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Preface
Dear Reader,
As a physician, you are aware of the ongoing need to update your knowledge on the latest
research in the field of medicine that you are practicing. In endocrinology, we may not en‐
counter such a large number of new medicaments as e.g. in cardiology. However, many in‐
teresting and mostly clinically oriented studies are ongoing also in our field. To be
acquainted with them means to improve the care for our patients.
The more we worked on the book you are now reading, the more I got to like the idea of it.
This book gives an opportunity to authors literally from all over the world to present their
medical expertise and express their opinion on selected interesting topics in hypothyroid‐
ism. Individual chapters of this book represent the most up-to-date reviews of literature
combined with the clinical experience of the authors.
Authors were asked to choose their own topic of interest concerning hypothyroidism. Inter‐
estingly, the majority chose to write on a theme connected with development: pregnancy,
growth and hypothyroidism in childhood. Management of thyroid disorders in pregnancy
seems to be a never-ending source of discussions and even disputes. Here we provide two
comprehensive reviews on this controversial topic. Surprisingly for me as a non-paediatri‐
cian, the opinions on treatment of subclinical hypothyroidism in childhood may also differ
quite substantially.
If you want to learn how to differentiate the conditions when watchful waiting is enough
from situations when immediate levothyroxine substitution is crucial, our book might help
you. Moreover, if you are thinking of performing thyroid ultrasound by yourself, or you do
it already and maybe are not so sure about it, our last Chapter might be a practical guide for
you in the visualisation of a hypothyroid gland.
Perhaps you will not agree with everything that is written in this book; and this was not our
goal. Our book will help you form your own opinion. Our most important message is that
whichever country we live in, we want to give the best treatment to our hypothyroid patients.
Eliška Potluková, MD, PhD
Third Department of Medicine, General University Hospital
And the First Faculty of Medicine, Charles University in Prague
Czech Republic

Section 1

Hypothyroidism in Pregnancy

Chapter 1

Hypothyroidism, Fertility and Pregnancy
Piergiorgio Stortoni and Andrea L. Tranquilli
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/54328

1. Introduction
Pregnancy has a profound effect on the thyroid gland and its function. In iodine-replete
countries, the gland size has been found to increase by 10% during pregnancy, and in areas
of iodine deficiency, the gland size increases by 20%–40%. The prevalence of hypothyroid‐
ism during pregnancy is estimated to be 0.3–0.5% for overt hypothyroidism and 2–3% for
subclinical hypothyroidism. Worldwide, iodine deficiency remains one of the leading causes
of both overt and subclinical hypothyroidism. However, there are many other causes of hy‐
pothyroidism during pregnancy, including autoimmune thyroiditis, the most common or‐
ganic pathology [1]. Other causes include the following: thyroid radioiodine ablation (to
treat hyperthyroidism or thyroid cancer), hypoplasia and/or agenesis of the thyroid gland,
surgery (for thyroid tumors and, rarely, central hypothyroidism, including lymphocytic hy‐
pophysitis or ectopic thyroid) and some drugs, such as rifampin and phenytoin, which can
alter thyroid metabolism [2].
It has long been recognized that iodine represents an essential element for fetal growth
and development [3]. In fact, congenital hypothyroidism leads to cretinism, which is
characterized by irreversible growth restriction and mental retardation. In mountain
areas, such as the Himalayas, Alps and Andes, iodine depletion can be caused by gla‐
ciers and erosion [4], leading to the presence of cretinism in small sections of the popu‐
lation. Nonetheless, a significant proportion of the population is exposed to mild iodine
deficiency, which is responsible for the clinical features of defined goiters, impaired cog‐
nition and hypothyroidism [5]. One way to escape the dangerous and hidden deficiency
is to incorporate iodine into the daily diets of people all over the world [6]. Today, as a
result of this strategy, there are no countries with endemic iodine deficiencies, and only
approximately 32 countries in the world with a public problem of mild to moderate io‐
dine deficiency [7]. Some meta-analyses have studied the intelligence quotient (IQ) re‐
duction in children who suffered from iodine deficiency, but, due to confounding
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factors, it has not been well elucidated whether the IQ reduction depends on an “intra-”
or “extra-” uterine iodine deficiency [8]. However, some studies have stressed that cog‐
nitive disorders that are linked to a mild-moderate iodine deficiency are a reversible
clinical phenomenon [9-16]. These considerations are interesting because recent data
have indicated the recurrence of iodine deficiency in developed countries, such as the
United States, Australia, New Zealand, United Kingdom and, especially, in Europe
[17,18].
Given that maternal iodine supplementation has a positive impact on the developmental
quotient of children living in areas of iodine deficiency, the current WHO guidelines
suggest that iodized salt provides sufficient iodine intake for pregnant women [19]. In
particular, iodine supplementation is recommended beginning in early pregnancy to en‐
sure adequate fetal brain development. A useful test to verify sufficient iodine intake is
the assessment of urinary iodine concentration. Thresholds for median urinary iodine
sufficiency have been identified for populations but not for individuals, given the signif‐
icant day-to-day variation of iodine intake [20]. The cut-off for iodine sufficiency is a
median urinary iodine concentration of 100–199 μg/L in adults and of 150–249 μg/L in
pregnant women [21]. However, in some areas, iodine intake is sufficient in schoolchil‐
dren but not in pregnant women. This situation necessitates an additional strategy if io‐
dized salt is already in use [22]. Some studies analyzing mildly iodine-deficient pregnant
European women revealed that iodine supplementation is stopped before or at the mo‐
ment of delivery [23]. In these patients, iodine supplementation was observed to in‐
crease maternal urinary iodine excretion and reduce thyroid volume. Additionally, no
alterations in newborn thyroid volumes and no increased thyroglobulin maternal serum
levels were present. However, these studies only demonstrate that iodine supplementa‐
tion affects infant growth and development. Several studies [24-26] have attempted to
analyze the relationship between iodine supplementation and fetal effects, but no signifi‐
cant effects on mental or motor development in the offspring were observed [8].
It is important to emphasize that following delivery, maternal iodine remains the only io‐
dine source for breastfed infants; a breastfeeding woman excretes approximately 75–200 μg
iodine daily in her breast milk [27,28]. Dietary iodine intake during lactation ranges from
250 to 290 μg/day, higher than the 150 μg/day recommended for non-pregnant women and
adults. Adequate breast milk iodine levels are important for normal neurodevelopment in
infants, and iodine supplements are essential for mothers living in iodine deficient areas,
who are unable to meet the increased demands for iodine intake.
In cases of iodine deficiency, the safe upper limit of iodine intake during pregnancy remains
controversial. If an individual is exposed to high iodine levels, the synthesis of T4 and T3
will be acutely inhibited by a process known as the acute Wolff–Chaikoff effect [29].
In summary, there are contrasting recommendations for the upper limit of iodine intake.
The U.S. Institute of Medicine recommends an upper limit of 1100 μg dietary iodine daily in
pregnancy, while the World Health Organization (WHO) recommends an upper limit of 500
μg per day [21,30].
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2. Hypothyroidism and fertility
Thyroid function may be altered by serum thyroid antibodies, including serum anti-thyro‐
globulin antibodies (TgAb) and anti-thyroid peroxidase antibodies (TPOAb), particularly in
older women [31].
Several studies [32-39] indicate that elevated levels of anti-thyroid antibodies are present in
women three times more often than in men. This discordant predominance in thyroid auto‐
immunity could be associated with the X chromosome, which preserves some sex and im‐
mune-related genes responsible for immune tolerance [40]. Genetic defects of the X
chromosome (monosomy or structural abnormalities) could be responsible for increased and
altered immune-reactivity. In fact, patients with Turner’s syndrome [41] and those with a
higher rate of X chromosome monosomy in peripheral white blood cells [42] exhibit a higher
incidence of thyroid autoimmunity than karyotypically normal individuals. Similarly,
skewed X-chromosome inactivation leads to the escape of X-linked self-antigens from pre‐
sentation in thymus and a subsequent loss of T-cell tolerance. The result is an associated
higher risk of developing autoimmune thyroid diseases.
Self-tolerance is maintained by two mechanisms: central tolerance, which is performed by
thymus deletion of auto-reactive T cells during fetal life, and peripheral tolerance, whereby
those cells that escape central tolerance are inhibited to prevent them from triggering auto‐
immunity. It is well known that hormonal changes and trophoblastic immune-modulatory
molecules enable the tolerance of the fetal semi-allograft during pregnancy. Both cell-medi‐
ated and humoral immune responses are attenuated, shifting the immune response toward
the humoral with subsequent immune tolerance of the fetal tissues. It is for this reason that
during pregnancy, both TPOAb and TgAb concentrations decrease, reaching the lowest val‐
ues in the third trimester [43-48]. In puerperium, the immune response rapidly returns to
the pre-pregnancy state, potentially promoting or aggravating autoimmune thyroid disease
[43]. TPOAb concentrations rapidly increase and reach the maximum level at about 20
weeks after delivery [46-48]. Postpartum thyroiditis is a frequent complication, and 50% of
females with positive TPOAbs (TPOAb+) in early pregnancy develop this condition. The
clinical features of postpartum thyroiditis may arise within the first year after delivery as a
transient thyrotoxicosis and/or a transient hypothyroidism, but permanent hypothyroidism
develops in approximately one third of females [49].
Some analyses demonstrate that weakened immunosuppression in late pregnancy could
contribute to postpartum thyroid dysfunction. In fact, females with postpartum thyroiditis
exhibit increased secretion of IFN and IL-4 but lower median plasma cortisol concentrations
in the 36th week of gestation than do euthyroid females [50].
In nature, there is a particular phenomenon, fetal microchimerism, that is responsible for the
transfer of fetal cells to the maternal circulation during pregnancy. Several years after the
delivery, the chimeric cells can be detected in different maternal districts, including the pe‐
ripheral blood [51,52] and maternal tissues such as the thyroid, lung, skin, or lymph nodes
[53]. In puerperium, immunotolerance decreases, and consequently, the activation of the fe‐
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tal immune cells localized in the maternal thyroid gland can act as a trigger for autoimmune
thyroid disease. In support of this, the presence of fetal microchimeric cells is significantly
higher in autoimmune hypothyroidism than in the absence of autoimmune thyroid disease
[54-57]. However, the data are contradictory. Some studies demonstrate that heterozygotic
twins exhibit a significantly higher prevalence of Thyroid Antibodies (TAbs) compared to
monozygotic twins [58] and that euthyroid females with a previous pregnancy more fre‐
quently exhibit positive TPOAb compared to nulliparous females [59]. However, large pop‐
ulation-based studies have not confirmed the relationship between parity and autoimmune
thyroid disease. Consequently, the contribution of fetal microchimerism to the pathogenesis
of autoimmune thyroid disease remains to be elucidated [60-63].
Spontaneous pregnancy loss is an obstetrical complication occurring at less than 20 weeks of
gestation and has a prevalence ranging between 17% and 31% of all gestations [64,65]. Re‐
current pregnancy loss is defined as either two consecutive losses or three total spontaneous
losses and may occur in up to 1% of all pregnant women [66]. The individual risk depends
on several factors including maternal age, family history, environmental exposures [67], pa‐
rental chromosomal anomalies, immunologic derangements, uterine pathology, endocrine
dysfunction and medical co-morbidities [68]. Pregnancy loss may result in bleeding, infec‐
tions, pain and surgical procedures. Obviously, patients are strongly emotionally involved
in a negative pregnancy outcome. Endocrine disorders are important risk factors for sponta‐
neous pregnancy loss; patients with poorly controlled diabetes mellitus may have up to a
50% risk of loss [69], and thyroid dysfunction has also been associated with elevated rates of
pregnancy loss [70,71]. Stagnaro-Green and colleagues [72] published a prospective observa‐
tional study indicating that patients positive for thyroid antibodies (TPO and Tg) had a twofold increase in the risk of a pregnancy loss. Similarly, Iijima and colleagues [73] also
reported an association between spontaneous pregnancy loss and the presence of anti-mi‐
crosomal antibodies. In support of these studies, a meta-analysis [74] demonstrated a clear
association between thyroid antibodies and spontaneous abortion. The study also reported
that TAb+ women were slightly older and had slightly higher TSH levels than did antibodynegative women. Negro and colleagues [75-76] performed a prospective, randomized inter‐
ventional trial of Levothyroxine (LT4) in euthyroid patients who were TPOAb+. The authors
reported a significantly decreased rate of pregnancy loss in the treated group, but their anal‐
yses were limited because the mean estimated gestational age of the patients commencing
LT4 therapy was 10 weeks, and all but one of the losses occurred at less than 11 weeks. In a
case–control study of Iravani and colleagues [77] and in the study of Kutteh et al. [78], pa‐
tients with primary recurrent pregnancy losses (three or more) had a higher prevalence of
anti-thyroid antibody. In the prospective observational study of Esplin and colleagues [79],
no difference in thyroid antibody positivity between patients with recurrent pregnancy loss
and healthy controls was observed. Other authors reported a higher rate of subsequent
pregnancy loss in patients with recurrent losses and thyroid antibody positivity [80]. In the
clinical trial by Rushworth and colleagues [81], there was no significant difference in live
birth rates between women with recurrent losses who were positive for anti-thyroid anti‐
bodies and those who were not.
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Additionally, the coexistence of more elements may create a synergic effect. The study by De
Carolis et al. demonstrated an apparent interaction between anti-phospholipid antibodies
and thyroid antibodies in the risk of recurrent pregnancy loss [82].
The data for an association between thyroid antibodies and recurrent pregnancy loss are less
robust than for sporadic loss. The results are also somewhat contradictory, and many trials
did not consider other potential causes of recurrent losses.
Recently, Lazzarin et al. [83] performed TRH stimulation (200 μg) to evaluate thyroid
function in patients with recurrent miscarriages and anti-thyroid antibodies. The authors
determined that thyroid autoimmunity could be considered an indirect sign of mild thy‐
roid dysfunction and that TRH stimulation could be a useful tool to detect subtle thy‐
roid dysfunction.
Some authors have also established an 'iTSHa index' (TSH increase after TRH adjusted for
the levels of basal TSH), determining TSH serum levels at time 0 and 20 min after TRH stim‐
ulation in women with two or more miscarriages within the first 10 weeks of pregnancy.
This index is useful to identify women with recurrent miscarriages due to transient thyroid
dysfunction of early pregnancy. If validated, the index could be used for those patients with
no evidence of thyroid dysfunction and TSH levels within the low-normal reference range
who may nonetheless be at risk for recurrent abortions [84].
Some authors tried to analyze the possible use of intravenous immunoglobulin (IVIG) to
prevent recurrent pregnancy loss in women with anti-thyroid antibodies. Three small non‐
randomized case series have been published [85-87], and the live birth rates ranged from
80% to 95%. One study involved a comparison of a group of women who refused IVIG ther‐
apy (control group) with an IVG-treated group. A highly significant improvement in live
births was reported in the IVIG-treated cohort [86]. In one study, a higher rate of term deliv‐
ery was achieved by the LT4-treated group [87] compared to that of the IVIG group. In sum‐
mary, all three studies had serious methodological problems (small sample size,
heterogeneous patient populations, lack of or limited randomization, and differences in the
timing of the treatment). These are the limitations of the intervention trials with IVIG or LT4
in TAb+ women with recurrent abortions.
In consideration of these findings, the Guidelines of the American Thyroid Association for
the Diagnosis and Management of Thyroid Disease During Pregnancy and Postpartum [76]
stress that there is insufficient evidence to recommend for or against screening all women
for anti-thyroid antibodies in the first trimester of pregnancy (Level I). Additionally, it is
stressed that, in euthyroid women with sporadic or recurrent abortions or in women under‐
going in vitro fertilization (IVF), there is insufficient evidence to recommend for or against
screening for anti-thyroid antibodies or treating in the first trimester of pregnancy with LT4
or IVIG (Level I). Similarly, in TAb+ euthyroid women during pregnancy, there is insuffi‐
cient evidence to recommend for or against LT4 therapy (Level I).
Some authors [88] investigated the role of steroid pretreatment on the pregnancy rate
and pregnancy outcomes in patients positive for anti-thyroid antibodies who were un‐
dergoing induction of ovulation and intrauterine insemination (IUI). The patients were
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divided into 3 groups: a control group of infertile women without anti-thyroid autoim‐
munity and two groups of infertile women with anti-thyroid autoimmunity, one treated
with prednisone (administered orally for 4 weeks before IUI) and the other receiving
placebo. Prophylactic therapy with steroids was associated with a significantly increased
rate of pregnancy compared with placebo in infertile women with anti-thyroid antibod‐
ies undergoing induction of ovulation and IUI, although the miscarriage rate did not
significantly differ among the groups.
Several studies reported an increased risk of pregnancy loss after assisted reproductive pro‐
cedures in women who were positive for anti-thyroid antibodies [89-91], whereas other au‐
thors have detected no association [92,93]. Additionally, patients undergoing IVF in the
presence of anti-thyroid antibodies exhibited an increased risk of pregnancy loss (meta-anal‐
ysis of four trials) [94]. Negro et al. [95] performed a prospective placebo–controlled inter‐
vention trial. No difference in pregnancy loss was observed when LT4 was used to treat
TPOAb+ women undergoing assisted reproduction technologies. The variable results high‐
light that there are a number of reasons for infertility or subfertility that may characterize
patients undergoing assisted reproductive procedures for infertility.
The guidelines of the American Thyroid Association for the Diagnosis and Management of
Thyroid Disease During Pregnancy and Postpartum [76] stress that in euthyroid TAb+ wom‐
en undergoing assisted reproductive technologies, there is insufficient evidence to recom‐
mend for or against LT4 therapy (Level I).
Some studies have analyzed the role of selenium in diminishing the TPOAb titers [96-101],
but at present, the risk to benefit comparison does not support routine selenium supplemen‐
tation for TPOAb+ women during pregnancy [76] (Level C).

3. Hypothyroidism and pregnancy
Several physiological changes take place in a pregnant woman that could cause an increased
incidence of hypothyroidism in the later stages of pregnancy in iodine-deficient women who
were euthyroid in the first trimester.
In pregnancy, the production of thyroxin (T4) and triiodothyronin (T3) rapidly increases by
50% together with a subsequent 50% increase in the daily iodine requirement. The fetal thy‐
roid begins to concentrate iodine to create triiodothyronin (T3) and thyroxin (T4) beginning
at 10-12 weeks of gestation, while TSH (fetal pituitary thyroid stimulating hormone) begins
to control thyroid function at approximately 20 weeks of gestation [102].
Maternal thyroxin crosses the placenta and maintains normal fetal thyroid function primari‐
ly in the early stages of gestation [103]. T3 is the active thyroid hormone produced after the
deiodination of T4 in different tissues, and both are largely bound to thyroid hormone bind‐
ing globulin (TBG). Rising maternal estradiol levels in early pregnancy causes increased liv‐
er sialyation and glycosylation of TBG [104,105] with a consequent decrease in the
peripheral metabolism of TBG [106,107]. This change creates an increased need for T3-T4
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production. During pregnancy, T4 and T3 are degraded at an increased rate to inactive iodo‐
thyronin (reverse T3) [108]. In addition, higher placental T4 transfer and hCG act as weak
stimulators of T3-T4 secretion and suppressors of TSH levels [109].
Additionally, the increase in the maternal glomerular filtration rate enhances the iodine re‐
quirements in pregnancy. In fact, iodine is passively excreted by the kidney, and increased
renal glomerular filtration results in increased losses of dietary iodine [110].
Under the influence of placental human chorionic gonadotropin (hCG), which also binds to
and stimulates the thyroidal TSH receptor [111], the levels of thyrotrophin (TSH) are de‐
creased throughout pregnancy, with the lower normal TSH level in the first trimester not
well defined and an upper limit of 2.5 mIU/L.
High estrogen levels in pregnant women are responsible for a 1.5-fold increase in serum thy‐
roxin binding globulin (TBG) concentrations. Therefore, there are higher levels of bound cir‐
culating total triiodothyronin (T3) and thyroxin (T4). In order to maintain free (or unbound)
thyroid hormone levels, thyroid hormone gland production is enhanced [112].
Some studies have demonstrated that total body T4 concentrations must increase 20%–50%
throughout gestation to maintain an euthyroid state [113,114], confirming that the increased
requirement for T4 (or exogenous LT4) occurs as early as 4–6 weeks of pregnancy [114] and
that such requirements gradually increase through 16–20 weeks of pregnancy with a subse‐
quent plateau until the time of delivery.
Primary maternal hypothyroidism is defined as the presence of elevated TSH concentrations
during gestation. There are rare exceptions to this definition, including a TSH-secreting pi‐
tuitary tumor, thyroid hormone resistance, and a few cases of central hypothyroidism with
biologically inactive TSH.
Pregnancy-specific reference ranges are necessary to define elevations in serum TSH during
pregnancy. When maternal TSH is elevated, measurements of serum FT4 concentrations are
necessary. The aim of such measurements is to classify the patient’s diagnosis as either overt
hypothyroidism (OH) or subclinical (SCH) hypothyroidism.
Patients exhibiting elevated TSH levels (>2.5 mIU/L) together with decreased FT4 concentra‐
tions and those with TSH levels of 10.0 mIU/L or above, irrespective of their FT4 levels, are
considered to have overt hypothyroidism.
Patients with a serum TSH value between 2.5 and 10 mIU/L and with a normal FT4 concen‐
tration are affected by subclinical hypothyroidism. The clinical definition is dependent upon
whether FT4 is within or below the trimester-specific FT4 reference range.
Data from a US population of iodine-sufficient women demonstrated that elevated serum
TSH levels are present in at least 2%–3% of apparently healthy, non-pregnant women of
childbearing age [115,116]. When thyroid function tests were performed, 0.3%–0.5% of those
women were diagnosed with OH and 2%–2.5% were diagnosed with SCH.

