultrasound and more sensitive
assays of thyroid antibodies; thus the ‘true’ upper
normal limit of TSH would be 2.5 mU/l (19). Indeed,
the Study of Health in Pomerania (SHIP-1), an area
in Germany with previous iodine deficiency, reported
a TSH reference interval of 0.25–2.12 mU/l in a refer-
ence population of 1488 subjects, applying the same
criteria as the NHANES III survey but also excluding
people with abnormalities on thyroid ultrasound (20).
In contrast, another study from Germany in 453
healthy blood donors with ultrasonographically
assessed normal thyroid glands and selected as rec-
ommended by the NACB, reports a TSH reference inter-
val of 0.40–3.77 mU/l (21). Also in a Danish study a
TSH reference range of 0.40–3.6 mU/l was found in
3174 participants without previous thyroid disease,
without TPO antibodies and with a normal thyroid by
ultrasonography (22), and a recent large Danish
study defined the upper normal limit of TSH as
4.5 mU/l (23).

Thus, the only study so far providing direct data to
support an upper normal TSH limit of 2.0 –2.5 mU/l
is the SHIP-1 study (20). However, despite their
proper exclusion criteria, the SHIP-1 study probably
still included people with autonomous functioning
areas in the thyroid as judged from the fall in median
TSH values with age – probably reflecting the pre-
viously moderately severe iodine deficiency in the
Pomeranian population; for comparison, the TSH
values clearly increased with age in the NHANES III
study. Furthermore, the TSH assay applied in the
SHIP-1 study has a low TSH reference interval of
0.3 –3.0 mU/l as stated by the manufacturer, once
more underlining differences in performance of TSH
assays even if calibrated against the same international
reference preparation (8). Hence the outcome of most
studies is still in accordance with the customary TSH
reference interval of 0.4 –4.0 mU/l.

Clinical aspects and health hazards
of subclinical hypothyroidism

Mild thyroid failure is often asymptomatic but around
30% of patients with this condition may have symp-
toms suggestive of thyroid hormone deficiency.
However, in the Colorado Thyroid Disease Prevalence
Study (24) the difference in the prevalence of symp-
toms between euthyroid controls (12.1%) and sub-
jects with subclinical hypothyroidism (13.7%) was
marginal. From these data (defining subclinical
hypothyroidism as TSH serum levels .5.1 mU/l) it
appears unlikely that differences in the prevalence
of clinical symptoms can be expected when people
with TSH levels between 2.5 and 4.5 mU/l are com-
pared with people with TSH concentrations in the

range 0.4 –2.5 mU/l. There is still dispute about the
benefits of treating subclinical hypothyroidism with
levothyroxine when serum TSH is below 10 mU/l
(24), and good data are lacking on the effect of
levothyroxine when serum TSH levels are in the
range 2.5 –4.0 mU/l.

In the Whickham study, a large 20-year population-
based prospective cohort study from the UK, develop-
ment of overt hypothyroidism was only observed in
subjects with TSH serum levels .2 mU/l at initial
investigation, supporting the importance of a lower
TSH cut-off (25). This is in contrast to a rigorously con-
trolled study from Switzerland over a follow-up period
of 18 years which suggests that only subjects with an
initial TSH serum level above 6 mU/l are at risk of devel-
oping hypothyroidism but not when serum TSH was
below 6 mU/l (26). Furthermore, evaluation of life
hazards from the Whickham study does not provide evi-
dence that treatment of subjects with TSH values
between 2.5 and 4.0 mU/l improves short-term or
long-term outcome. In the 20-year follow-up, no
association between positive thyroid antibodies or
raised serum TSH at first survey and subsequent mor-
tality or development of ischaemic heart disease was
found (25, 27).