9

10

Current Topics in Hypothyroidism with Focus on Development

When iodine intake is normal, Hashimoto’s thyroiditis is the most frequent cause of hypo‐
thyroidism; more than 80% of patients with OH and 50% of pregnant women with SCH ex‐
hibit thyroid autoantibodies [116].
Maternal and fetal effects of hypothyroidism have been well studied, and the results allow
for clinical recommendations for OH but not for SCH. There is a strict association between
overt maternal hypothyroidism and adverse pregnancy outcomes, particularly if this condi‐
tion arises early in pregnancy [116]. Some of these complications include preeclampsia,
eclampsia, pregnancy-induced hypertension, low birth weight [117], preterm birth [118,119],
breech delivery [120], placental abruption, infant respiratory distress syndrome, spontane‐
ous abortion [115,121], perinatal death [122] and fetal neurocognitive development [123,124].
In reproductive aged women, the prevalence of subclinical hypothyroidism is about 0.5-5%
[125]. It is well established that thyroid hormone is essential for fetal brain development and
maturation, explaining why the maternal transfer of thyroid hormone is essential, especially
during the first trimester of pregnancy. Children born to women who were inadequately
treated for subclinical hypothyroidism exhibit impaired mental development compared to
those born to women well-treated [123], but it is not well established whether the impaired
mental development is due to the thyroid hormone deficiency itself or to the subsequent ob‐
stetric complications [126].
Although data regarding SCH are less complete than those regarding OH, Negro and collea‐
gues [127] found that SCH increases the risk of pregnancy complications in anti-thyroid per‐
oxidase antibody positive (TPOAb+) pregnant women. Their trial screened a low-risk
pregnant population with SCH for TPOAb+ and TSH >2.5 mIU/ L. Half of the patients with
this combination underwent LT4 treatment to normalize serum TSH, and the other half
served as the control group. The results confirmed a significant reduction in the combined
endpoint of pregnancy complications. Further, Negro et al. [128] noticed that TPOAb- (nega‐
tive) women with TSH levels between 2.5 and 5.0 mIU/L exhibited a higher miscarriage rate
compared with pregnant women with TSH levels below 2.5 mIU/L.
These prospective data are supported by previous retrospective data published by Casey
and colleagues [115], who identified a two- to three-fold increased risk of pregnancy-related
complications in untreated women with SCH. However, some published data reached con‐
flicting conclusions; Cleary-Goldman et al. [129] reported no adverse effects in SCH preg‐
nant women (detected in the first and second trimester). The limitation of this study is that
the analysis was performed with only a selected subgroup of the entire study cohort, with a
mean gestational age of screening between 10.5 and 14 weeks of gestation.
Recently, Ashoor et al. [130] evaluated TSH and FT4 levels in 202 singleton pregnancies at
11–13 weeks that subsequently resulted in miscarriage or fetal death. The results demon‐
strated that these patients had increased TSH levels above the 97.5th percentile and FT4 lev‐
els below the 2.5th percentile compared to the 4318 normal pregnancies of the control group.
This trial suggests that SCH is associated with an increased risk of adverse pregnancy out‐
comes, although the detrimental effect of SCH on fetal neurocognitive development is less
clear. The case-control study by Haddow et al. [123] demonstrated a reduction in the intelli‐
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gence quotient (IQ) among children born to untreated hypothyroid women when compared
to the children of pregnant euthyroid controls. In summary, adverse fetal neurocognitive de‐
velopment is biologically plausible [131], though not clearly demonstrated, in SCH. For this
reason, clinicians should consider these potential increased risks associated with SCH and
could consider LT4 treatment for these patients.
The guidelines of the American Thyroid Association for the Diagnosis and Management of
Thyroid Disease During Pregnancy and Postpartum [76] note that SCH has been associated
with adverse maternal and fetal outcomes. However, due to the lack of randomized control‐
led trials, there is insufficient evidence to recommend for or against universal LT4 treatment
in TAb- pregnant women with SCH (Level I). The aim of LT4 treatment is to normalize ma‐
ternal serum TSH values within a trimester-specific pregnancy reference range (Level A).
Numerous retrospective and case-controlled studies confirm the detrimental effects of
OH on pregnancy and fetal health, and the available data confirm the benefits of treat‐
ing OH during pregnancy. This recommendation is useful for women with TSH concen‐
trations above the trimester-specific reference interval and with decreased FT4 levels as
well as for all women with TSH concentrations above 10.0 mIU/L, irrespective of FT4
levels (Level A). In addition, women positive for TPOAb and affected by SCH should be
treated with LT4 (Level B).
The recommended treatment for maternal hypothyroidism is oral LT4. It is strongly rec‐
ommended that other thyroid preparations, such as T3 or desiccated thyroid, not be
used (Level A).
In the literature, the reference range for TSH is well established to be lower in pregnan‐
cy; both the lower and the upper limit of serum TSH are decreased by approximately
0.1–0.2 mIU/L and 1.0 mIU/L, respectively, compared to the usual TSH reference inter‐
val of 0.4–4.0 mIU/L in non-pregnant women. Serum TSH and its reference range gradu‐
ally rise throughout the pregnancy, but this interval remains lower than in nonpregnant women [122,132]. Several confounding factors (e.g., diet), can influence TSH
values in women with no thyroid pathologies.
In multiple pregnancies, the higher hCG level is responsible for lower TSH serum concentra‐
tions [133]. Therefore, some authors have suggested specific TSH ranges in pregnancy of
0.1-2.5 mUI/L for the first trimester, 0.2-0.3 mUI/L for the second trimester, and 0.3-3.0 for
the third trimester [76,134].
As previously defined, overt hypothyroidism is characterized by elevated serum TSH levels
with low serum FT4 levels, whereas subclinical hypothyroidism is characterized by elevated
serum TSH levels with normal serum FT4 levels.
Isolated hypothyroxinemia is characterized by normal maternal TSH concentrations and
FT4 concentrations in the lower 5th or 10th percentile of the reference range. It is controver‐
sial whether isolated hypothyroxinemia causes any adverse effects on the developing fetus.
In the study of Pop and colleagues [135], psychomotor test scores among offspring born to
women with normal serum TSH values and FT4 indices in the lowest 10th percentile were
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decreased compared to controls. In the analyses of Li et al. [124], mothers who experienced
either hypothyroidism or isolated hypothyroxinemia during the first trimester gave birth to
children with lower IQ scores. However, these studies have methodological limits.
In their prospective, Henrichs and colleagues conducted a prospective nonrandomized in‐
vestigation on isolated maternal hypothyroxinemia [136] and reported that a 1.5- to 2-fold
increased risk for adverse events (children at 3 years of age) in communication development
was associated with maternal FT4 levels in the lower 5th and 10th percentiles. To date, there
are no recommendations for isolated hypothyroxinemia, and consequently, isolated hypo‐
thyroxinemia should not be treated during pregnancy (Level C).
In the first trimester of pregnancy, approximately 10% to 20% of all pregnant women are
TPO- or Tg-antibody positive and euthyroid. In addition, approximately 16% of the women
who are euthyroid and positive for TPO or Tg antibodies in the first trimester will develop a
TSH that exceeds 4.0 mIU/L by the third trimester, and approximately 33%–50% of women
positive for TPO or Tg antibodies in the first trimester will develop postpartum thyroiditis.
These data could be the result of a direct effect of the antibodies or an indirect marker of an
autoimmune syndrome or the thyroid functional reserve [106].
Another important aspect to consider is the significant ethnic difference in serum TSH con‐
centrations. In fact, pregnant women of Moroccan, Turkish, or Surinamese descent residing
in The Netherlands exhibit TSH values 0.2–0.3 mIU/L lower than Dutch women throughout
pregnancy [137]. Black and Asian women exhibit TSH values that are on average 0.4 mIU/L
lower than those in white women; these differences persist during pregnancy [138,139].
There are different methods for the analysis of TSH levels, and TSH ranges vary slightly de‐
pending on the method used [140]. However, trimester-specific reference ranges for TSH
should be applied (Level B). If they are not available in the laboratory, the following refer‐
ence ranges are recommended: first trimester, 0.1–2.5 mIU/L; second trimester, 0.2–3.0
mIU/L; third trimester, 0.3–3.0 mIU/L (Level I).
Total T4-T3 values or the ratio of Total T4 to TBG are useful to calculate the normal ranges
for the FT4 index, but there are not trimester-specific reference intervals for the FT4 index of
a reference population. To assess serum FT4 during pregnancy, the optimal method is meas‐
urement of T4 in the dialysate or ultrafiltrate of serum samples employing on-line extrac‐
tion/liquid chromatography/tandem mass spectrometry (LC/MS/ MS) (Level A). If not
available, clinicians should use whichever measure or estimate of FT4 is available in their
laboratory and should be aware of the limitations of each method. However, serum TSH re‐
mains the most accurate method to study thyroid status during pregnancy (Level A).
In the presence of high concentrations of bound T4, it is difficult to measure the levels of FT4
due to the abnormal binding-protein states such as pregnancy. Therefore, method-specific
and trimester-specific reference ranges of serum FT4 are required (Level B).
The guidelines of the American Thyroid Association for the Diagnosis and Management of
Thyroid Disease During Pregnancy and Postpartum [76] stress that, although not prospec‐
tively studied, the approach of not initially treating women with SCH in pregnancy should
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involve monitoring the women for possible progression to OH by measuring serum TSH
and FT4 levels approximately every four weeks until 16– 20 weeks gestation and at least
once between 26 and 32 weeks gestation (Level I).
These considerations are important to make the therapy adjustments in affected women
once pregnant and to plan the follow-up intervals for TSH in treated patients. If necessary,
LT4 adjustments should be made as soon as possible after pregnancy is confirmed; it is im‐
portant to stress that between 50% and 85% [113,114,141] of hypothyroid women treated
with exogenous LT4 require increased doses during pregnancy. This need for adjustment is
related to the etiology of hypothyroidism itself.
The clinical recommendation is that treated hypothyroid patients (receiving LT4) and newly
pregnant women should independently increase their dose of LT4 by 25%–30% upon a
missed menstrual cycle or positive home pregnancy test. Pregnant women could accomplish
this adjustment by increasing LT4 from once daily dosing to a total of nine doses per week
(29% increase). (Level B)
Obviously, the aim of treatment is to optimize a woman’s preconception thyroid status. Dif‐
ferent studies have analyzed the possible TSH cutoff values for women planning a pregnan‐
cy, but other factors, like maternal estrogen levels, can influence the LT4 augmentation
necessary to maintain a euthyroid state during pregnancy.
The guidelines of the American Thyroid Association for the Diagnosis and Management of
Thyroid Disease During Pregnancy and Postpartum [76] indicate that preconception serum
TSH values <2.5 mIU/L are an indirect marker of a good thyroid state in treated hypothyroid
patients (receiving LT4) who are planning a pregnancy. Similarly, TSH values <1.5 mIU/L
will likely further reduce the risk of mild hypothyroidism in early pregnancy by reducing
the risk of TSH elevation during the first trimester. However, no differences in pregnancy
outcomes have been demonstrated by this approach (Level B).
In these patients, maternal serum TSH levels should be monitored approximately every 4
weeks during the first half of pregnancy. Indeed, further LT4 dose adjustments are often re‐
quired (Level B), and maternal TSH should be checked at least once between 26 and 32
weeks gestation (Level I).
Following delivery, LT4 should be reduced to the patient’s preconception dose. Additional
TSH testing should be performed at approximately 6 weeks postpartum (Level B).
However, women with Hashimoto’s thyroiditis could need an increased LT4 dose in the
postpartum period [142] compared to their prepartum dose.
Pregnant women treated and monitored appropriately should not require any additional
tests; there are no other maternal and fetal recommended tests in the absence of other preg‐
nancy complications (Level A).
Some studies [75,119] confirmed an increased requirement for thyroid hormone during ges‐
tation in women who are TAb+. Both OH and SCH may occur during the stress of pregnan‐
cy as a result of compromised thyroid function. This situation usually occurs later in
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gestation because in the first part of pregnancy, the residual thyroid function can act as a
buffer.
Because the risk of hypothyroidism in women who are TAb+ is increased, a higher level of
surveillance, by evaluating TSH levels approximately every 4–6 weeks during pregnancy, is
required [114].
Fetal status in pregnant women under chronic therapy with levothyroxine has been studied
by performing computerized FHR (fetal heart rate) analyses (cCTG). This is a sensible and
reproducible method to identify pregnancies with a pathological neonatal outcome. Publish‐
ed data [143] suggest that maternal hypothyroidism and levothyroxine treatment have an
important influence on FHR, and cCTG analyses are a sensible means of revealing and
studying these conditions. In their analyses, the authors stressed that fetal reactivity, ex‐
pressed by reduced baseline FHR and reduced fetal movements, remained suppressed in
well-treated hypothyroid pregnant women who became euthyroid, suggesting that this sup‐
pression could be due to the influence of a chronic hypothyroid state.

4. Hypothyroidism and contraception
In the literature, there is little evidence about the influence of contraceptives on thyroid
function. The study of Ågren et al. [144] analyzes the effects of two monophasic combined
oral contraceptives (nomegestrol acetate/17 beta estradiol or levonorgestrel/ethinylestradiol)
on androgen levels, endocrine function and sex hormone-binding globulin (SHBG) levels in
121 healthy women. The authors found that the levels of thyroxin-binding globulin (TBG),
together with total cortisol and corticosteroid-binding globulin (CBG) levels, increased in
both groups, with a significantly greater increase observed in the group with levonorgestrel/
ethinylestradiol. Thyroid-stimulating hormone (TSH) and free thyroxin (T4) remained unal‐
tered from their baseline values, and no difference was observed between the groups. If TBG
rises, clearance of tri-iodothyronin (T3) and T4 is reduced, thereby increasing total T3 and
T4 levels. However, as described, estroprogestin oral contraceptives have little or no effect
on physiologically active free fractions of thyroid hormones. In fact, in the same study, no
significant changes in free T4 or in TSH levels were observed in either group after six
months of treatment, in agreement with other studies [145-147].
In summary, oral contraceptives can be responsible for increasing TBG without a significant
influence on thyroid-stimulating hormone (TSH) and free thyroxin (T4) levels.

5. Conclusions
A euthyroid state is the goal for women affected by hypothyroidism; the normalization of
thyroid markers is necessary for metabolic, endocrine and sexual improvement. Obviously,
the presence of anti-thyroid antibodies signifies an underlying state of imbalanced patientspecific autoimmunity that can be addressed with effective treatments.
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In pregnant women, treatment of hypothyroidism is not associated with adverse perinatal
outcomes [148], and although it is not well known how levothyroxine treatment during
pregnancy improves the neurological development of the offspring, clinical practice guide‐
lines recommend this therapy [148, 149].
The choice of cut-off values for TSH in the three trimesters of pregnancy has important im‐
plications both for the interpretation of the literature and for the critical impact of the clini‐
cal diagnosis of hypothyroidism.
Overt hypothyroidism and overt hyperthyroidism have a deleterious impact on pregnancy.
However, questions about hypothyroidism and pregnancy remain, including those regard‐
ing the impact of subclinical hypothyroidism on pregnancy; the impact of TAbs on miscar‐
riage, preterm delivery and puerperal thyroiditis in euthyroid women; and if, when and
who should be screened for anti-thyroid hormones during pregnancy. For this latter ques‐
tion, very recent papers addressed the problem with conflicting results: Lazarus et al. [150]
conducted a randomized trial in which antenatal screening and maternal treatment for hy‐
pothyroidism did not result in improved cognitive function in three-year-old children (pos‐
sible limitations of this study are that levothyroxine therapy was performed too late in
gestation and that about 24% of the women were lost to follow-up) while Dosiou et al. [151]
stressed that universal screening of pregnant women in the first trimester for autoimmune
thyroid disease is cost-effective without the calculation of a possible decrease of the off‐
spring cognitive function. The question remains open.
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1. Introduction
Changes in thyroid function tests occur during pregnancy as a result of physiologic altera‐
tions in several factors controlling thyroid homeostasis. Urinary iodine excretion increases
along with the increase in thyroxine binding globulin (TBG) concentrations. Human cho‐
rionic gonadotrophin (hCG) having structural homology with thyroid stimulating hormone
(TSH), stimulates thyroid cells. Thus, during pregnancy, functional activity and size of the
thyroid gland are increased. Pregnancy is a stress test for the thyroid resulting in hypothyr‐
oidism in women with limited thyroidal reserve or iodine deficiency [1].
Thyroid dysfunction is common during gestation. The prevalence of hypothyroidism during
pregnancy is estimated to be 0.3-0.5% for overt hypothyroidism (OH) and 2-3% for subclini‐
cal hypothyroidism (SCH). Thyroid antibodies are found in 8-14% of women in the child‐
bearing age, and chronic autoimmune thyroiditis is the main cause of hypothyroidism
during pregnancy, apart from iode deficiency [2,3].
Given the rapidity of advances in this field, it is not surprising that controversy surrounds
optimal detection and management of thyroid disease in pregnant women. It is now well
established that OH is associated with an increased risk of adverse pregnancy complica‐
tions, as well as detrimental effects upon fetal neurocognitive development [4]. However,
data regarding SCH are controversial [4,5]
In the past several years, there has been a debate about the universal screening of thyroid
disorders. There is until now insufficient evidence to recommend for or against evaluating
thyroid function in all pregnant women. OH should be treated in pregnancy. However, due
to the lack of randomized controlled trials, there is no evidence to recommend universal
treatment of SCH or isolated hypothyroxinemia [6,7]
Central hypothyroidism will not be discussed in this chapter
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2. Physiology
Pregnancy profoundly influences thyroid function. This influence is due to many events
which are specific to the pregnant state: the changes in thyroid hormone transport protein
particularly in TBG, the effects of hCG on the maternal thyroid, the rise in the iodine re‐
quirement, the role of the placental deiodinase, and the modifications in the autoimmune
regulation. These events occur at different time points during gestation, resulting in com‐
plex effects that may be seen only transiently or, by contrast, that persist until term [8].
Hence, pregnancy is a real test for thyroid gland.
2.1. Thyroid hormones transport proteins
Thyroid hormones (TH) circulate in plasma, mainly bounded to 3 transport proteins: TBG, albu‐
min and prealbumin. Despite its smaller concentration compared with albumin and prealbu‐
min, the TBG is the main transport protein of TH, because of its extremely high affinity to these
hormones. In serum of normal subjects, TBG carries about two thirds of TH [9]. This bound hor‐
mone fraction is in equilibrium with a free unbound fraction, which is in contrast with its small‐
er amount (0.04% for T4 and 0.5% for T3), represents the active fraction of TH [10].
In pregnant women, serum TBG rises sharply few weeks after the beginning of pregnancy,
and reaches a plateau around midgestation, 2.5-fold higher than the initial value [11]. Subse‐
quently, the TBG concentration remains stable until term (Figure 1) [12]. This increase in
TBG level is due to the increase in estrogen concentration, resulting in a rise of TBG produc‐
tion and release by the liver, site of synthesis of the protein [11]. Furthermore, the circulating
levels of both albumin and prealbumin remain stable, with only a discrete tendency to de‐
crease near term, consequently to the hemodilution [13]. The respective affinities of the three
binding proteins for TH are not significantly modified. Hence, the proportion of T4 carried
by TBG reaches 75% during gestation [14].
In addition to its increased production, TBG has a longer half-life during gestation. Indeed,
the TBG is more sialylated during pregnancy than in other conditions. This higher sialyla‐
tion confers to the protein a longer half-life. However, the more sialylated fraction of TBG
represents a small amount of the total circulating protein (10–15%), and can’t explain alone
the prolongation of the TBG half-life. This extension of half-life is promoted by the stabiliza‐
tion of the TBG due to the proportional increase in its binding to T4.
Thus, the major change for thyroid hormone-binding proteins involves TBG, with:
• An increase in its production and release by liver
• An extension of its half-life due to the increase in the degree of its scialylation and its
stabilization consequently to the proportional increase in its binding to T4.
2.2. Thyroid hormones
2.2.1. Total thyroid hormones
In pregnancy, the total TH level increases consequently to the TBG increase. Since the affinity
of TBG to T4 is 20 fold higher than that of TBG to T3, changes of total T4 level follow more
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closely changes of TBG, and the T3/T4 molar ratio remains unaltered during pregnancy. Total
T4 level increases rapidly and markedly between the 6th and the 12th week of gestation and
then progresses more slowly, until it stabilizes around midgestation when total T3 level
increases more progressively [15].
2.2.2. Free thyroid hormones
Consequently to the increase of the bound fraction of TH, and to maintain free TH ho‐
meostasis, an increase in TH production is expected. This production enhancement is
thought to be regulated primarily through the normal pituitary-thyroid feedback mecha‐
nisms; TSH stimulation of the thyroid gland. However, in healthy pregnant women,
without thyroid autoimmunity or iodine deficiency, no increase in serum TSH is com‐
monly observed [16], and free TH levels fluctuations differ in the early gestation than in
its second half.
In the first trimester (as it will be discussed later), free T4 (FT4) level rises transiently in response
to the peak of production of hCG. This increase in FT4 level is totally independent of the action
of TSH which production decreases, in contrast, as a result of its down-regulation by high hCG
levels during early pregnancy [17].
In the second half of gestation, longitudinal recent studies based on reliable methodology,
carried out on large numbers of pregnant women without iodine deficiency, have showed that
serum free TH levels are lower by an average of 10–15% at delivery, in comparison with
nonpregnant female subjects, while remaining within reference range of these latters [18,19]
(Figure 1). This decrease in free TH level during the second half of gestation in healthy pregnant
women, considered euthyroid and without iodine deficiency, remains incompletely explained.
Some authors suggest that high estrogen levels over a prolonged period of time may modify
the regulation of both basal and TRH-stimulated TSH release by the pituitary gland [20]. Also,
an increased nuclear binding capacity for TH in target cells may compensate for this decrease
in free TH [21].
2.2.3. Peripheral metabolism of free thyroid hormones and role of placenta
Three enzymes catalyze the deiodination of thyroid hormones. Type I deiodinase, by deiodi‐
nation of T4, is responsible for the production of most of the circulating T 3. Type II deiodinase,
is expressed in certain tissues (pituitary gland, brain, brown adipose tissue) and also in the
placenta. Its activity increases when the availability of T4 decreases. So, it ensures the main‐
tenance of T3 production in the placenta as maternal T4 levels are reduced [22]. Placental type
III deiodinase has an extremely high activity during fetal life. It converts T4 to reverse T3 and
T3 to T2, and remarkably increases TH turn-over [23].
Thus, placenta is a selective barrier for the different constituents of thyroid metabolism: it
regulates free TH transfer by deiodinases, allows the materno-fetal iodine transfer, and is
impermeable to TSH. Placenta is also permeable to thyroid and TSH receptor antibodies and
antithyroid drugs.
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Figure 1. Variation in serum levels of thyroid function test and pregnancy-related hormones according to course of
gestation. [19]

2.3. Hypothalamic-pituitary-thyroid axis in pregnancy and the effect of hCG
As it has been already mentioned, previous studies concluded that elevated estrogen levels in
pregnancy may influence the hypothalamic-pituitary-thyroid axis (HPTA), perhaps by acting at
different levels (and not yet clearly defined) in the thyroid gland feedback-regulatory mecha‐
nisms, resulting in a blunting of the TSH response. In normal pregnant women who have no evi‐
dence of thyroid autoimmunity and who reside in areas with a sufficient iodine supply, serum
TSH remains stable and comparable to pregestation levels, after the transient fall due to high
hCG in the first trimester. Conversely, when the iodine intake is restricted, an increase in serum
TSH during late gestation (generally remaining within the reference range in normal pregnant
women) reflects the stimulated thyroid state. Thus, iodine insufficiency is then revealed by preg‐
nancy and explains the progressive increase in serum TSH observed after 16 weeks of gestation.
Concerning the effect of hCG on thyroid gland, it has been evoked from cases of thyrotoxicosis
observed in pathological conditions accompanied by extremely high circulating hCG levels,
such as molar pregnancy or other tropoblastic diseases [24]. Therefore, many studies have been
carried out to better clarify the real effect of hCG on TH production and its consequences on
TSH secretion. The results showed that the profiles of changes in serum TSH and hCG were
clear mirror images, with a linear relationship between hCG and FT4 concentrations during
early gestation (Figure 2). Thus, the lowering of TSH corresponds to a transient and partial
blunting of the pituitary-thyroid axis associated with an increased hormonal output by the
thyroid gland under hCG stimulation [18]. The thyrotropic action of hCG is explained by the
structural homology between the hCG and TSH molecules, and between LH/hCG and TSH
receptors. Thus, hCG is able to bind to the TSH receptor of thyroid follicular cells and exert its
stimulatory effects [25]. However, it should be remembered that hCG behaves as a weak
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thyroid stimulator in vivo. It is estimated that a 10,000 IU/liter increment in circulating hCG
corresponds to a mean FT4 increment in serum of 0.6 pmol/liter (i.e. 0.1ng/dl) and, in turn, to
a lowering of serum TSH of 0.1 mIU/liter. Hence, a transient increase in serum FT4 during the
first trimester will only be observed when hCG levels reach or exceed 50,000 –75,000 IU/liter.
Some studies assessed from a clinical stand point how often partial TSH suppression may occur
in early pregnancy. In up to one fifth of normal pregnancies, serum TSH may be transiently
suppressed in the first trimester to values below the lower limit of normal [26].

Figure 2. Upper graph, Serum TSH and hCG as a function of gestational age. Lower graph, Scattergram of free T levels
in relation to hCG concentrations in the first half of gestation. [28]
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In addition to the importance of the hCG peak amplitude on hCG effects on thyroid stimula‐
tion and TSH suppression, the duration of exposure to this peak is also important in modu‐
lating hCG effects. Thus, in twin pregnancies, where not only the peak hCG values are
significantly higher than in single pregnancies (in fact, almost double), but also of much lon‐
ger duration (6 weeks vs1 week), more profound and frequent lowering in serum TSH is ob‐
served. Among these cases, FT4 levels in the hyperthyroid range accompanied by clinical
manifestation of thyrotoxicosis have even been described [27].
2.4. Iodine physiology during pregnancy
During pregnancy, dietary iodine requirements are higher than in nonpregnant women. Three
main mechanisms explain this requirement increase: rise in TH production, increase in renal
iodine filtration, and passage of a part of the available iodine from maternal circulation to the
fetal-placental unit. Beginning in early pregnancy, the glomerular filtration rate of iodide
increases by 30% to 50% [29], thus decreasing the circulating pool of plasma iodine. This
induces in turn an increase in thyroidal iodine clearance, which reaches 60 ml/mn (versus 17
ml/mn behind pregnancy in sufficient iodine region) [30]. A comparison of pregnant women
from various countries demonstrated that peak gestational urinary iodine levels vary,
suggesting differences in renal excretion thresholds by regional dietary iodine intake [31]. In
addition to the renal leakage of iodine, at midgestation, the fetal thyroid gland has already
started to produce thyroid hormones, using iodine pumped in maternal circulation, which
exacerbates mother iodine deprivation [32].
The consensus recommendation of the World Health Organization is that the iodine supply
should be increased in pregnant and lactating women to at least 200 microg/day [33]. In
pregnant women who reside in countries with an iodine sufficient environment (a daily iodine
intake of more than 150 mg), iodine losses in the urine and from transfer to the fetus are
probably of little importance. In iodine deficient regions, an increase in maternal TSH levels
and consequently in thyroid size is observed. If iodine deficiency is severe, TSH increase is
insufficient to ensure adequate TH production and hypothyroidism develops (Figure 3).

Figure 3. Conceptual models of adequate (left panel) and inadequate (right panel) iodine nutrition and thyroid func‐
tion [34].
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2.5. Gestational modifications of the autoimmune regulation
For a successful pregnancy outcome, the maternal immune system must tolerate the fetus.
Therefore, placental trophoblast cells secrete a variety of cytokines and molecules having an
immunomodulatory action (table 1). The result is an attenuation of immune responses with a
general improvement in autoimmune diseases, including thyroid immune disease [35]
2.6. Fetal thyroid development
Fetal thyroid ontogeny begins at 10-12 weeks of gestation, and is not accomplished until
delivery. T4 starts being secreted by 18-20th week of gestation [36]. Before this time, the fetus
is dependent on a supply of maternal TH which is essential for early fetal development and,
in particular, early central nervous system (CNS) development.
Place event

Adaptation

Result

Local

Trophoblast cells express several immune-

- Fas-L induces apoptosis on fetal antigen-reactive

modulating molecules (Fas-L, HLA-G and

maternal lymphocytes

indoleamine 2,3-dioxygenase) as well as

-HLA-G inhibits both NK cell function and

secreting a variety of cytokines

maturation of dendritic cells
-Indoleamine 2,3-dioxigenase catalyzes
triptophane in lymphocytes, which is critical in the
maintenance of allogenic pregnancy

Systemic

T cell

-Decreased CD4, increased CD8 T cells and
increasing activity of T regulatory cells
-The immune response is turned from Th1 (cellular)
to Th2 (humoral), with an increase in Th2 cytokine
production

B cell

Despite the shift to Th2, the relative B cell
production and activity are downregulated, leading
to a reduction in antibody production

Hormonal changes

-Increase in plasma levels of estrogen,
progesterone, and corticosteroids
-Estrogen produces negative regulation of B cell
activity
-Progesterone generates variation in cytokine
proﬁles
-Corticosteroids induce immune cell apoptosis and
immunosuppression

Postpartum

Recovery of prepregnancy immune

-Increased titers of serum antibodies, reversed ratio

function

CD4+/CD8+ T cells, and change in cytokine proﬁles
favor Th1 responses

Fas-L, Fas-Ligand; HLA-G, Human leukocyte antigen-G; NK, natural killer; Th1, T helper cell 1; Th2, T helper cell 2
Table 1. Immune Adaptation to Pregnancy [19]
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3. Epidemiology
In women of childbearing age, the prevalence of overt hypothyroidism is estimated at 0,3- 0,5%
and that of subclinical hypothyroidism at 2-3%. Prevalence rates are similar during pregnancy
[2,5]. Three large studies have assessed the prevalence of hypothyroidism in pregnant women.
They have concerned respectively 1900, 2000 and 9403 pregnant women. The prevalence of
hypothyroidism was similar in the three studies ranging from 2,2 to 2,4%. In the study carried
out on 9403 pregnant women, subclinical hypothyroidism was detected in 0,4% of cases [37].
The prevalence of hypothyroidism in pregnancy is strongly linked to the TSH cut-off value
used. In a Czech study on more than 5000 women, this prevalence reached 5.6 % if a cut-off at
3.67 mIU/l was used. However, using a cut-off at 2.5 mU/l, the proportion of pregnant women
with TSH elevation increased to 16.7 % [38]. The large American study of Blatt et al. showed
similar numbers [39].
Defining the true incidence of isolated maternal hypothyroxinemia is rather difficult, because
of the differences in diagnostic criteria used to define the condition. In addition, the epide‐
miological data presently available are somewhat sparse. The issue of the epidemiological
impact of isolated hypothyroxinemia was very recently reviewed by Krassas et al. [3], who
estimated an overall incidence of approximately 2% in unselected pregnancies. However, there
are wide differences among the studies, related mainly to differences in iodine nutrition status.
Indeed, in regions where iodine intake is sufficient, as is the case in the United States, the
prevalence of isolated hypothyroxinemia ranges between 1.3% [40] and 2.3% [41]. In contrast,
in mildly to moderately iodine deficient regions, isolated hypothyroxinemia affects a much
higher percentage of women, reaching values up to 25–30% [42,43]. Interestingly, in a very
recent study by Henrichs et al.[44] carried out in The Netherlands on a cohort of 3659 women,
the prevalence of mild hypothyroxinemia (FT4 < 10th percentile) was 8.5% and that of severe
hypothyroxinemia (FT4 < 5th percentile) 4.3%. These figures are significantly higher than those
reported in previous studies conducted in iodine sufficient regions [40,42].

4. Causes of hypothyroidism in pregnancy
Worldwide, particularly in mountainous regions and in Central Africa, South America and
Northern Asia, the most common cause of hypothyroidism is iodine deficiency [45]. Because
of increased thyroid hormone production, increased renal iodine excretion, and fetal iodine
requirements, dietary iodine requirements are higher in pregnancy than they are for non
pregnant adults [29]. Women with adequate iodine intake before and during pregnancy have
adequate intra-thyroidal iodine stores and have no difficulty adapting to this increased
demand. In these women, total body iodine levels remain stable throughout pregnancy [46].
However, in areas of even mild to moderate iodine deficiency, total body iodine stores, as
reflected by urinary iodine values, decline gradually from the first to the third trimester of
pregnancy [47].
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It is difficult to determine the severity of iodine deficiency in pregnant women. The commonly
used index for assessing iodine status in a population is the median urinary iodine concen‐
tration (MUIC) as determined from a casual or spot urine sample. A MUIC > 100 micog/l is
indicative of adequate iodine status in children, men and non pregnant women. A MUIC of
50-99 microg/l, 20-49 microg/l and < 20 microg/l are indicative of mild, moderate and severe
iodine deficiency respectively [48]. The World Health Organization estimates that about two
billion people are iodine deficient [48].
In areas of iodine sufficiency, the most common cause of hypothyroidism in pregnant women
is chronic autoimmune thyroiditis [49]. Anti-thyroid antibodies were found in 18% of Aus‐
tralian women in the late first trimester and were associated with subtle effects on thyroid
function [50]. In a prospective population study of 9471 pregnant women in the United States
in whom serum TSH was measured during the second trimester, hypothyroidism was
diagnosed in 2.2% of the cohort, and autoimmune thyroiditis was present in 55% of women
with SCH and more than 80% in women with OH [37].
Thyroidectomy, ablative iodine therapies or anti-thyroid drugs are other important causes of
primary hypothyroidism [6].

5. Consequences of maternal hypothyroidism
Thyroid diseases are common in women of childbearing age and it is well known that
untreated thyroid disturbances result in an increased rate of adverse events. Evaluation of
thyroid status in pregnancy requires an understanding of pregnancy-associated changes in
thyroid function tests and how they vary by trimester. The spectrum of hypothyroidism in
pregnancy includes subclinical and overt hypothyroidism, and also isolated thyroid peroxi‐
dase antibody positivity and isolated hypothyroxinemia. These patterns, in some situations,
may be related to iodine status, selenium status, or underlying thyroid disease.
5.1. Consequences of maternal hypothyroidism
Abnormal maternal thyroid parameters are associated with adverse pregnancy outcomes, with
consequences for both mother and child. Although various studies evaluated maternal thyroid
parameters during the first half of pregnancy, little is known about their relations with thyroid
parameters of the child. There are correlations between maternal thyroid parameters and
gestational age during the first half of pregnancy and a substantially increased risk of SCH in
TPOAb-positive mothers [51]
5.1.1. Influence of maternal thyroid disease on fetal development
Any thyroid disease of the mother with disturbances in the functional state of the gland could
induce an adverse influence on the course of pregnancy. Furthermore, it can be associated with
adverse consequences on fetal development [37].
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Enough evidence has been accumulated over the years about the role of T4 in normal devel‐
opment of the fetal brain. The presence of specific nuclear receptors of thyroid hormones in
fetal brain at 8 weeks of gestation, the presence of FT4 in the coelomic and amniotic fluids and
demonstration of the transfer of maternal thyroid hormones across the placenta, underline the
role of thyroid hormones in fetal brain development. Complex interactions between the type
II and type III iodothyronine deiodinases during gestation help to fine tune the supply of
adequate amounts of T3 required for normal brain development [52].
Because thyroid hormones are crucial to fetal brain and nervous system development,
uncontrolled hypothyroidism, especially during the first trimester, can affect the fetal’s growth
and brain development and can alter the neurocognitive development of the offspring [4].
Maintaining maternal euthyroidism during pregnancy is important for growth and develop‐
ment, in particular neurodevelopment of the fetus. Even subtle changes in thyroid function of
the pregnant woman can cause detrimental effects for the fetus. In the first trimester, the foetus
relies solely on the thyroid hormones T4 and T3 and iodine from the mother. Later in pregnancy
and during lactation, maternal TH still contribute significantly to fetal thyroid homeostasis
[32]. The impact of overt maternal hypothyroidism on pregnancy is profound. The severity,
timing of onset and duration, as well as postnatal management, all influence fetal and neonatal
brain development. It is now believed than even mild maternal hypothyroidism (from mild
iodine deficiency, thyroid autoimmunity, or thyroid under-replacement) may affect fetal brain
development [5,6]
Adequate thyroid hormone is critical for cerebellar development. Developmental hypothyr‐
oidism induced by iodine deficiency during the perinatal period results in permanent impair‐
ments of cerebellar development with an unclear mechanism [52].
Hypothyroidism during pregnancy has been also associated with impaired cognitive devel‐
opment and increased fetal mortality [37].
5.1.2. b-Obstetrical complications of maternal hypothyroidism
Women with hypothyroidism have decreased fertility; even if they conceive, risk of abortion
is increased, and risk of gestational hypertension, anemia, abruption placenta and postpartum
hemorrhage is increased [49]
The association between overt maternal hypothyroidism, particularly in early pregnancy, and
adverse obstetric outcomes is well-established. In a study of women during the second
trimester of pregnancy, the prevalence of fetal death was over 4-fold higher in mothers with
a TSH concentration ≥6 mIU/L, compared to those whose mothers had a TSH <6 mIU/L (3.8%
vs. 0.9%) [37]
Untreated hypothyroidism is associated with increased risk of preeclampsia, low birth weight,
placental abruption, miscarriage, and perinatal mortality [53,54]. In addition to an increased
risk of low birth weight, hypothyroidism (as defined by increased serum TSH) early and late
in pregnancy may also increase the rate of caesarean section [55].
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Raised maternal serum TSH in the second trimester is also associated with an increased rate
of fetal death after 16 weeks’ gestation [37]. Other studies have found that although women
treated for hypothyroidism may have higher rates of preeclampsia and caesarean section than
euthyroid women, they are not at any higher risk for adverse outcomes such as fetal anomalies,
fetal demise, or preterm birth. In hypothyroidism there are placental hypoxic changes. This
may be responsible for thick meconium, stained liquor and/or fetal distress [37].
5.1.3. Neonatal and long-term complications of maternal hypothyroidism
In addition to adverse obstetrical outcomes, maternal hypothyroidism is associated with
adverse neonatal outcomes. As the fetus does not begin to produce its own TH until approx‐
imately 12 weeks’ gestation, it is solely dependent on maternal T4 during early gestation
[56,57]. After 12 weeks, thyroid hormone in the fetus continues to be partly supplied by the
mother [58].
Untreated maternal hypothyroidism can lead to preterm birth, low birth weight, and respira‐
tory distress in the neonate.
Many studies [4,59] have conclusively proved that children born to mothers with hypothyr‐
oidism had a significantly increased risk of impairment in IQ scores, neuropsychological
developmental indices and learning abilities. This risk applies to children born not only of
untreated women, but also women with suboptimal supplementation.
Children born to uncontrolled hypothyroid mothers are at increased risk of psychomotor
development alterations and diminished school performance, reaching recognition and
IQ scores [60]
5.1.4. Subclinical hypothyroidism
The risk of pregnancy complications is greater in women with overt, rather than subclinical
hypothyroidism [49].
Wang et al. reported an association between SCH and increased risk of spontaneous abortions,
but not with gestational hypertension, premature delivery, anemia, postpartum hemorrhage,
low APGAR scores, and low birth weight [61].
During pregnancy, TSH levels higher than 4.5 mIU/l have been related to impaired fetal
neurological and psychomotor development and an increased risk of premature labor, preeclampsia, and abruption placenta [53,59]
Although the majority of large-scale, well-designed studies depict a consistent adverse
impact from mild to moderate to moderate maternel hypothyroidism, some studies are
contradictory [49,62]
5.2. Thyroid auto-immunity
Multiple observational studies [63,64,65] and 2 meta-analyses [66,67] have confirmed a 2-4 fold
risk of miscarriage among euthyroid TPO antibody-positive women, compared to euthyroid
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TPO antibody-negative women. Some studies [68,69] but not all [70,71], have also found
associations between thyroid autoimmunity and increased rates of recurrent miscarriage.
The presence of maternal thyroid antibodies has also been associated with a 3-fold risk
for premature delivery before 37 weeks gestation [72], postpartum thyroiditis [73], thyroi‐
ditis after pregnancy loss [74], and placental abruption. Moreover, the positivity for thy‐
roid autoantibodies in euthyroid pregnant women affects neuropsychological
development of the offspring per se [75]
The reasons for the associations between anti-thyroid antibodies and obstetric complications
remain unclear. They may be related to a direct effect of the anti-thyroid antibodies, or the
anti-thyroid antibodies may serve as a marker for other causative autoimmune syndromes.
Alternatively, anti-thyroid antibodies may simply indicate limited thyroid functional reserve
[1], suggesting that the association between TPO antibody positivity and obstetric complica‐
tions may be confounded by even mild hypothyroidism obtained during pregnancy.
Although positive association exists between the presence of thyroid antibodies and pregnan‐
cy loss, universal screening for antithyroid antibodies and possible treatment cannot be
recommended at this time. However, women with elevated anti-TPO antibodies are at
increased risk for miscarriage, preterm delivery and progression of hypothyroidism. There‐
fore, if identified, such women should be screened for serum TSH abnormalities before
pregnancy, as well as during the first and second trimesters of pregnancy.
5.3. Isolated maternal hypothyroxinemia
Isolated maternal hypothyroxinemia is defined as a low FT4 and normal TSH, which can be
found in approximately 1% to 2% of pregnancies. In some studies, infants and toddlers whose
mothers had isolated maternal hypothyroxinemia during gestation (12 to 20 weeks) had lower
mean intelligence, psychomotor, or behavioral scores compared with children born to women
with normal thyroid function during gestation [60].
In another study, risks of adverse pregnancy outcomes were not increased in over 200 pregnant
women with isolated hypothyroxinemia [40].
However, till date, no study has shown benefit from levothyroxine treatment of isolated hypo‐
thyroxinemia during pregnancy, on pregnancy outcome or subsequent infant development.