However, the well-known association between
cholesterol and TSH levels and vascular risks has
been evaluated in some studies focusing on serum
TSH levels between 2.5 and 4 mU/l. In hypercholester-
olaemic patients with normal TSH values (all between
0.4 and 4.0 mU/l), who were randomized to receive
either 25mg or 50mg thyroxine daily, serum total and
low density lipoprotein cholesterol decreased only in
the group with TSH values between 2.0 and 4.0 ml
(28). Intima media thickness has been used as another
marker to estimate the risk of arteriosclerosis. Michalo-
poulou et al. (29) in a recent survey demonstrated an
increased intima media thickness in subclinical
hypothyroidism when defined as TSH .4.5 mU/l.
This is in contrast to findings from the SHIP-1 data
base indicating a decreased rather than increased
intima media thickness in mild forms of hypothyroidism
(30). Small intervention studies further evaluated a
potential difference when lower TSH cut-off values
are applied. Subjects with a serum TSH between 2.0
and 4.0 mU/l but not those with TSH values between
0.4 and 2.0 mU/l demonstrated impaired vasodilatation
which positively responded to thyroxine treatment
(31, 32). This may provide a pathophysiological expla-
nation for the increased cardiovascular risk in the Rot-
terdam study of ageing females in whom subclinical
hypothyroidism was defined as a cut-off TSH level
.4.5 mU/l and fits with a large body of studies showing
impaired myocardial function in subclinical hypothyr-
oidism (33 –36). All changes may be reversible when
thyroxine replacement is started (35, 36) but no data
have been published on a comparison of a TSH
threshold of 4.5 vs 2.5 mU/l.
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Hazards in supplementing subclinical
hypothroidism

Overzealous treatment with thyroxine may suppress
serum TSH, producing overt or, more usually, subclini-
cal hyperthyroidism. Abnormally low TSH values
(,0.3 mU/l) have been found in 10–33% of individ-
uals on thyroxine therapy and approximately one-
third to one-half of these TSH levels were less than
0.1 mU/l (24, 37, 38). A too high dose of exogenous
thyroxine matches the clinical outcome in endogenous
subclinical hyperthyroidism. In the Colorado Thyroid
Disease Prevalence Study, 92% of subjects had seen a
physician in the preceding year, yet 40% of the patients
on thyroxine therapy had an abnormal TSH level,
including 22% with a low TSH (24, 38). Over-replace-
ment of thyroxine in primary hypothyroidism was the
most common cause of suppressed TSH in some studies
and this was corrected in only 11% of the subjects
under routine clinical conditions (38). Many groups
have provided convincing evidence that ‘subclinical’
hyperthyroidism may induce relevant signs and symp-
toms of excessive thyroid hormone action, including
morphological changes of the heart and a higher risk
of supraventricular arrhythmias (2, 36, 40). These
abnormalities may precede the onset of more severe
cardiovascular disease, thus potentially explaining the
increased cardiovascular morbidity and mortality
observed (36, 37). The potential benefits of correcting
subclinical hypothyroidism should thus be balanced
against the fact that our record in delivering optimal
treatment to those who unequivocally need it is not,
so far, very good (41).

No compelling need to lower the upper
normal limit of TSH

In summary, despite some arguments that the upper
normal limit of TSH might be lowered to 2.5 mU/l
(40, 41), no firm evidence is available that introducing
this limit will provide any short- or long-term benefit
for the patient. Moreover, classifying approximately
5% of the population as possibly abnormal may create
a large burden, financially to the society and emotion-
ally to the subjects involved. Lowering the upper limit of
normal serum TSH levels from 4–5 mU/l to 2.5 mU/l
will also substantially increase the risk of thyroxine
overtreatment, resulting in the well-known and evi-
dence-based risks of subclinical hyperthyroidism (see
also 27). Furthermore, the assumption that TSH truly
reflects thyroid status in every organ system is most
likely erroneous. This implies that titration of thyroxine
dose according to two narrow boundaries of TSH
values may increase the risk of organ-specific overtreat-
ment (38). Thus, despite the fact that individual
patients with subclinical hypothyroidism and a TSH
level between 2.5 and 4 mU/l may theoretically profit

from a limited, well-controlled therapeutic trial with
thyroxine, we do not recommend the lowering of the
upper normal TSH limit on the basis of currently avail-
able data. This may not apply to patients who are
already on thyroxine for hypothyroidism, in whom
the original set-point of TSH can never be known. In
such patients who have symptoms despite a TSH level
within the upper part of the reference range, it may
be worthwhile trying a slightly higher dose of thyroxine
to bring the TSH into the lower half of the
reference range below 2.5 mU/l before concluding
that hypothyroidism is not responsible for the clinical
symptomatology.
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