6. Diagnosis
Clinical semiology of hypothyroidism may be confused or changed by signs of the pregnancy.
Tachycardia and cardiovascular erethism, so frequent during pregnancy can mask some signs
of pregnancy. On the contrary, other common symptoms during pregnancy can be mistaken
for signs of hypothyroidism: fatigue, fluid retention, muscle cramps, constipation, dry skin
and hair. Obvious signs such as bradycardia, cold sensitivity, hyporeflexia, paresthesia of
extremities, are present in frank hypothyroidism where fertility rate is so small that the
possibility of pregnancy is quite unlikely [76].
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Because many women may remain asymptomatic, particular attention is required from
obstetrical care providers for this condition to be diagnosed and to evaluate more systemati‐
cally thyroid function when women attend the prenatal clinic for the first time. Only thyroid
function tests confirm the diagnosis [77]. Their results differ in healthy pregnant women from
those of healthy non pregnant women. This calls for pregnancy-specific and ideally trimesterspecific reference intervals for all thyroid function tests but in particular for the most widely
applied tests, TSH and FT4 [78]. If a non pregnant reference range is used, many maternal
thyroid diseases could be potentially misclassified [79]. Some researchers have established
trimester-specific reference intervals for a local population (table 2)
1st author [reference]

1st trimester

2nd trimester

3rd trimester

Stricker R [79]

1.04 (0.09–2.83)

1.02 (0.20–2.79)

1.14 (0.31–2.90)

Haddow JE [80]

0.94 (0.08–2.73)

1.29 (0.39–2.70)

-

Panesar NS [81]

0.80 (0.03–2.30)

1.10 (0.03–3.10)

1.30 (0.13–3.50)

Soldin OP [82]

0.98 (0.24–2.99)

1.09 (0.46–2.95)

1.20 (0.43–2.78)

Bocos-Terraz JP [83]

0.92 (0.03–2.65)

1.12 (0.12–2.64)

1.29 (0.23–3.56)

Marwaha RK [84]

2.10 (0.60–5.00)

2.40 (0.43–5.78)

2.10 (0.74–5.70)

Wang QW [85]**

1.00 (0.02-3.65)

1.26 (0.36-3.46)

1.50 (0.44-5.04)

*Median TSH in mIU/l, with parenthetical data indicating 5th and 95th percentiles [80,81,84] or 2.5th and 97.5th percentiles
[79,82,83,85]. **Self-sequential longitudinal reference intervals
Table 2. Sample trimester-specific reference intervals for serum TSH*

The reference range for TSH is lower throughout pregnancy; both the lower normal limit and
the upper normal limit of serum TSH are decreased by about 0.1-0.2 mIU/l and 1 mIU/l
respectively, compared with the customary TSH reference interval of 0.4-4 mIU/l of non
pregnant women. Serum TSH and its reference range rise gradually in the second and third
trimesters, except for the study of Marwaha et al. [84], but it is noteworthy that the TSH
reference interval remains lower than in non pregnant women [80,81,85].
There are slight but significant ethnic differences in serum TSH concentrations. Black and
Asian women have TSH values that are on average 0.4 mIU/l lower than in white women, these
differences persist during pregnancy [86]. Pregnant women of Moroccan, Turkish or Suri‐
namese descent residing in the Netherlands have TSH values 0.2-0.3 mIU/l lower than Dutch
non pregnant women [87]. TSH concentrations are lower in multiple pregnancies since hCG
concentrations are higher [88].
A serum TSH elevation suggests primary hypothyroidism, and serum T4 levels further
distinguish between SCH and OH. Only 0.03% of serum total T4 (TT4) content is unbound to
serum proteins and is the free T4 available for tissue uptake. Measuring FT4 in the presence
of high concentrations of bound T4 has proved challenging especially in abnormal bindingprotein states such as pregnancy [78]. According to the recommendations of the American
Thyroid Association [78], the optimal method to assess serum FT4 during pregnancy is the
measurement of T4 in the dialysate or ultrafiltrate of serum samples employing on-line
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extraction/liquid chromatography/tandem mass spectrometry (LC/MS/MS). If this method is
not available, the free T4 index (adjusted T4) appears to be a reliable assay during pregnancy
[77]. The normal ranges for FT4 index are calculated by TT4xT3 uptake or a ratio of TT4 and
TBG, but trimester-specific reference intervals for FT4 index have not been established in a
reference population [78]. Reference ranges provided by the manufacturers of most T4
measurement kits have been established using pools of non pregnant normal sera [2] and such
reference ranges are not valid during pregnancy. The Endocrine Society in 2012 recommended
caution in the interpretation of serum FT4 levels during pregnancy and that each laboratory
establishes trimester-specific reference ranges for pregnant women [77]. The non pregnant TT4
range (5-12 microg/dl or 50-150 nmol/l) can be adapted in the second and third trimesters by
multiplying this range by one and a half-fold [77].
A TSH of 2.5 mIU/l is now accepted as the upper limit of normal for TSH in the first trimester
[77]. OH is defined as an elevated TSH (>2.5 mIU/l) in conjunction with a decreased FT4
concentration. Women with TSH levels of 10.0 mIU/l or above, irrespective of their FT4 levels
are also considered to have OH. SCH is defined as a serum TSH between 2.5 and 10.0 mIU/l
with a normal FT4 concentration. Isolated hypothyroxinemia is defined as a normal maternal
TSH concentration in conjunction with FT4 concentrations in the lower 5th or 10th percentile of
the reference range [78].

7. Specific interventions
Over the last decade there has been enhanced awareness of the appreciable morbidity of
thyroid dysfunction, particularly thyroid deficiency.
Well controlled hypothyroidism does not usually pose major problems in pregnancy and there
may be good evidence that the benefits of appropriate interventions largely outweigh the
potential risks associated with treatment. Uncertainty exists about the benefits of treatment of
women with subclinical hypothyroidism. The overall lack of evidence precluded a recom‐
mendation for universal screening [77].
We present here main interventional studies, that compared an intervention for hypothyroid‐
ism and/or subclinical hypothyroidism in pregnancy with another intervention, no treatment
or placebo, and those that evaluated effects of iodine supplementation during pregnancy, and
their effects on maternal and fetal outcomes (Table 3)
7.1. Interventions using Levothyroxine (LT4)
Levothyroxine was compared to no treatment or to no change in treatment during the
pregnancy in four randomized controlled trials studies:
• Negro Ret al, in a study published in 2006 [72] evaluated 984 pregnant women for autoim‐
mune thyroid disease. Were excluded pregnant women with pre-existing thyroid dysfunc‐
tion. 11.7% (115 participants) were TPO antibody positive (TPOAb+). They were divided
into two groups. Group A (n:57) was treated with LT4, and group B (n:58) was not treated.
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The 869 TPOAb- patients (group C) served as a control group. The dosage of LT4varied
dependly on TSH and TPOAb titers. The rates of obstetrical complications including
gestational hypertension, pre-eclampsia, placental abruption, miscarriage, and preterm
birth as well as serum TSH and FT4 were measured. Other outcomes included clinical
characteristics of new borns (weight, height, cranial perimeter, Apgar score).
At baseline, TPOAb+ women had higher TSH compared with TPOAb- throughout gestation,
FT4 values were lower and TSH higher in group B compared with groups A and C. Groups A
and C showed a similar miscarriage rate which was lower than group B. Rate of premature
deliveries was higher in group B than groups A and C. Substitutive treatment with LT4 was
than able to lower significantly the chance of premature delivery with a trend to a reduced
risk miscarriage. Main limitations of this study were the absence of placebo group, the blinding
of the outcome assessor was unclear.
• Rotondi M et al. [89] in a study published in 2004 conducted a prospective parallel random‐
ized trial. 25 patients with compensated hypothyroidism of different etiology (thyroidec‐
tomized and Hashimoto’s thyroiditis) and anticipating pregnancy were assigned into two
groups. In group 1 (modified n:14), the LT4 dose was adjusted to maintain low-normal TSH
levels. Group 2 (unmodified n:11) continued the same treatment. Thyroid function tests
were performed pre-conception (at least 60 days from the LT4 increase for the group 1
participants) and at the first post-conception endocrinological visit.
Pre-conception thyroid function evaluation demonstrated significantly higher FT4 and lower
TSH in group 1. At the first post-conception thyroid function evaluation, all women in group
1 showed adequate serum FT4 levels while in group 2, three patients had low-normal FT4
levels and one had low FT4 level. The difference was statistically significant between the two
groups. None of the Hashimoto’s affected patients showed low or low-normal FT4 levels. This
study suggests that in hypothyroid women anticipating pregnancy, the pre-conception
adjustment of LT4 doses may result in adequate maternal thyroid function up to the first postconception evaluation. The main limitation of this study was the absence of blinding of the
participants, the blinding of the clinicians and outcome assessors was unclear.
• Negro R et al [7] in a trial published in 2010 randomly assigned 4562 women in the first
trimester to the universal screening or case finding group. Women in both groups were
stratified as high risk or low risk based on risk factors for thyroid disease. All women in the
universal screening group (n:2280)and high risk women (n:454) in the case-finding group
(n:2282) were immediately tested for FT4, TSH and TPO Ab. Low risk women in the casefinding group had their sera tested post-partum. Women with TSH above 2.5 mIU/l and
TPOAb+ were given LT4. Women with undetectable TSH and elevated FT4 were given antithyroid medication. The rates of obstetrical complications and neonatal outcomes were
evaluated.
No significant differences were seen in adverse outcomes between the case-finding and
universal screening groups. However, low-risk women in the universal screening group had
fewer overall adverse outcomes than low-risk women in the case-finding group. Moreover,
more low risk women in the universal screening group with abnormal thyroid function (so
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treated) avoided adverse outcomes more often than low risk women in the case finding group
with abnormal thyroid function (who were not detected and therefore not treated). Main
limitation of the study was the lack of direct comparison of treatment and of treatment and
non-treatment among the high risk women, and that a power analysis was not performed to
determine the sample size
• Lazarus JH et al. [90] in a study published in 2012 conducted a randomized trial of antenatal
hypothyroidism screening with selective treatment, and assessment of childhood cognitive
function. 21846 pregnant women at a median gestational age of 12 weeks 3 days, provided
blood samples for measurement of TSH and FT4. Women were assigned to a screening
group (n:10924), in which measurements were obtained immediately, or a control group (n:
10922) in which serum was stored and measurements were obtained shortly after delivery.
Women with TSH levels >97.5th centile and/or FT4 levels <2.5th centile were designated
positive and women in the screening group were prescribed LT4. The primary outcome was
IQ at 3 years of age in children of women with positive results, as measured by psychologists
who were unaware of the group assignments.
The proportions of women classified as having positive screening results were 4.6% in the
screening group and 5% in the control group. 19% of women required LT adjustment. There
were no significant difference between IQ scores in the screening and control positive groups,
by intension-to-treat analysis. There were no differences between the proportions of children
with IQ of less than 85 between the screening and control group. An on-treatment analysis
showed no significant difference.
In this study, antenatal screening and treatment for hypothyroidism from about 12 weeks of
pregnancy showed no benefit in childhood cognitive function assessed at age three.
Main limitations of this study were: about 24% of the women were lost to follow-up with
similar proportions, but 19 women from the screening and 41 from the control group de‐
clined to have their child assessed, screening was performed too late in gestation to have a
major influence on brain development, childhood cognitive assessment was performed ear‐
ly, and IQ is not sufficient to evaluate cognitive function
7.2. Interventions using selenium
Negro R et al. [91] in his placebo controlled trial published in 2007, examined whether selenium
supplementation during and after pregnancy reduces the rate of postpartum thyroiditis and
permanent hypothyroidism. Of the 2143 euthyroid pregnant women studied, 7.9% were
TPOAB+. During pregnancy and the postpartum period, 77 TPOAb+ women received Seleno‐
methionine 200 microg/d (group S1), 74 TPOAb+ women received placebo (group S0) and 81
TPO Ab- age-matched women were the control group (group C). All the women were advised
to use iodized salt. Thyroid function tests were performed at 20 and 30 weeks, at delivery and
months 1-2, 5,9 and 12 postpartum. Selenium concentrations were measured at the first visit
(mean 9.4 ± 2.7 gestation), at 20 and 30 weeks’ gestation, at delivery and 6 and 12 months post‐
partum. Participants also underwent thyroid ultrasound scanning to assess for thyroiditis at the
first visit, at delivery and at 12 months postpartum. Postpartum thyroiditis and permanent hy‐
pothyroidism were significantly lower in group S1 compared with S0 (p<0.01).
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Main limitation was the loss to follow-up data; in the selenium group 8/85 and in the placebo
group 10/84.
7.3. Interventions using iodine
• In severe iodine deficiency areas
Cao XY et al. [92] in a study published in 1994 examined the effect of iodized oil given during
pregnancy on neurological outcomes in a severely iodine-deficient area of China (n = 295).
Babies were followed for two years. Three independent measures of neural development were
used: the results of neurologic examination, the head circumference and indexes of cognitive
and motor development. Children of mothers given iodine earlier in pregnancy had improved
all neurologic outcomes compared to mothers given iodine later in pregnancy. Treatment later
in pregnancy may improve brain growth and developmental achievement slightly, but it does
not improve neurologic status.
O'Donnell KJ et al. [93] in their study published in 2002 evaluated growth and development of
689 children (range 4 to 7.3 years whose mothers received iodine during pregnancy, and
children who received iodine first in their 2nd year) in a part of China's Province which has
the lowest levels of iodine in water and soil ever recorded. Head circumference but not height
was improved for those whose mothers received iodine during pregnancy (compared with
those receiving iodine at age 2) and for those supplemented before the end of the 2nd trimester
(relative to those supplemented during the 3rd trimester). Iodine before the 3rd trimester
predicted higher psychomotor test scores for children relative to those provided iodine later
in pregnancy or at 2 years. Results from the test for cognitive development resulted in trend
only differences between those children supplemented during pregnancy versus later.
• In moderate to mild iodine deficiency areas
In 2009, two randomized trials were published investigating the effect of iodine supplemen‐
tation in moderately iodine deficient pregnant women on neurodevelopment of their children.
Berbel P et al. [94] recruited three groups of pregnant women living in Spain at different phases
of gestation; the first group of women had T4 concentrations >20th percentile at recruitment
(>0.92 ng/dL at 4–6 weeks gestation), while the second and third groups of women had T4
concentrations <10th percentile (<0.83 ng/dL) at 12–14 weeks gestation and near term, respec‐
tively. All three groups of women were supplemented with 200 μg of iodine until the end of
lactation. When the children were 18 months old, the development quotient of children in
mothers supplemented in the first group was significantly higher than that of children whose
mothers received supplements from 12–14 weeks gestation and near term. A limitation of this
study was the small numbers of children tested, with less than 20 children in each of the three
groups. Furthermore, the women supplemented later in pregnancy or at term were specifically
selected because they had low FT4 in pregnancy, while the women supplemented earlier in
pregnancy had a higher FT4, thus a difference in FT4 rather than the iodine supplementation
may account for the findings. A second Spanish study conducted in an area of moderate iodine
deficiency by Velasco I et al. [95], evaluated the psychological development of infants aged 3 to
18 months whose mothers (n:133) had received 300 microg of potassium iodide during the first
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trimester of their pregnancy and compared with infants whose mothers had received no iodine
supplements (n:61). Were evaluated the neuropsychological status of the children and levels
of TSH, FT3, FT4, and urinary iodine. Those children whose mothers had received iodine
supplement had a more favorable psychometric assessment than those of the other group of
mothers. A limitation of this study was that children were tested at different ages in this study
(5.5 months vs. 12.4 months), and the possible presence of confounding variables not controlled
for in this study. Finally, both studies were not randomized, double-blind, placebo-controlled
trials, and although they suggest that neurodevelopment in the child may be adversely affected
by moderate iodine deficiency, they are certainly not definitive
Author (year)

Country

n

Methods

Outcome measures

Negro R (2006)

Italy

984

Pregnant women TPOAb+ randomized to

Miscarriage, gestational

levothyroxine vs no treatment

hypertension, pre-eclampsia,

[72]

preterm birth, placental abruption
Rotondi M

Italy

25

(2004) [89]

Women with overt hypothyroidism

FT4, FT3, TSH

anticipating pregnancy randomized to
adjusted dose of LT4 to have TSH low-normal
or unmodified treatment

Negro R (2010)

Italy

4562

[7]

Women in first trimester pregnancy

Obstetrical complications

randomized to universal screening group or

(miscarriage, gestational

case-finding group. LT4 was given if TSH"/

hypertension, preeclampsia..) and

>2.5 mIU/l and TPOAb+

neonatal outcomes (weight,
preterm delivery, Apgar score…)

Lazarus JH

United

(2012) [90]

Kingdom, Italy

21846

Pregnant women at 15weeks 6days or less

IQ of children at age 3 years

provided blood samples for TSH and FT4,
randomized to screening group or control
group. Women with TSH"/>97.5 and/or
FT4<2.5th centile in the screening group were
given LT4

Negro R (2007)

Italy

2143

[91]

Euthyroid pregnant women studied. TPOAb+

Thyroid function tests, thyroid

randomized to receive selenomthionine 200

antibodies, thyroid ultrasound

microg/d or placebo
Cao XY (1994)

China

295

[92]

Pregnant women in severely iodine deficient

Neurologic examination, head

area given iodized oil

circumference, indexes of cognitive

A group of pregnant women received iodine

Head circumference, height,

during pregnancy and a group of children

psychomotor and cognitive

received iodine during their 2nd year

development

Women 4–6 weeks gestation with FT4 "/>

Brunet-Lezine developmental

20th percentile (Group1) vs. women with FT4

quotient

and motor development
O’Donnel KJ

USA

689

(2002) [93]
Berbel P (2009)

Spain

96

[94]

< 10th percentile at 12–14 weeks (Group 2) or
at 37–40 weeks (Group3) given iodine 200
microg /d until end of lactation.
Velasco I (2009
[95]

Spain

191

Women <10 weeks gestation (Group 1) vs. last

Bayley Psychomotor Development

month of pregnancy (Group 2) given iodine

Index

300 microg /d until end of lactation

Table 3. Interventional studies for clinical and subclinical hypothyroidism in pregnancy
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8. Screening
In the past several years, there has been considerable discussion about whether all preg‐
nant women should be screened in order to identify and treat thyroid dysfunction.
Screening is defined as ‘the presumptive identification of unrecognized disease or defect
by the application of tests, examinations, or other procedures which can be applied rap‐
idly. Screening tests sort out apparently well persons who probably have a disease from
those who probably do not’
[96]. Ideally all the following criteria should be met: The
Condition should be an important health problem, its epidemiology and natural history
should be well known. The test should be a simple, safe, precise and validated with
agreed reference range. The treatment should be effective, there should be agreed evi‐
dence based policies covering which subjects need treatment and the appropriate treat‐
ment to be offered. The Screening Program should be effective in reducing mortality or
morbidity (evidence from high quality Randomized Controlled Trials); should be clinical‐
ly, socially and ethically acceptable to health professionals and the public. The benefit
from the screening program should outweigh the physical and psychological harm
(caused by the test, diagnostic procedures and treatment). The opportunity cost of the
screening program should be economically balanced in relation to expenditure on medi‐
cal care as a whole (cost benefit and/or cost effectiveness analyses) [97].
In the case for thyroid screening in pregnancy, most of the above points are satisfied. Both OH
and SCH are prevalent. Serum TSH is relatively inexpensive, widely available and is a reliable
test in pregnancy, assuming that trimester-specific reference ranges are applied [78]. The
adverse maternal and fetal effects associated with OH have been clearly demonstrated. The
problem is still represented by the halo of uncertainty that surrounds clinical entities such as
SCH and isolated hypothyroxinemia. The lack of high quality randomized controlled trials in
these two conditions had led to mixed viewpoints among members of the American Thyroid
Association [78] and the Endocrine Society [77]. Both agree that there are not enough data for
or against universal screening but also acknowledge that lack of evidence of benefit doesn’t
mean that there is no benefit.
In their recent guidelines, the American Thyroid Association [78], and the Endocrine Soci‐
ety [77] recommend prenatal measurement of serum TSH in women at high risk for thy‐
roid illness on the basis of their medical history, physical exam, or prior chemical data.
(Table 4)
There is insufficient evidence to recommend for or against screening all women for thyroid
antibodies in the first trimester of pregnancy [78]. Universal screening for the presence of antiTPO antibodies either before or during pregnancy is therefore not recommended [77].
However, women with elevated anti-TPO antibodies are at increased risk for miscarriage,
preterm delivery, progression of hypothyroidism, and postpartum thyroiditis. Therefore, if
identified, such women should be screened for serum TSH abnormalities before pregnancy,
as well as during the first and second trimesters of pregnancy.
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Women over age 30 years
Women with a family history or autoimmune thyroid disease or hypothyroidism
Women with a goiter
Women with thyroid antibodies, primarily thyroid peroxidase antibodies
Women with symptoms or clinical signs suggestive of thyroid hypofunction
Women with type 1 diabetes mellitus, or other autoimmune disorders
Women with infertility
Women with a prior history of miscarriage and preterm delivery
Women with prior therapeutic head or neck irradiation or prior thyroid surgery
Women currently receiving levothyroxine replacement
Women living in a region presumed with iodine deficiency
Table 4. Recommended patient profiles for targeted thyroid disease case finding in women seeking pregnancy, or
newly pregnant [77]

9. Management
Hypothyroidism is treated with synthetic thyroid hormone called Levothyroxine (LT4), a
medication which is identical to the T4 made by the thyroid. Synthetic thyroxine is safe and
necessary for the well-being of the fetus if the mother has hypothyroidism. It is strongly
recommended not to use other preparations such as T3 or desiccated thyroid [78]. There are a
variety of approaches to the management of thyroxine replacement in known hypothyroid
women at the time of pregnancy that are all effective for maintaining a normal range during
pregnancy. Women with preexisting hypothyroidism will need to increase their prepregnancy
dose of thyroxine to maintain a normal thyroid function.
Thyroid function should be checked every 6 to 8 weeks during pregnancy.
9.1. Overt hypothyroidism and pregnancy
9.1.1. Pre-pregnancy
Physicians should consider diagnosis of hypothyroidism in patients with infertility or
menstrual disorders, medical therapy should be optimized and pregnancy delayed until good
control is achieved [98].
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9.1.2. Pregnancy
In a newly diagnosed hypothyroid patient, a full replacement thyroxine dose should be
instituted immediately, assuming there are no abnormalities in cardiac function.
Thyroxine requirement increases in pregnant patients as early as fifth week of pregnancy
[98].Hypothyroid women who are already on thyroxine prior to pregnancy need to increase
their daily dosage, on an average, by 30-50% above preconception dosage as soon as pregnancy
is diagnosed [77]. The adjustment is based on results of thyroid function tests. Thyroxine
replacement should be given at a dose that insures a serum FT4 level at the upper end of normal
range for each trimester of pregnancy and a serum TSH level < 2.5 mIU/L in the first trimester
or 3 mIU/l in the second and third trimesters. In women who have had a thyroidectomy for
thyroid cancer, it is necessary to suppress TSH secretion [77].
Treatment should be initiated at a dose of 100–150 microgm/day or titrated according to
body weight (2.0–2.4 micrograms/kg body weight/day). In diagnosed cases, as thyroxine
requirements increase, dosage adjustments are required. Suggested mechanisms for this
increased requirement include an elevated extrathyroidal pool of T4; the need to saturate
large quantities of TBG; increased degradation of T4; reduced absorption of T4, especial‐
ly if taken with iron supplements; and increased transfer of T4 from mother to fetus. Be‐
cause a similar increased requirement is seen in hypothyroid post menopausal women
who are given estrogen replacement, this increased demand in pregnancy may be caused
by increased estrogen production [99].
Dose of thyroxine also depends on the etiology of hypothyroidism. In disorders with very little
residual tissue, like radioiodine ablation or extensive thyroid surgery, increment in thyroxine
dosage is greater than women with Hashimoto's thyroiditis, who usually have some residual
thyroid tissue. Women should be followed up every 4–6 weeks with serum TSH value, till
delivery, to facilitate periodic adjustment of LT4 supplementation. [77]
Thyroxine absorption is decreased by certain drugs including iron and calcium supplement.
Thyroxine is best taken on an empty stomach and four hours apart from iron supplements or
soy products. [32].
When adequate control is achieved, no specific measures are needed for labour and delivery.
However, when large goiter causes respiratory compromise, anesthetic or surgical advice may
be required [100].
c-After delivery, hypothyroid women need to decrease the LT4 dosage they received dur‐
ing pregnancy to prepregnancy dose and have their serum TSH level re-evaluated after 6
weeks [77].
9.1.3. Post-partum follow-up: At post-partum, two patterns of thyroid dysfunction can be discerned
• Postpartum thyroiditis characterized by transient hyperthyroidism or transient hyperthyr‐
oidism followed by transient or rarely permanent hypothyroidism,
• Postpartum exacerbation of chronic Hashimoto's thyroiditis leading to transient or perma‐
nent hypothyroidism.
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The hyperthyroid phase of postpartum thyroiditis is treated with a beta-adrenergic antagonist
drugs. Transient hypothyroidism is treated with LT4, which may be continued till six months
and then tapered to determine if the hypothyroidism is permanent. Thyroid function tests
should be monitored for at least 6 months after delivery [78].
9.2. Subclinical hypothyroidism and pregnancy
Since maternal morbidity as well as prenatal morbidity and consequences on the neuropsy‐
chological development of the child have been reported in subclinical hypothyroidism, most
guidelines recommend thyroxine replacement in women with subclinical hypothyroidism.
Association studies have yielded conflicting results regarding outcomes such as miscarriage,
hypertension, placental abruption, and preterm delivery, and to date, one single center has
demonstrated a significant reduction in obstetrical and neonatal complications when subclin‐
ically hypothyroid women are treated from the first trimester [3,7].
The endocrine guidelines 2012 confirm the suggestion of treating subclinical autoimmune
hypothyroidism with LT4 because the potential benefits from treatment outweigh the risk of
potential adverse events [77]. The panel also recommends treating antibody-negative women
who have subclinical hypothyroidism. Despite the absence of relevant single center, this
recommendation seems reasonable given that independent of thyroid autoimmunity, an
increased TSH level is associated with a miscarriage risk, and an elevated TSH at the beginning
of pregnancy may predispose the mother to further impairment of thyroid function in the
following months [77].
9.3. Isolated hypothyroxinemia
Its management is controversial and requires further study. “Partial replacement therapy”
with LT4 may be initiated at the discretion of the physician, with continued monitoring [77].
This recommendation directly leads to another point examined in the guidelines: awareness
about the possible inaccuracy of serum FT4 measurement in pregnancy.
The absence of a universally accepted trimester-specific reference range (and the common
absence of each single laboratory-specific reference range) is an issue that makes defining
cutoff values difficult and complicates clear identification of isolated hypothyroxinemia as a
clinical entity. [77]
9.4. Iodine intake during pregnancy
Iodine is an essential nutrient required for thyroid hormone production and is primarily
derived from the diet and from vitamin/mineral preparations. The Institute of Medicine
recommended dietary allowances to be used as goals for individual total daily iodine intake
(dietary and supplement) are 150 microg/d for women planning a pregnancy, 220 microg/d
for pregnant women, and 290 microg/d for women who are breastfeeding [101]. WHO
recommends 250 microg/d for pregnant women and for lactating women [102]. Iodine intake
during pregnancy should not exceed twice the daily recommended nutrient intake for iodine,
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i.e. 500 microg iodine per day [77]. To reach the daily recommended nutrient intake for iodine,
multiple means must be considered, tailored to the iodine intake level in a given population.
Different situations must therefore be distinguished:
1.

Countries with iodine sufficiency and/or with a well-established universal salt iodization
(USI) program;

2.

Countries without a USI program or with an established USI program where the coverage
is known to be only partial

3.

Remote areas with no accessible USI program and difficult socioeconomic conditions.

The Endocrine Society recommend once-daily prenatal vitamins containing 150–200 microg
iodine, in the form of potassium iodide or iodate, the content of which is verified to ensure
that all pregnant women taking prenatal vitamins are protected from iodine deficiency. Ideally,
supplementation should be started before conception.

10. Conclusion
Thyroid hormone production increases in pregnancy and requires increased iodine intake.
Serum TSH concentrations should be interpreted in the context of pregnancy physiology.
Thyroid function and thyroid antibody screening during pregnancy is controversial. Further
research is needed to determine whether mild maternal hypothyroidism or positive thyroid
antibodies are associated with obstetric complications.
Maternal hypothyroidism is a disorder with great potential to adversely affect maternal and
fetal outcomes. If the condition is detected early, it is easy to treat, with very little detriment
to the mother and the fetus. Hence, this condition needs early detection, prompt initiation of
treatment, adequate follow-up and most importantly, sufficient education of the doctors and
the patients regarding these objectives, the importance of this condition and the ease and
advantages of prompt management.
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Hypothyroidism in Childhood

Chapter 3

Congenital Hypothyroidism
Ferenc Péter, Ágota Muzsnai and Rózsa Gráf
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/54660

1. Introduction
Congenital hypothyroidism is the most frequent congenital endocrine disorder and prevent‐
able cause of mental retardation. The remarkable irreversible mental damage can be avoided
by the replacement therapy introduced before the age of 3 weeks. Therefore a screening
program implemented in the early seventies to pick up the affected babies on the first weeks
of life [1,2]. After pilot studies started in 1977 a national neonatal TSH screening program was
introduced in Hungary in 1982 [3]. It has continued in two centers from 1984 covering the
whole country (50-50 % of the expected newborns were assigned to one lab). Patients screened
and confirmed as CH were followed-up at the endocrine outpatient clinics. Replacement was
adjusted according to the laboratory results and somatic-mental development of the child. The
authors (two pediatric endocrinologists and one psychologist) have worked together in this
project throughout 26 years in one of these centers. They present their experiences with the
screening program and the endocrine/psychological follow-up gained during this period
discussing the results with literature data.
The widely known incidence data on congenital hypothyroidism before the introduction of
neonatal screening originate from the North European countries: 1 to 6000-10000 [4-6].
Nowadays when the usage of the national language is increasingly accepted in authentic
translation at the international forums the Hungarian contribution may be interesting. The
Thyroid Work Group of Hungarian Pediatric Institute collected five years incidence data
(1966-70) from the pediatricians all over the country and “… 40/year new hypothyroid children
were reported”. The birthrate was 160.000/year that time, so the incidence was calculated
1:4000, published in Hungarian in 1972 [7]. This numerical value almost corresponds to the
data experienced by the neonatal screening.
According to the recent data the incidence of congenital hypothyroidism varies from 1:1000 to
1:3500 life births depending on the iodine sufficiency, demographic and other unknown factors
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as well as on laboratory methods and screening practice. Several work groups noted a progres‐
sively rise since the early 1990s both in America and Europe [8-16], however the question was
raised with reason: “Was this increasing incidence real … or was … an artifact, explained by
modifications of screening programs such as a change in test cutoffs?” (LaFranchi 2011; [13].
According to a convincing Canadian study the incidence of thyroid dysgenesis, which form is
more than 80 % within the CH, has remained relatively stable over the last decades [9,15].
Demographic factors were “suspected” to be responsible for this phenomenon [8] but it was not
confirmed as a complete explanation [9]. The changes in test cutoffs [13,14] or simply the used
different laboratory and screening methods in certain centres [17] might be also the first
candidates behind the increasing incidence rate in some screening programs. These data
“highlight the need for consensus development regarding the diagnosis and treatment of
congenital hypothyroidism” according to Rapaport’s commentary [18] to one of these reports
[12]. And indeed, recently (November 2011) recommendations were prepared at the ESPE
consensus meeting (complete version is in press) for orientation relating to the screening,
investigation, treatment, long terms outcomes and genetic/antenatal diagnosis in CH [19].
In Hungary the screening program is based on primary TSH determination and the overall
incidence of CH is 1:3316, namely 413 cases were diagnosed out of 1,369.503 newborns screened
between 1982 and 2007 in our Screening Center. The annual incidence is relatively constant
(Figure 1.). Opposite to primary T4/FT4 measurement with backup TSH determination it was
not necessary to change the cutoff levels of TSH for increasing the sensitivity and other
conflicting factors could be avoided, namely the low FT4 levels of preterm babies and obtaining
the blood specimens remarkably earlier.
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Figure 1. Annual incidence of congenital hypothyroidism

Year

Overall

2007

2006

2003

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

1988

1987

1986

0

1985

1000

1982-84

66

Congenital Hypothyroidism
http://dx.doi.org/10.5772/54660

Most of the cases detected in newborn age have permanent hypothyroidism caused by
abnormal thyroid gland development (dysgenesis) or that of inborn error of thyroid hormo‐
nogenesis (dyshormonogenesis). Thyroxine-binding globulin (TBG) deficiency occurs in 1 to
9000 life births, while congenital central hypothyroidism (TSH and/or TRH deficiency) occurs
in less than 1:20000-100000. Transient hypothyroidism may occur because of delay in matu‐
ration of the hypothalamic-pituitary-thyroid axis, both iodine deficiency and excess, dysfunc‐
tion of the mother-placenta-fetal unit or the effect of medication used on the intensive care
unit. Both monoallelic and biallelic mutations in DUOX2 gene result transient CH reported
recently [20,21]. Permanent CH patients need a life-long treatment while transient cases can
quit of replacement after recovery of thyroid function.
As the postnatal development of the nervous system is thyroid hormone dependent up to 2-3
years none of the patient were put on higher risk by suspend the therapy to early therefore the
revision of the neonatal diagnosis was postponed above the age of 2-3 years. Classifying the
disorder as permanent or transient was obtained on abnormal or normal hormone levels after
withdrawal of levothyroxine replacement. Before 2 years of age the following course of the
disease was suspicious for transient dysfunction of the thyroid. Shortly after the introduction
of replacement therapy TSH normalized and never increased above the upper limit parallel
with decreasing demand of levothyroxine to keep T4/FT4 in the reference range. In 21 patients
out of 291 substituted infants we could simply withdraw the replacement and the TSH
remained normal.
Above the age of 3 years a T3 withdrawal test was performed in 197 children to reconsider the
diagnosis of CH. We applied the same method for all patients: L-T4 was shifted to L-T3 for 3
weeks, which has a shorter half-life. After one week L-T3 was also stopped, patients were offtreatment altogether for one week. At the end of the 4th week presenting a normal thyroid
function test is considered to be a transient hypothyroid case. Five out of 197 patients tested
have proven transient CH. The total number of children reached 3 years of age and who were
old enough for T3 withdrawal test were 310, which give the overall transient CH rate as 8.4 %
(21+5/310).

2. Methodology
From the very beginning up to the end of 2007 we used a primary TSH screen and a secondary
serum thyroid hormone measurement to confirm the abnormal TSH results. A drop of whole
blood was obtained and dried on filter paper between the ages of 3-5 days. Samples were sent
to the assigned screening laboratory via mail. Measurement of TSH was performed after an
elution process using a home-developed RIA until 1993 [21,22]. Cessation of the cheap anti‐
body supply forced us to buy commercial kits changing for DELFIA, LIA, IRMA and ELISA
methods. All tests offered narrower measuring ranges and cutoff values became more precise.
The algorithm for selection of specimen for further evaluation was very simple. Samples below
the cutoff level (25 μU/ml later on 20 μU/ml) were considered as normal, between the range
25(later on 20)-50 as suspected positive and above 50μU/ml as true positive. Technical errors
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were ruled out by repeated measurement from the blood spot and only samples above the cutoff
limit were recognized and infants were called to visit us immediately. Physical examination and
blood sample were taken for peripheral thyroid hormones and TSH measurement from the
serum. The diagnosis of CH was confirmed by low T4/FT4, T3/FT3 levels and elevated TSH.
2.1. Etiology
Almost 95% of cases born with CH have primary hypothyroidism reflecting peripheral defects
and less than 5% has secondary/tertiary hypothyroidism results from lack of TSH and/or TRH
production. Both the presentation and the sequel of the congenital central hypothyroidism are
less severe although most commonly it is part of a disorder causing congenital hypopituitar‐
ism. Several imaging methods are suitable to describe the position and size of the thyroid.
Localization or absence of the gland helps to differentiate dysgenesis and dyshormonogenesis
in CH patients.
I123 scan is optimal to test the newborn babies for possible developmental defect of the thyroid
gland before replacing them but it was not available for us. During replacement therapy the
background of thyroid dysfunction was tested using different imaging techniques. Ultraso‐
nography is a non-invasive method but requires a baby-head for apparent description of a tiny
or absent gland. Thyroid scintigraphy is a more precise but invasive method requiring an
unreplaced situation. Scintigraphy was performed in 182 cases combined with T3-withdrawal
test. Thyroid dysgenesis occurred in 84% (agenetic: 47%, ectopic lingual: 28%, hypoplastic:
9%), an enlarged thyroid was seen in 6% and a normal-sized eutopic gland – so-called “thyroid
in situ” [12,13] – in 10%.
Further distinction of etiology is offered by molecular genetics. Several genes involved in
thyroid ontogenesis and in normal function of it. An abnormal expression of the thyroid
specific genes can be manifested in different phenotype, which is summarized in Table 1.

Gene

Chromosome Role of gene in organogenesis/
region

protein function

Phenotype (by
morphology or

Associated disorders

function)

DYSGENESIS
TITF1/NKX2.1
PAX8

TITF2/FOXE1

14q13
2q12-q14

9q22

Choreoathetosis, RDS,

Development of both follicular

pulmonary disease

and C-cells
Thyroid follicular cell development

Migration of thyroid precursor

Aplasia or
Hemiagenesis or

Renal agenesis

Hypoplasia (with or

Cleft palate, choanal

without ectopy)

atresia, bifid epiglottis,
spiky hair (Bamforth-

cells

Lazarus sy.)
GNAS1

20q13.2

Signalling protein

Resistance to

Osteodystrophy

thyrotropin

(hereditary Albright sy.)

Congenital Hypothyroidism
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Gene

TSHR

Chromosome Role of gene in organogenesis/
region

protein function

Thyroid differentiation

14q31

Thyrotropin receptor

Phenotype (by
morphology or

Associated disorders

function)
Hypoplasia (without
ectopy) Resistance to

-

thyrotropin

INBORN ERROR OF THYROID HORMONOGENESIS
TITF1, PAX8, TITF2/
FOXE1

See above

During later stages: Regulation of

-

thyroid specific gene expression
Thyroid differentiation Iodide

TPO

2p25

TG

8q24.2-q24.3

NIS

19p13.2-p12

-

organification
Thyroid differentiation Structural

-

prohormone
Iodide transport from the blood
into thyroid cell (basal
membrane)

Enlarged thyroid gland

Iodide transport from thyroid cell
PDS

7q31

Sensorineural deafness

to follicular lumen (apical

(Pendred sy.)

membrane)
DUOX1/THOX1
DUOX2/THOX2

15q15.3

DUOXA2

15q21.1

IYD/DEHAL1

6q24-q25

-

Thyroidal H2O2 generation

-

Deiodination for iodide recycling

-

THYROID HORMONE TRANSPORTER DEFECT

MCT8

Xq13.2

THRB

3p24.3

SBP2

9q22.2

Severe neurological

Transmembrane T4, T3, rT3, T2
transport
Nuclear thyroid hormone

Thyroid hormone
resistance

receptor
Synthesis of selenoproteins

abnormalities (AllanHerndon-Dudley sy.)
Hyperactivity, learning
disability

Abnormal TFT

Delayed puberty (?)

IMPAIRED HYPOTHALAMIC-PITUITARY-THYROID AXIS
LHX3

9q34.3

LHX4

1q25

PROP1

5q

CPHD, pituitary mass,

Early pituitary development

Expression of all pituitary cell
lineage

rigid cervical spine
Secondary/tertiary

CPHD, sella turcica

hypothyroidism

defect
CPHD, pituitary mass
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Chromosome Role of gene in organogenesis/

Gene

region

POU1F1

3p11

HESX1, PHF6

3p21.2-p21.1

TRHR
TSHB

protein function

Phenotype (by
morphology or

Associated disorders

function)

Generation and cell-type

GH, PRL deficiency

specification
Forebrain, midline and pituitary

Septo-optic dysplasia,

development

CPHD, epilepsy

8q23

TRH receptor

-

1p13

TSH β subunit

-

OTHER
DUOX2/THOX2
DUOX/DUOXA

15q15.3

Partial defect in H2O2 production

Transient CH

-

CH= Congenital hypothyroidism, CPHD = Combined pituitary hormone deficiency, GH = Growth hormone, PRL =
Prolactine, RDS = Respiratory distress sy, TFT = Thyroid function test
Table 1. Thyroid specific genes involved in congenital hypothyroidism [23-39]

A cohort of 58 patients was analyzed for PAX8 (exon2 and exon3) mutation. Genetic screening
did not reveal any mutation on the PAX8 gene in children with thyroid dysgenesis. It supports
the recent notion that non-syndromic thyroid dysgenesis is rather a heterogeneous disease
than a monogenetic one. Up to now the exact etiology of CH remained unknown for the great
majority of the cases. More candidate genes have been verified in syndromic CH patients as
distinct gene loci can be connected to distinct clinical feature. Analyzing our cohort congenital
malformations were found in 45 cases (Table 2.) and concomitant disorders in 46 cases out of
210 CH patients (Table 3) [40]. Phenotypes specific gene on selected CH patients with associ‐
ated disorders should be analyzed to gain more information on fetal thyroid development.
Recently Park and Chatterjee proposed an algorithm for investigating the genetic basis of
congenital hypothyroidism [41].
Malformations, syndromes
Congenital heart disease

Male

Female

6

3

Renal malformation
Urogenital malformation

5
11

Musculoskeletal malformation

2
3

Scoliosis

2

1

CNS malformation

1

1

Dysmorphic auricle/face

2

2

Pulmonary fibrosis

1

Cytogenetic location

Congenital Hypothyroidism
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Malformations, syndromes
DiGeorge sy.

Male

Female

Cytogenetic location

1

22q11

Kabuki make-up sy.

1

8p22-23.1

Marfan sy.

1

15q21.1

Mayer-Rokitansky-Küster-Hauser sy.

2

1p35

CNS = central nervous system
Table 2. Congenital malformations found in CH patients (45/210)

Impaired function

Male

Female

Delayed speech development

3

4

Stammer

2

Behavioral problem

3

4

Delayed motor development

1

1

Disturbed motor coordination

2

2

Nocturnal enuresis
Strabismus

7
3

Congenital nystagmus

1

GORD

1

Epilepsy

1

Malignancy

2

2

Serious infection

2

T1DM

1

Angioedema

1

1

GORD = gastro-oesophageal reflux disease, T1DM = type 1 diabetes mellitus
Table 3. Concomitant disorders found in CH patients (46/210)

2.2. Clinical signs
The classical picture of CH with characteristic clinical features develops by the age of three
months with irreversible neurological damage. Non-specific signs and symptoms can be
noticed during the first weeks of life, which help to set the diagnosis of CH in screened but not
confirmed newborns. During the first 10 years of screening program all newborns identified
by an abnormal TSH were admitted to the hospital and were assessed by history and complete
physical examination. More than 10 unspecific symptoms and history data recorded of 87
suspected babies were analysed to identify any factors that could predict congenital hypo‐
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thyroidism. Based on confirmatory laboratory results 67 babies out of 87 proved to have CH
(true positive or CH group) and 20 was false positive (reference group). Between the two
groups 8 parameters (opened posterior fontanel, umbilical hernia, dry skin, enlarged tongue,
constipation, laziness, wide nasal bridge, and prolonged jaundice) were found to have
significant differences by linear discriminant analysis that were ranked and weighted for
scoring. An additional score was calculated from the blood-spot TSH namely the quotient of
measured TSH and the cutoff limit for normal thyrotropin. Figures above 6 were correct for
predicting CH in 99% of cases. This score system developed (Table 4.) advises the clinicians to
pick up and replace the affected babies earlier than 3 weeks of age [22,42].
Clinical sign

Score

Clinical sign

Score

Opened posterior fontanel

2

Constipation

1

Umbilical hernia

2

Laziness

1

Dry skin

2

Wide nasal bridge

1

Enlarged tongue

1

Prolonged jaundice

1

Blood spot TSH: Quotient of measured and cutoff limit for normal
Cutoff value for predicting CH

1
"/> 6

Table 4. Score system for predicting congenital hypothyroidism using primary TSH measurement

2.3. Endocrine and psychological care
2.3.1. Thyroid hormone replacement
The timing of T4-level’s normalization is crucial to the neuropsychological development
therefore the first aim of the neonatal screening programs is to reach the earliest start of the
hormone replacement. At the beginning the intervals between the birth and start of T4
replacement were reduced in length as follows: in 1985: 25 ± 5 days, in 1987: 20 ± 9 and in 1990
18 ± 9 days. This length of time improved to ≤ 14 days on average after the introduction of oneday TSH assays and successful education of the personnel involved.
Concerning the dosage and the formulation of thyroid hormone replacement let us call to mind
some of our former results, namely in the 1980s both lower and higher thyroxin doses were
applied [43–49]. In our early study [22,50] the higher L-T4 dose was found to be more effective
than the lower one (Table 5). It was confirmed recently also by the Glasgow-group recom‐
mending the 50 μg initial dose on the basis of their results in 314 children with CH [51]. In our
program 10-15 μg/kg as an initial dose is used since the middle eighties [22,42].
At the beginning of our TSH-screening pilot studies (in the early seventies) the synthetic LT4 preparations were not available in Hungary, therefore the thyroid hormone replacement
was started with oral administration of thyroid extract (thyreoidea sicca: Thyranon, Organon).
Later on we changed to the L-T4 monotherapy and according to our first impressions the
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Number of children

22
25 μg

Dose of L-T4
Starting
values

Values at first
visit

13
6,6 μg/kg

50 μg

13,4 μg/kg

T4 (μg/dl)

3,3 ± 2,9

3,6 ± 3,5

T3 (ng/ml)

1,14 ± 0,77

1,34 ± 0,59

TSH (mIU/L)

75,1 ± 16,3

74,9 ± 10,4

T4 (μg/dl)

13,2 ± 3,9

18,9 ± 3,6

T3 (ng/ml)

2,2 ± 0,65

2,09 ± 0,33

TSH (mIU/L)

29,1 ± 31,4

1,0 ± 0,9

28 ± 35

19 ± 7

Interval (days)

Normal values: T4: 9,0-15,0 (newborn: -20,0) μg/dl; T3: 1,5-3,5 (newborn: -4,0) ng/ml;
TSH: 0,5-5,0 (newborn: -20,0) mIU/L
Table 5. Correlation between starting L-T4 dose and changes of thyroid parameters during hormone replacement

Thyranon proved to be more effective at least regarding the decrease of TSH level [22,50]. It
was confirmed in our systematic study but the increase of T3 level was also detectable (Table 6.)
T4 (μg/dl)

Thyranon (T3+T4) n =
21
L-Thyroxin (T4) n= 22

T3 (ng/ml)

TSH (mIU/L)

at start

at control

at start

at control

at start

at control

3,0 ± 2,6

11,3 ± 4,2

1,15 ± 0,51

3,07 ± 1,70

73,84 ± 10,49

13,16 ± 26,35

3,3 ± 2,9

13,0 ± 3,9

1,3 ± 0,77

2,2 ± 0,65

75,19 ± 16,30

29,10 ± 31,41

before

after

before

after

before

after

13,75 ± 22,21

14,13 ± 16,79

change of replacement

Thyranon⇒L-T4 n = 19
10,4 ± 3,2

11,9 ± 2,4

2,63 ± 0,96

2,03 ± 0,66

Normal values: T4: 9,0-15,0 (newborn: -20,0) μg/dl; T3: 1,5-3,5 (newborn: -4,0) ng/ml;
TSH: 0,5-5,0 (newborn: -20,0) mIU/L
Table 6. Changes of thyroid parameters on T4 or T4 + T3 replacement

At that time our conclusion was: “these results confirm the suggestion that T3 may play a more
important role than T4 in regulating the serum TSH concentration” [50].
One of the main goals of thyroid hormone replacement in congenital hypothyroidism is to
restitute the biochemical euthyroidism (the TSH and thyroid hormone levels into the reference
ranges) to avoid the prolonged hyperthyroxinemia and the permanent overproduction (or
suppression) of thyrotropin. The most important period to monitor the adequate thyroid
hormone replacement is the first three years of life to ensure optimal somatic and psycho‐
neurological development. Our practice harmonize the recent recommendation: follow-up
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every 1-2 months in the first 6 months, every 2-3 months between 6 months and 3 yrs of age
and every 6-12 months later in childhood [52,53].
There are warning data on the importance of well-organized care of children with CH.
According to a new American publication based on health insurance claims data of 704
children with presumed CH 38 % (!) discontinued replacement of thyroid hormone within the
first 3 yrs of life [54]. In another smaller cohort (140 children) 48,6 % were lost to follow-up (!);
of the 72 patients who were re-evaluated at age 3 yrs, treatment had been stopped without
medical supervision in 15 [55]. The puberty and adolescence are the most critical periods
regarding the compliance in our experience.
In our practice another unexpected alteration has been occurred during the long and contin‐
uous follow-up. In a few cases with stable FT4/TSH relation for many years under gradually
increased L-T4 dose according to the somatic development and TSH-FT4 values, later we
measured elevated TSH despite high FT4 levels almost regularly. On the basis of our good
experience with Thyranon (L-T4 + L-T3) replacement therapy in the 1970s, we tried to normalize
both serum TSH and FT4 level administered combined L-T4 and L-T3 treatment in these
patients. Applying an L-T4/L-T3 dose ratio between 13:1 and 18:1 by weight, this modification
of therapy mostly proved to be successful (one exemplar on Table 7). The dose of L-T4 was
reducible in some other patients. Unfortunately once-daily slow-release formulation of L-T3
[56] was not available for us.
Age (year)

TSH (mIU/L)

FT4 (pmol/L)

FT3 (pmol/L)

L-T4 μg/day

L-T3 μg/day

12

13,24

19,43

5,1

125

-

14,5

11,25

18,7

5,4

150

-

15

6,59

22,26

5,5

150

-

15,5

9,35

20.18

5,8

150

-

16,5

2,25

11,24

5,8

100

20

16,75

3,30

12,80

9,0

125

10

17

6,05

16,14

5,8

150

10

17,25

2,20

19,96

6,9

150

10

Table 7. Some data from the last six years of an adolescent boy

Recently the use of L-T4 + L-T3 in the treatment of hypothyroidism is one of the ”hot topics” in
thyroidology (see excellent papers [57,58] and “2012 ETA guidelines” [59]), however our
observation is different from those. These children and adolescents do not have hypothyroid
symptoms comparing to the adults (5-10 %) and do have elevated TSH (and FT4) level. The
congenital form of hypothyroidism – as an entity – is not included in the ETA guidelines at all
[59]); it is restricted on adults with autoimmune hypothyroidism or caused by definitive
therapy (radioiodine, surgery). Now we are analysing the data of our patients in this small
cohort.
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2.3.2. Evaluation of the somatic development
The aim of thyroid hormone replacement is to ensure optimal somatic and neuropsychological
development. The evaluation of somatic and psychological parameters is also necessary to
control the quality of compliance, what may be disturbed, – as was mentioned before –
especially in the adolescent period. The hormone parameters are relative “quick variable”. The
state of thyroid hormone supply at the less and less frequent outpatient visits is well reflected
in the somatic development, as “slow variable”.
Somatic development was analyzed using the height and bone age data of 83 prepubertal
children. Height was measured regularly by Harpenden stadiometer and evaluated by
Hungarian reference data [60]. Bone age was also determined repeatedly up to the disappear‐
ance of bone age retardation using the Greulich-Pyle atlas [61]. Bone mineral density (BMD) was
measured by single photon absorptiometer (SPA; Gamma Works, Hungary) in 46 children
(6-17 yrs). Later peripheral quantitative computer tomography (pQCT; XCT2000, Stratec
Electronics, Germany) was introduced to determine radial volumetric total BMD and trabec‐
ular Z-score values of 91 children (6-18 yrs). The results were evaluated comparing with
Hungarian reference data [62,63].
2.3.3. Growth velocity and bone age
The comparison of age and age for height does not show any difference (age: 6,27 ± 2,65 yrs;
age for height: 6,26 ± 2,76 yrs). Bone age was lower than the chronological age (5,73 ± 2,77 yrs;
p = 0). The regression’s line diverges from the theoretical optimum line in the younger age, but
the distribution of the values are almost the same on both sides of the “ideal” line in the older
than 10 year of age, or more convincing some values indicate bone age retardation under 10
years (Figure 2).
13
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Bone age (yr)

9
8
7
6
5
4
3
2
1
0
0

1

2
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4
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6

7

8

Chronological age (yr)
Figure 2. Bone maturation of L-T4 replaced CH patients (n=83)
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The publications report usually good results on somatic growth and pubertal development of
children with CH detected by neonatal screening and supplemented well with L-T4 [64-69].
Our results clearly show that the disappearance of bone age retardation is individual. The bone
age of children with CH catch up their chronological age in different time at latest about ten
years of age.
2.3.4. Bone mineral density
In our first (SPA) study – 0,24 ± 1,24 mean Z-score values were found; below – 2,0 in 3 cases
only. After correction to age for height, one value remained under –2,0 Z-score [62]. However,
SPA may measure false results in growing children (areal BMD; its measure is g/cm2) due to
the change of bone size. To avoid this possibility pQCT (volumetric BMD; its measure is g/
cm3) measurements were carried out later. The mean total BMD Z-score of 28 boys was – 0,19
± 1,18 and the trabecular BMD Z score: + 0,05 ± 0,9, both in the normal range. Similar values
were measured in the group of 63 girls: total Z-score + 0,04 ± 1,15, trabecular Z-scores + 0,1 ±
0,98, but some differences were found in the total density between the younger and older girls
(≤ 11 yr – 0,36 ± 0,9 and > 11 yr + 0,3 ± 1,22). Pathological (< - 2,0) BMD Z-score did not occur at
all among the 28 boys, and only two trabecular density values were in this range among the
63 girls. The total BMD Z-score was found between – 1,0 and – 1,9 in 5 cases in both groups, the
trabecular Z-score value was in this range very rarely (1 and 2 cases respectively).
One of the most important preventive factors of the adult osteoporosis is the attainment of an
optimal peak bone mass. Therefore the importance of the good accretion of bone mineral
content during the childhood and adolescence is generally recognized. Thyroid hormones are
one of the known influencing factors of the BMD. Hyperthyroxinemia can cause bone resorp‐
tion resulting in a decreased bone mass. BMD was found decreased in adolescent females
treated with high doses of L-T4 [70].
In the first pediatric studies did not measure decreased bone mineral content in children with
congenital hypothyroidism by DXA technique [71,72]. Recently slightly decreased BMD values
were published within the normal range [73,74], in one publication by quantitative ultrasound
technique [73]. In spite of the different methodology what we used (pQCT: direct volumetric
method, not mathematically corrected areal one) our conclusion is similar regarding the
development of BMD in children and adolescents with congenital hypothyroidism diagnosed
at neonatal screening and replaced by L-T4. Our results are also very slightly lower compared
to controls, but the Z-score values are practically always within the reference range.
2.3.5. Final height
In a cohort of 98 children (65 girls) the final height (FH) or nearly FH (growth ≤ 1 cm in the last
year) was determined. Results are presented on the table (Table 8.)
The mean value of FH in boys corresponds to the Hungarian reference data and the 3,1 cm
difference in the average of girls does not mean significant deviation. In a detailed presentation
interesting data were published on “prepubertal and pubertal growth, timing and duration of
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Boys (33)

Girls (65)

Age (yrs)

17,83 ± 2,56

17,47 ± 2,17

Final height (cm)

177,41 ± 5,77

164,11 ± 6,28

Table 8. Final (and nearly final) height of 98 patients with CH

puberty and attained adult height” of 30 patients, included 17 FH values [66]. The authors
emphasize the significant positive correlation between the average L-T4 daily dose adminis‐
tered during the first 6 months of treatment and attained height. We cannot confirm this
observation because of our different protocol (uniform L-T4 dosage was used during the last two
decades).
In a Japan publication a greater peak height velocity and pubertal height gain was presented
in their male patients [67]; we also observed some difference between the FH of boys and girls
to the advantage of the boys.
2.3.6. Menarche
Correct data were gained from 50 girls. Their menarche age is 12,38 ± 1,06 yrs, what is the same
as the reference value in Hungary, however the distribution of data is surprising. The mani‐
festation of the first menses happened rather earlier (in 23 girls ≤12 yrs) or later (in 19 girls ≥
13 yrs) than close to the mean (8 only) indicating the relationship between the thyroid hormone
and sexual hormone axes. Italian authors differentiated two groups of girls according to their
menarche age (11,5 ± 0,8 yrs versus 12,6 ± 1,2 yrs) like us but both groups attained normal FH
similarly to our results [68].

3. Evaluation of psychoneurodevelopment
The somatic development is almost perfect in the children with CH detected by neonatal
screening and had optimal thyroid hormone replacement. The same does not apply to their
psychoneurodevelopment.
After the first ten years of our neonatal TSH screening program (117 CH/508.590 newborn) the
IQ was tested in a cohort of 46 children (39 permanent and 7 transient CH; age 3-8 yrs). Al‐
though a normal distribution of IQ values was detected, a strong correlation was observed in 28
children between the IQ and serum thyroglobulin (Tg) level (Tg < 0,3 ng/ml in 3 out of 21 with
IQ > 90 and 4 out of 7 with IQ < 90; p < 0,01 using Yates correction). This early data confirmed the
thesis [75,76] that although there is some placental transfer of thyroid hormones during
pregnancy, it cannot totally prevent the intrauterine neurological damage in athyroidism [77].
Ten years later we presented more detailed results on the neurodevelopment of CH children
[78,79]. The main message is summarized on the next table (Table 9.) The correlation between
the date of diagnosis, serum T4 level before start of replacement, initial L-T4 dose and the IQ
of 58 children (born 1985-95; tested 1993-2000 at age 4,9 ± 2,0 yrs; repeatedly tested 49 of them
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at age 8,5 ± 2,5 yrs) were analyzed. According to these data the onset of replacement before 2
weeks of life in the newborns with serum T4 level < 3 μg/dl ensure the best IQ; similar data
are published [46,47,49].
Serum T4 < 3 μg/dl
Start of L-T4 replacement (day)
7-13
Dose of L-T4 μg/kg/day

< 10

"/> 10

< 10

"/> 10

3

3

15

8

106,3 ± 8,0

108,7 ± 26,5

101,4 ± 12,2*

101,4 ± 11,4

Number of patients
IQ values

14-26

Serum T4 "/> 3 μg/dl
Start of L-T4 replacement (day)
7-13
Dose of L-T4 μg/kg/day

< 10

"/> 10

< 10

"/> 10

6

5

14

4

103,6 ±8,4

103,8 ± 12,8

Number of patients
IQ values

14-26

115,0 ± 6,7

113,6 ± 13,6

* p = 0,05
Table 9. Relationship between some important parameters and the IQ in replaced children with CH

With these experiences we realized the need of regular psychological care. One of us (R.G.)
performs this work continuously connecting the endocrine outpatient clinic. Every patient is
tested at least once a year.
The recently prepared DQ and IQ results are presented on the next table (Table 10).
Age (year)

Number of patients

DQ/IQ values

Test-methods (norm.: 90-110)

<3

175

99,65 ± 13,0

Brunet-Lésine

3-8

146

104,44 ± 12,7

Binet

8-10

136

106,3 ± 10,59

Binet

14-16

30

93,25 ± 7,22

WISC-IV*

*Wechsler Intelligence Scale for Children 4th ed. (total quotients). The Processing Speed Q: 95,07 ± 12,74; Verbal Q: 92,81
± 11,69; Performance Q: 92,55 ± 14,63 and Working memory Q: 89,92 ± 14,95.
Table 10. Developmental and intelligence quotients

The DQ and IQ test-results of the first three age groups are in the normal range. Some
neurocognitive abilities might be affected in these children (visuospatial-, visuomotor-,
language and speech-, attention and memory).
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If the DQ value tested by Brunet-Lésine method suggests a delay in development, we can intervene
early enough to help the children. A developmental intervention program is prepared for the
children and parents. In these cases the psychoneurological development are regularly control‐
led. The meetings the family are as often as it is possible or necessary in these cases.
The Binet test is rather verbal test of intelligence (not appropriate to recognize the delay of
speech-development, but good for measuring problem-solving, vocabulary employment of
experience). Early intervention is necessary in the case of delay in expressive speech and
difficulties with coordinative movements (danger of difficulties at school!). Learning disability
can be diagnosed in the third class earliest. At the age of 8-10 yrs the Binet test can give
acceptable information on the intellectual development. If there are more than one problem of
different cognitive abilities, that can mean an increased risk from the point of learning
disability. These children have problems with mathematics (not with mechanical reading but
with the reading comprehension). The number of children with disability was 9 in this small
material: reading disability (3), learning disability in mathematics (3) and ADHD (3).
The WISC-IV test was accredited lately, therefore its use started recently. The results of the
first 30 tests (the total IQ and especially the quotients for partial abilities: processing speed-,
verbal-, performance- and working memory quotients) tend to be weaker corresponding to
the international experiences.
The beneficial effect of early start of replacement and the use of higher initial dose is almost
generally accepted. Recently 51 articles were analysed publishing IQ values of children with
CH. Normal values were detected in one third of the reports but in the other papers the IQ
was found significantly lower comparing to controls [80].
The main conclusions: some of the prenatal effects of hypothyroidism may be irreversible
especially in the athyroid babies and may be detected subtle, selective deficits of different
abilities in the children with CH in comparison to appropriate reference groups [81,82]. Despite
these observations the newborns and children with CH may have better psychoneurological
development and long-term outcomes without comparison than before the introduction of the
screening system.
Recently a very remarkable material was published by Leger and co-workers [83] on long-term
health and socio-economic attainment of French young adult (median age: 23,4 yr) patients
with permanent CH detected by neonatal screening between 1978 and 1988 on the basis of selfreported data by questionnaires. Round 1200 answers were evaluated and compared to data
of controls. Chronic diseases, hearing impairment, visual problems, overweight were found
significantly oftener, moreover socio-economic attainment, health-related quality of life, and
full-time employment were lower or less among the CH patients. As limitation of the study is
given that “outcome data are based on management procedures used early in the history of
the CH screening program” (start of therapy, starting dose etc), however 20,6 % of their patients
had abnormal serum TSH values (with median of 12,0 mIU/L) determined within 2 yr of the
questionnaire study. Therefore one of the author’s conclusions is that the patient’s care should
modify “to improve compliance with treatment and medical care during the transition from
pediatric to adult services” [83].
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4. Conclusion
In the era before the neonatal thyroid screening 1:4000 incidence of hypothyroidism was
calculated in Hungary on the basis of five years (1966-70) survey by questionnaires from
pediatricians. The results of TSH screening (413 permanent CH/1,369.503 newborn = 1:3316)
confirmed it during the last quarter of a century (1982-2007). The technique and the incidence
did not change significantly in this long period.
Transient form of CH was diagnosed in 8,4 % (26/310). Thyroid scintigraphy in 182 cases
showed the following results: dysgenesis occurred in 84 % (agenesis 47 %; ectopic lingual 28
%; hypoplasia 9 %), normal-sized eutopic gland (“thyroid in situ”) was found in 10 % and
enlarged thyroid (dyshormonogenesis) was seen in 6 %.
Thyroid specific genes involved in CH are summarized in a table. In a cohort of 58 patients
PAX8 (exon 2 and exon 3) was analysed without deviation. Congenital malformations were
detected in 45 cases, and concomitant disorders in 46/210 CH patients.
Score system for predicting CH is proposed using signs (opened posterior fontanel, umbilical
hernia, dry skin, enlarged tongue, constipation, laziness, wide nasal bridge and prolonged
jaundice) and TSH value.
According to self-experience 10-15 μg/kg/day initial dose was administered in the last two
decades. Recently L-T4 and L-T3 combination was applied in some cases resulting in mostly
parallel decrease of elevated TSH and FT4 level.
The children with CH grow generally in a normal tempo but the disappearance of bone age
retardation is individual and may be protracted until 10 years of age. Bone mineral density
was measured first by single photon absorptiometry, later by peripheral quantitative computer
tomography, what may consider as a more precise method for pediatric use. Children with
CH detected by neonatal screening have very slightly decreased total BMD values comparing
to controls especially in prepubertal girls, but practically always within the reference range.
The final height of boys was found absolutely comparative with the reference values and the
decreasing deviation of the girls did not prove to be significant. The mean menarche age
corresponds to the Hungarian reference values in average, but not regarding its distribution.
This average derives from the values of two different subgroups characterised with an earlier
(< 12 yrs) and with a relative delayed (> 13 yrs) sexual development indicating the relationship
between the thyroid and sexual hormone axes.
In the 1980s we observed significant correlation between thyroglobulin levels and IQ values
detected lower IQ in athyroidism (Tg < 0,3 ng/ml). We presented ten years ago our experience
that the onset of L-T4 replacement during the first two weeks of life, the initial dose > 10 μg/kg/
day and the first T4 level > 3 μg/dl ensure the best IQ in prepubertal (8,5 ± 2,5 yrs) children.
In our recent study, using the Wechsler Intelligence Scale for children, it was found, that the
partial abilities – especially the performance and working memory – of the adolescents (14-16
yrs) are commonly decreased and the total Wechsler IQ is also tended to the low normal range
(93,25 ± 7,22).
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Despite these results the long-term outcomes of the children with CH may consider far better
than it was before the neonatal screening.
Finally, a few recent articles are recommended for more up-to-date information
[15,53,64,84-88].

Abbreviations
CH - congenital hypothyroidism
TSH - thyroid stimulating hormone
TRH - TSH releasing hormone
TBG- thyroxine binding globulin
DUOX - dual oxidase
T4 - thyroxine
T3 - triiodothyronine
FT4 - free thyroxine
FT3 - free triiodothyronine
L-T4 - levothyroxine
L-T3 - levotriiodothyronine
RIA - RadioImmunoAssay
LIA - Lumino ImmunoAssay
IRMA - ImmunoRadioMetric Assay
DELFIA - Dissociation-Enhanced Lanthanide Fluorescent ImmunoAssay
ELISA - Enzyme-Linked ImmunoSorbent Assay
CPHD - combined pituitary hormone deficiency
GH - growth hormone
PRL - prolactin
RDS - respiratory distress syndrome
TFT - thyroid function test
PAX8 - paired box 8 (gene)
CNS - central nervous system
GORD - gastro-oesophageal reflux disease
T1DM - type 1 diabetes mellitus
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1. Introduction
Triiodothyronine (T3) is a primary determinant of normal postnatal somatic growth and
skeletal development, and an important regulator of bone and mineral metabolism in hu‐
man [1, 2]. Before puberty, thyroid hormone appears to be a major prerequisite for normal
maturation of bone [3]. Untreated childhood hypothyroidism results in a profound growth
retardation and a delayed skeletal maturation. In severe cases, linear growth is almost com‐
pletely halted. When treatment occurs, growth often resumes at a rate faster and beyond the
normal rate for age [3, 4]. This phase of accelerated growth constitutes the "catch-up growth"
phenomenon. This may be complete or incomplete depending upon many factors including
the age at presentation, the severity of hypothyroidism and its duration, the age at diagno‐
sis, and the genetic target height.
Thyroid hormones are among the important direct biological regulators of growth plate and
bone accretion. In addition, thyroid hormones influence and interact with the growth hor‐
mone (GH) – Insulin-like growth factor-I (IGF-I) system and other hormones that control
stature and bone growth. Hypothyroid patients show low plasma levels of IGF-I and re‐
duced IGF bioactivity, whereas hyperthyroid patients present high plasma IGF-I levels and
also low IGF bioactivity. [5] Similar changes have been observed in rats [6]. Besides, a de‐
crease in hepatic IGF-I messenger RNA (mRNA) expression in experimental hypothyroid
animals has been reported [7]. In experimental animals the effects of thyroid hormone on
the IGFs system can be GH mediated [11] or non-GH mediated [12-14]. The interrelation‐
ships between the thyroid function and pituitary GH/serum IGFs axis are complex and not
fully understood. GH treatment does not restore serum IGF-I levels in hypothyroid rats [6].
Decreased serum IGF-I levels in hypophysectomized rats increase after treatment with T4
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doses in vivo, in a way significantly greater than after GH administration [15], an effect
which is not observed in vitro, suggesting the presence of factors, other than GH, involved
in the regulation of this axis in vivo.
In human, T4 replacement increases the serum levels of IGF-I and ALS in patients with pri‐
mary as well as central hypothyroidism [16]. Hypothyroidism in childhood is almost invari‐
ably associated with growth failure. After the onset of T4 replacement therapy, growth and
skeletal abnormalities usually resolve and a period of catch-up growth ensues. In the past, it
has been suggested that catch-up growth in children treated for congenital or juvenile hypo‐
thyroidism is complete, and that such children usually reach their expected adult height
[17-21], but this is not supported by recent reports showing a failure of catch-up growth in
children in whom treatment has been initiated after a long period of untreated hypothyroid‐
ism [22-24].
Several mechanisms can contribute to the pathophysiology of growth failure associated with
hypothyroidism. These include: abnormalities of GH secretion, IGF-I synthesis and direct
action of low thyroxine on growth plate and skeletal growth. [16-19, 24, 25]

2. Postnatal Phases of Growth (Infantile-Childhood-Pubertal (ICP)
pattern)
Stature growth is characterized by a pattern of changing height velocity from infancy to
adulthood. A high velocity from birth with a rapid deceleration up to about 3 yr of age is
seen, followed by a period with a lower and slowly decelerating velocity up to puberty.
Puberty starts with an increased velocity and after the age of peak velocity a deceleration is
observed until growth ceases. This pattern of growth is known as the infantile-childhoodpuberty (ICP) pattern. [26-28]

3. Catch-up growth and patterns of catch-up growth
Catch-up growth is the compensatory total increase in the stature growth, either by increas‐
ing the growth velocity and/or by increasing the duration of total growth (delaying growth
plate closure), after correction of the limiting factor that inhibited growth. Catch-up growth
may be complete or incomplete. Catch-up growth is considered to be complete for an indi‐
vidual child if his final height is within the target range. In groups of patients, complete
catch-up growth is expected to result in a mean final height close to the mean target height.
Resumption of a normal height velocity once the growth-suppressing problem has been re‐
solved with a return to and then maintenance of normal height growth velocity (GV) does
not lead to any catch-up growth as the loss in height standard deviation score (HtSDS) is
permanent (not compensated) [26-28].
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3.1. Patterns of catch-up growth
Three different types of catch-up growth can be distinguished: Type A is common in infancy
and early childhood. When growth restriction ceases, height velocity increases up to 4 times
the mean velocity for chronological age in order to compensate rapidly and fully for the
height deficit. Once the original curve is re-approached, height velocity returns to normal. A
classic example of catch-up growth type A occurs after institution of a gluten-free diet in
childhood celiac disease. In catch-up growth type B a small or no increase of height velocity
occurs after the growth restriction has ceased as compared with the mean velocity for chro‐
nological age. However, growth continues for longer than usual, so that ultimately the
growth arrest is compensated. Type C is a mixture of types A and B. When growth restric‐
tion ceases, there is an increase in height velocity as well as a delay and prolongation of
growth. [26-32]
A catch-up process that brings a child to the 50th percentile or above, for a given population
(HtSDS = or > 0) is considered complete. A catch-up that brings a child to > -2 but below 0 is
considered incomplete. Complete catch-up growth may be also accepted when the child at‐
tains a final height within the genetic potential range (Mid-parental height) (+/- 1 SD) [26].
It has been suggested that acceleration of growth velocity rather than delayed maturation
occurs during infancy and early childhood; but during late childhood and adolescence de‐
layed maturation rather than acceleration of growth velocity occurs. This can be explained
by the progressive fall of growth plate chondrocyte proliferation, and hence the reduced po‐
tential for catch-up with age [26-32].
Canalization means that the individual growth curve parallels the percentile curves of
growth charts. In the pre-pubertal period, canalization is clearly seen and therefore a catchup growth spurt is easily recognizable. However, during pubertal years, catch-up growth
may not be clearly separated from pubertal growth spurt [26].

4. Regulation of postnatal longitudinal bone growth
Longitudinal bone growth is achieved by the complex, multistep process known as endo‐
chondral ossification, whereby the cartilaginous template of the axial and appendicular skel‐
eton is replaced by bone. This process is initiated when chondrocytes at the epiphyseal
growth plate are stimulated to proliferate and then proceed through stages of maturation
and hypertrophy. In the region of cellular hypertrophy, the surrounding matrix and vascu‐
lar tissue undergo calcification. The hypertrophic chondrocytes degenerate and give way to
invading osteoblasts, and bone and bone marrow subsequently replace the calcified carti‐
lage at the metaphysis. Endochondral ossification is an important determinant of both the
rate and extent of longitudinal bone growth. This growth plate activity is in turn subject to
regulation by a number of factors, which might be of genetic, endocrine, paracrine, and au‐
tocrine origin. It is the complex interactive effects of these substances on chondrocytes in
vivo that determine the final growth response. Endocrine regulators include various hor‐
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mones such as thyroid hormones, GH, parathyroid hormone/parathyroid hormone related
peptide (PTH/PTHrP), as well as several growth factors and cytokines, such as IGF-I and ba‐
sic fibroblast like growth factor. [32-36]

5. Effect of thyroxine on growth plate and bones
Long bones are formed by endochondral ossification and the skull by intramembranous os‐
sification. During endochondral ossification, mesenchyme-derived chondrocytes form a car‐
tilage model, undergo hypertrophic differentiation and then apoptose. The surrounding
collagen X-rich cartilage matrix calcifies and forms a scaffold for bone formation by osteo‐
blasts. Organized columns of proliferating and differentiating chondrocytes persist in the
growth plate until adolescence and mediate linear growth and the acquisition of peak bone
mass. The epiphyses and metaphyses of long bones originate from separate ossification cen‐
ters that are separated by a growth plate. By contrast, in intramembranous ossification, os‐
teoblasts differentiate from mesenchyme to form bone directly. Adult bone structure and
mechanical strength are preserved by a continuous process of skeletal remodelling during
which precise coupling of osteoclastic bone resorption and subsequent osteoblastic bone for‐
mation is maintained. [37]
Hypothyroidism slows longitudinal bone growth and endochondral ossification, while hy‐
perthyroidism accelerates both processes. In hypothyroid animals, there is a decrease in the
heights of the proliferative and hypertrophic zones, and a decrease in chondrocyte prolifera‐
tion and chondrocyte hypertrophy and disruption of the normal columnar organization of
the growth plate and vascular/bone cell invasion. T3 seems to stimulate the recruitment of
cells to the proliferating zone from the germinal zone and facilitate the differentiation of
growth plate chondrocytes. [38,39] In thyroid receptor (TRa) knockout mice [40] there is a
complete growth arrest, with disorganization of epiphyseal growth plate chondrocytes and
delayed cartilage mineralization and bone formation. These abnormalities result from severe
hypothyroidism due to impaired thyroid hormone production at weaning, as the skeletal
phenotype can be rescued by T4 replacement. [40] In the hypothyroid rat, proliferating
chondrocytes fail to form discrete columns and the hypertrophic zone is diminished in
width and morphologically indistinct. Expression of collagen X, a specific marker of hyper‐
trophic chondrocyte differentiation is undetectable in the hypothyroid growth plate, indicat‐
ing that hypertrophic chondrocyte differentiation is severely impaired.
The growth plate is separated from the primary spongiosum by a mineralised interface, es‐
sentially sealing off the growth plate from vascular invasion and preventing further bone
lengthening, leading to growth retardation. During hypothyroidism, there is disruption of
the normal functional continuity between maturing chondrocytes and mineralizing osteo‐
blasts with markedly reduced osteoblast invasion and fewer, thinner bone trabecula. T4 in‐
duces the expression of both type II and X collagen, the activity of the differentiation marker
alkaline phosphatase, and chondrocyte hypertrophy. [38-40]
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In addition, the growth plates of hypothyroid rats also have abnormal cartilage matrix depo‐
sition. Normal cartilage matrix is composed of proteoglycans containing chondroitin and
heparan sulfates and hyaluronic acid residues. In hypothyroid rats, studies have revealed an
abnormal increase in sulfation of heparan sulfate proteoglycans in proliferating chondro‐
cytes. This abnormal matrix is deposited in a patchy irregular fashion suggesting that thy‐
roid hormones influence extra-cellular matrix biology as well as cellular activity of the
growth plate. Treatment of these rats with thyroid hormones reverses these changes and
studies have shown that this is through the direct actions of T3 on bone, and it is not growth
hormone (GH) mediated [38]. T4 but not GH is capable of completely reverting reduced
widths of the proliferating and hypertrophic zone, as well as a disturbed growth plate archi‐
tecture and vascular invasion of the growth plate in hypothyroid rats, establishing a unique
role for thyroid hormones in the regulation of bone growth and maturation [39- 44].
In vitro, thyroid hormones also stimulate terminal differentiation of epiphyseal growth plate
chondrocytes. [45] Tibial dyschondroplasia (TD), a disorder of broiler chickens, associated
with avascular non-mineralised cartilage extending from the epiphyseal growth plate, re‐
sults from the inability of proliferating chondrocytes to undergo terminal differentiation to
hypertrophic chondrocytes. This disorder has been shown to be associated with a markedly
reduced expression of iodothyronine deiodinase type 2 (DIO2) in the growth plate [14].
DIO2 acts by catalysing the conversion of T4 to T3. Epiphyseal dysgenesis ( Figure 3) in hy‐
pothyroidism can be similarly explained by a reduction in T3 which is necessary to stimu‐
late resting zone cells to proliferate and differentiate into chondrocytes, and for vascular
invasion of the growth plate [46, 47].
Indian hedgehog (Ihh) is a member of the hedgehog family of secreted ligands and is a mas‐
ter regulator of bone development. Ihh is synthesized by prehypertrophic and hypertrophic
chondrocytes [48, 49]. Ihh stimulates production of parathyroid hormone-related peptide
(PTHrP) from cells at the periarticular ends of bones. PTHrP acts on the PTH/PTHrP recep‐
tor (PPR) to keep proliferating chondrocytes in the proliferative pool. When the source of
PTHrP is sufficiently distant, the chondrocytes are no longer stimulated by PTHrP and they
stop proliferating and start to synthesize Ihh. In addition, Ihh stimulates chondrocyte prolif‐
eration directly and also controls the differentiation of osteoblasts from perichondrial cells
during the formation of the bone collar. Thus, interactions between Ihh and PTHrP deter‐
mine the lengths of proliferating columns of chondrocytes in the growth plate and hence the
pace of bone growth. In hypothyroid animals Ihh is mainly located within the upper regions
of the proliferative zone and the reserve zone [50]. PTHrP mRNA expression is also altered
in the hypothyroid growth plate. Levels of expression are increased and include expression
by chondrocytes extending throughout the proliferative and reserve zones. PTH/PTHrP re‐
ceptor (PPR) is also altered by thyroid status. It is expressed throughout all zones of the
growth plate in euthyroid and hypothyroid animals, and restricted to proliferative and pre‐
hypertrophic chondrocytes in hypothyroid-T4 treated rats. Thyroid hormone has been
shown to stimulate terminal differentiation of growth plate chondrocytes by down regula‐
tion of Sox9, a transcription factor present in cells of mesenchymal condensations and prolif‐
erating chondrocytes but not in hypertrophic chondrocytes [51]. This terminal
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differentiation process is associated with expression of cyclin-dependant kinase inhibitors
known to regulate the cell cycle checkpoint [52].
These data strongly support a role for thyroid hormones in regulating components of the
Ihh/PTHrP feedback loop in the growth plate and thus the pace of chondrocyte differentia‐
tion and bone growth.
Fibroblast Growth Factor Receptor-1 (FGFR1) is a T3-target gene in bone. Three FGFRs are
known to be essential for skeletal development. Mutations of all three FGFRs can cause vari‐
able bony abnormalities, while an activating mutation of FGFR3 is the cause of achondropla‐
sia, the most common genetic form of dwarfism [53, 54]. FGFR1 has been identified as a T3target gene in osteoblasts [55]. T3 acting via the thyroid hormone receptor (TR) enhances
FGF stimulation of FGFR1 activity. Hypothyroid mice display delayed endochondral ossifi‐
cation and have abnormalities of cartilage matrix similar to those described above, namely
an increase in heparan sulfate proteoglycans [54]. It is known that heparan sulfate is re‐
quired for binding of FGF to FGFR and for ligand-induced receptor activity [56, 57]. There‐
fore, T3-regulated production of heparan sulfate, or modification of its structure, might be
the mechanism by which T3 regulates FGFR1 signalling. In addition to the thyroid hormone
receptors, receptors for growth hormone (GH), insulin like growth factor-1 (IGF-1), are also
expressed by growth plate chondrocytes [58-60]. T3 influences expression of several compo‐
nents of GH/IGF-1 signalling in bone [61, 62].

Figure 3. Effect of thyroxine treatment on infants and children with congenital hypothyroidism (CH) (infantile and
childhood phases) growth diagnosed through neonatal screening compared to their mid-parental height (MPHtSDS).

In summary, thyroid hormones act through chondrocytes bearing TRs to modulate growth
plate proliferation, differentiation, and vascular invasion. These functions are mediated via
many possible mechanisms including direct action on the chondrocytes, osteoblasts and
mast cells, as well through interaction with other hormones and growth factors acting in en‐
docrine, paracrine and autocrine fashions. Understanding the mechanisms behind the inter‐
actions between the T3 signaling pathway and the systemic and paracrine effects of GH/
IGF-1 is important in considering the molecular biology of thyroid hormone-dependent
skeletal development.
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6. Effect of hypothyroidism on bone remodelling and skeleton
Remodelling is crucial for bone health, which is characterized by simultaneous formation
and resorption. Thyroid hormones affect bone cells both in vitro and in vivo by stimulating
osteoblast and osteoclast cells with more bone resorption and increased skeletal remodel‐
ling. Thyroid hormone status within the physiological range affects bone mass and density.
In healthy men at age of peak bone mass, between-subject variation in thyroid hormone con‐
centrations affects bone density. Higher levels of FT3, TT3, TT4 and TBG are associated with
less favourable bone density and content [63-65].
In experimental adult dogs, thyroxine administration in moderate pharmacologic doses in‐
creased the activation frequency, number of bone-forming and -resorbing sites, and the os‐
teoid seam circumference in unaltered bone. Thyroxine, by activating skeletal remodelling,
increases bone turnover and both formation and resorption at the tissue level. The increased
serum calcium and phosphorus levels and urinary hydroxyproline excretion at several inter‐
vals during thyroxine administration are consistent with the morphometric evidence of in‐
creased bone turnover and resorption. These findings suggest that thyroxine is a potent
activator of skeletal remodelling. [66]
In sheep, thyroidectomy at 105-110 days of gestation results in very low levels of foetal plas‐
ma T4 and T3 (no pre-partum rise in fetal plasma T3) and the foetuses have shorter bones
and altered metatarsal structure and strength when analysed at or close to term (145 ± 2
days). At and just before term the thyroidectomised sheep data indicated that the structural
changes in bone are a result of impaired bone formation whilst resorption was normal.
These changes resemble the phenotype reported in adult D2 knockout mice but the precise
cellular basis is not known [67]. The reduced bone formation may be a consequence of local
effect of T3 on the bones or due to altering signalling pathways such as the GH/IGFI axis
which is known to be anabolic to the skeleton.
In human, overt hyperthyroidism is associated with increased bone resorption, low bone
mineral density and increased number of fractures in postmenopausal women [68-70]. Both
hyperthyroidism and to some extent hypothyroidism are linked to reduction of bone miner‐
al density and, hence, increased risk for fracture. Low thyroid hormone levels, rather than
the increased TSH levels, are responsible for the decreased bone resorption during hypo‐
thyroidism in thyroid carcinoma patients. The levels of C-cross linking terminal telopeptide
of type 1 collagen were lower during hypothyroidism compared to 8 weeks after reinstitu‐
tion of thyroxine replacement therapy [71,72].
Clinically, the radiological skeletal manifestations of congenital and severe juvenile hypo‐
thyroidism include:
a.

in the long bones: delay in the appearance of ossification centres (delayed bone age), de‐
formed and irregular shape (epiphyseal dysgenesis) of the already existing centres and
metaphyseal widening (splaying);

b.

in the skull: the presence of the intrasutural (wormian) bones, widening of the sutures
and fontanelles, delayed closure of fontanelle and delayed teeth eruption,
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c.

in the vertebrae : abnormal flattening, bulleting and inferior lipping and

d.

broadening of ribs [73,74].

These radiological changes appeared similar in many aspects to those reported in mucopo‐
lysaccharidosis (MPS) and can be explained by the previously mentioned abnormalities in
the growth plate chondrocytes, bone cells and matrix [72,75] (Figure 3).

7. Effect of thyroxine on Growth hormone-Insulin-like growth factor-I
system
In addition to its local action on the growth plate, thyroid hormones may have indirect ef‐
fects on the growth plate, mediated by GH and IGF-I. In hypothyroid humans and mice, GH
and IGF-I levels are reduced and IGF-I generation is defective. In addition to the local action
of thyroxine on growth plate, treatment with thyroxine increases IGF-I secretion and im‐
proves IGF-I generation associated with increased growth rate. Moreover, thyroid hormones
have been shown to interact with the GH-IGF-I pathway at the level of the growth plate. T3
was shown to promote proliferation of embryonic chicken chondrocytes and cultured rat ep‐
iphyseal chondrocytes by enhancing IGF-I mRNA expression. T3/T4 can regulate growth
hormone receptor (GHR) expression, in vivo in rat growth plates [75-77].
The effects of T3 and IGF-I on (3H) thymidine incorporation, alkaline phosphatase (ALP) ac‐
tivity and IGF-I receptor mRNA levels are studied in rat epiphyseal chondrocytes cultured
in monolayer. ALP activity (a late marker of differentiated epiphyseal chondrocytes) is in‐
creased by T3 in a dose-dependent manner with a maximal response at 10 micrograms. IGFI receptor mRNA levels were increased by 10 micrograms of T3 while no effect of hGH (50
micrograms/l) or IGF-I (25 micrograms/l) was demonstrated. Both T3 and IGF-I are shown
to interact with epiphyseal chondrocytes and both substances seem to affect cell prolifera‐
tion and maturation and therefore longitudinal bone growth. These results indicate that
IGF-I is important for proliferation of the cells while T3 initiates the terminal differentiation
of epiphyseal chondrocytes [78].
In children with hypothyroidism Soliman et al. [73] have reported a significant decrease of
GH response to Clonidine stimulation as well as a decreased IGF-I generation in response to
GH stimulation. IGF-I generation shows a small but significant increase in the IGF-I produc‐
tion in response to the exogenous GH. The mean peak is lower than 100 ng/ml, which is the
cut off to define GHD stated in the normative data. [73]. This limited, yet significant IGF-I
generation after GH administration suggests that the GHD associated with the hypothyroid
state was not the sole explanation to the low IGF-I level and supports the possibility of associated
GH insensitivity (GHI) state and/or a direct role of thyroxine on hepatic IGF-I production not
mediated via GH. In hypothyroid patients, after treatment with thyroxine, marked improve‐
ment in the IGF-I generation occurs but this is still lower compared to normal children. Cavaliere
H et al. [79] have found significantly decreased basal IGF-I concentrations in primary hypo‐
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thyroid and endemic cretins with a significant increase after treatment and have described a
positive correlation (r = 0.56) between IGF-I and serum T4 and T3 concentrations.
In the mature hypothyroid rats, serum IGF-I levels are partially corrected by GH but are
normalised by thyroid hormone replacement [80].
Gaspard T et al. [81] reported that the administration of T4 alone to hypophysectomized or
thryoidectomized animals was capable of stimulating the IGF-I activity in the absence of
GH. Romos S et al., [82] reported good positive correlation between IGF-I and thyroid hor‐
mone concentrations in both neonatal and adult thyroidectomized rats and that the correla‐
tion between them was dependent on the dose of T4. Also, Ikeda T et al. [83] stated that the
T3, but not T4, directly enhances the release and synthesis of IGF-I in a dose dependent
manner in the rat liver. T3 also controls the IGF-I biosynthesis in nerve cells in rats [84]. Col‐
lectively, the effects of thyroid hormone on serum IGF levels seem to be mediated only par‐
tially via GH but other effects involving either direct thyroid hormone effects, or mediated
by some other route, independent of GH, appear to be working.
In children with hypothyroidism, in spite of significant improvement of IGF-I levels after
treatment versus before treatment, IGF-I generation is still significantly below age-matched
normal children. This defective IGF-I production after treatment suggest that prolonged hy‐
pothyroidism may modulate the IGF-I secreting ability of the hepatocytes either through
negative effect on their mass (number or size) and/or on the expression of the GHR on their
surfaces. In sheep, induction of the hepatic GH receptor and the maturational switch in hep‐
atic IGF-I synthesis are initiated by the pre-partum rise in foetal plasma cortisol [85,86]. Cor‐
tisol also stimulates deiodination of thyroxin (T4) to triiodothyronine (T3) and thereby leads
to a pre-partum rise in plasma T3 that coincides with the increase in hepatic GH receptor
and IGF-I gene expression toward term [86].

Figure 1. Photograph of patient demonstrating her coarse facial features before treatment [11 years] and improve‐
ment after treatment.

Forhead AJ et al., [87] have reported that thyroid hormones regulate hepatic growth hor‐
mone receptor (GHR) and IGF-I gene expression in the sheep fetus during late gestation.
Thyroid hormone deficiency induced by foetal thyroidectomy abolished the normal pre-par‐
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tum rise in hepatic GHR mRNA abundance. However, the precise mechanisms by which T3
acts on the GHR gene are unclear [88]. Nuclear thyroid hormone receptors are present in foetal
ovine liver during late gestation and have a 10-fold greater affinity for T3 than T4 in utero [89].
The effect of thyroid hormone on the regenerative capacity of hepatocytes may be impor‐
tant. Moro L et al. [89] and Alisi A et al., [90] have proved the role of thyroid hormones on
the regenerative capacity of the liver which was reduced during the hypothyroid state and
regained to normal after thyroid hormone administration through altering the expression of
the proteins involved in the control of cell cycle and apoptosis, decreasing tissue rate of pro‐
tein synthesis, and retarding growth of the liver and the whole animal [91, 92]. These studies
propose an important role of thyroid hormones on the hepatocyte regenerative power and
the GHR expression on hepatocytes and suggest that thyroxine deficiency may compromise
these functions and dependent loss of IGF-I production capacity.
In adults with GH deficiency, GH administration stimulates peripheral T4 to T3 conversion
in a dose-dependent manner. Serum T3 levels are subnormal despite T4 substitution when
the patients are off GH but normalised with GH therapy. Energy expenditure increases with
GH and correlates with free T3 levels. GH causes a significant blunting of serum TSH. These
findings suggest that GH plays a distinct role in the physiological regulation of thyroid
function in general, and of peripheral T4 metabolism in particular [93].
Untreated primary hypothyroidism is associated with decreased GH pulsatility, attenuation
of GH response to secretagogues and a reduction in IGF-I and IGF Binding Protein-3 (IGFBP-3).
Reduced levels of IGF-I that increase with L-thyroxine replacement therapy have also been
demonstrated in the setting of subclinical hypothyroidism [94,95]. Conversely, hyperthyroid‐
ism is associated with an increase in mean 24 hour GH concentration and secretion rates [96,
97] while serum IGF-I and IGFBP-3 levels have been found to be normal in subclinical hyper‐
thyroidism [84] with a normal or high [94, 98, 99] IGF-I in overt thyrotoxicosis. Administra‐
tion of T4 to hypophysectomised animals has been shown to stimulate IGF-1 production in
the absence of GH, while IGF-BP3 was shown to be GH dependent [100].
In summary, thyroid hormones modulate growth plate growth and part of this effect ap‐
pears to be mediated by activating GH-IGF-I axis and modulating local GH and/or IGF-I actions.

8. Thyroxine and catch-up growth
Evidence from animal studies suggests that catch-up growth is due, in large part, to a delay
in growth plate senescence. Growth plate senescence refers to the normal, programmed
changes that occur in the growth plate over time i.e. growth plate chondrocytes may have a
finite proliferative capacity that is gradually exhausted, causing growth to slow and eventu‐
ally to stop. With increasing age, there is a decrease in the linear growth rate, the chondro‐
cyte proliferation rate, the height of the growth plate, and the number of cells in each
growth plate zone. Growth plate senescence is not a function of time per se, but of cell pro‐
liferation. Hypothyroidism suppresses growth plate chondrocyte proliferation, but it con‐
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serves the proliferative capacity of the chondrocytes and therefore it slows their senescence.
Consequently, after transient growth inhibition, growth plates retain a greater proliferative
capacity, are less senescent, and, hence, show a greater growth rate than expected for age,
resulting in catch-up growth [101,102].
Marino R et al. [102] have administered propylthiouracil to newborn rats for 8 wk to in‐
duce hypothyroidism and then stopped the propylthiouracil to allow catch-up growth. In
untreated controls, the growth plates undergo progressive, senescent changes in multiple
functional and structural characteristics. In treated animals, after stopping propylthioura‐
cil, these functional, structural, and molecular senescent changes are delayed, compared
with controls. This delayed senescence includes a delayed decline in longitudinal growth
rate, resulting in catch-up growth. These findings demonstrate that growth inhibition due
to hypothyroidism slows the developmental program of growth plate senescence, includ‐
ing the normal decline in the rate of longitudinal bone growth, thus accounting for catchup growth.
A proportion of patients with T3 resistance, caused by mutant T3 receptor proteins, suffer
from growth retardation and developmental abnormalities of bone [103,104] that reflect tis‐
sue hypothyroidism. T4 replacement induces rapid catch-up growth, although this may be
incomplete because bone age advances faster than the increase in height [105].
The deficit in final height after treatment appears to correlate with the severity and duration
of hypothyroidism. Catch-up growth may be especially compromised if treatment is re‐
quired at or around the onset of puberty. Boersma B et al, [106] reported that if catch-up
growth coincides with the pubertal growth spurt, final height might be compromised, possi‐
bly due to very rapid bone maturation. Soliman et al. [73] found that treatment of elder chil‐
dren with neglected hypothyroidism accelerates their bone maturation in the first year of
treatment (bone age delay changed from 4.7 +/- 1 years to 3.1 +/- 0.9 years after a year of
therapy). In accordance with this, childhood thyrotoxicosis causes accelerated growth and
advanced bone age, which may lead to craniosynostosis, premature growth plate closure,
and a short stature [107].

9. Growth in Congenital and Juvenile Hypothyroidism Before Versus
After Thyroxine Treatment
Poor length growth is apparent as early as the first year of life. Before the neonatal screening
was initiated in the 1970s, the percentage of children with congenital hypothyroidism (CH)
having a height below the 10th percentile has been shown to range from 19% to 31%. Adult
stature without treatment ranges from 1 to 1.6 metres, depending on severity, sex and other
genetic factors. Bone maturation and puberty are severely delayed. Ovulation is impeded
and infertility is common. Growth arrest, delayed bone age, and epiphyseal dysgenesis oc‐
cur in congenital hypothyroidism, juvenile hypothyroidism and in some patients with resist‐
ance to thyroid hormone, whereas accelerated growth and skeletal maturation are evident in
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childhood thyrotoxicosis [108-109]. Catch-up growth during thyroid hormone replacement
treatment is marked but, unfortunately, may not be complete.
In animals, the dose-response relationship between thyroid hormone and linear growth, has
been studied in prepubertal methimazole-induced hypothyroid monkeys. Subsequently,
each animal has received 1, 2, 4, or 8 micrograms/kg per day of T4, IM, for 9 weeks. Methi‐
mazole administration decreases thyroid hormone and IGF-I levels and decreases leg
growth rate. With increasing doses of exogenous T4, serum T4, T3, and IGF-I as well as low‐
er leg growth rate increase significantly. Animals not given T4 has a 65% decrease in lower
leg growth rate. Animals given 4 and 8 micrograms/kg per day T4 have 56% and 73% in‐
creases, respectively, in lower leg growth rate compared to baseline. Lower leg growth rate
correlate better with serum T3, T4 and IGF-I. Serum IGF-I correlate with serum T3. This
study proves that increased serum T4 and T3 levels cause progressive increases in growth
velocity and IGF-I levels over a range from moderate hypothyroidism to moderate hyper‐
thyroidism. Growth velocity and IGF-I levels correlate more strongly with the serum T3
than with the serum T4 level. [110]
In humans, many case studies and clinical research papers have investigated linear growth
and pubertal maturation in neglected hypothyroidism. Their results can be summarised as
following:
Case Report: An 11 year- old Egyptian girl has presented with severe short stature and men‐
tal retardation. Examination has revealed all features of cretinism with Height SDS (HtSDS)
= -7.6 SD, hypotonia, umbilical hernia, myxedematous face, and severe mental retardation
with IQ = 30. Low T4 and high TSH (Figure 1, Table 1) with bone age of 4 years are noted
with marked epiphyseal dysgenesis, metaphyseal and vertebral changes. L-thyroxine thera‐
py for ten years has been associated with significant and prolonged catch-up growth till the
age of 20 years with near-normal adult stature compared to mid-parental height HtSDS =
-0.9. Puberty started at the age of 15 y and progressed over 4 years to full maturity. All radi‐
ological skeletal abnormalities were corrected after 5 years of thyroxine therapy. Significant
increase in IGF-1 level and IGF-I response to GH stimulation was achieved early. In summa‐
ry, complete catch up of growth with normalization of all radiological changes could occur
even in neglected congenital hypothyroidism.
Age

Bone age [y]

HtSDS

GVSDS

[y]

T4

TSH

IGF-I

ug/dl

mIU/ml

ng/dl
ND

Birth

ND

0

ND

ND

ND

11

3

-7.6

3.4

0.5

"/100

25

12

6

-7.2

2

14.7

0.5

75
98

14

10

-6.5

6

14.00

0.6

16

12

-4.6

7

13.8

0.5

18

14

-2.9

7

12.5

0.5

20

16

-1.6

ND

13.9

0.8

Table 1. Growth and hormonal data of a patient with neglected hypothyroidism before and after treatment for 9
years.
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Kubicky et al. have described a patient who discontinued treatment few months for 3 years
after neonatal diagnosis, and although treated till puberty she had significant growth retar‐
dation as an adult. Boersma et al. have described two children with untreated congenital hy‐
pothyroidism, and although they have experienced a marked catch-up growth, both of them
have reached an adult height below their target height [106, 110].
Soliman et al. [73] have studied 15 children with neglected hypothyroidism aged = 6.4 +/- 4.2
years. Patients had HtSDS = -4.3 +/- 2.5 and delayed bone age (– 4.5 +/- 2), with defective GH
response to clonidine and low IGF-I concentration. After two years of treatment with L-thy‐
roxine, their HtSDS has increased from -4.3 +/- 2.5 to -2.7 +/- 2.3. This has been associated
with a significant improvement of their GH response to clonidine, increased IGF-I genera‐
tion in response to GH stimulation. HtSDS increments correlated significantly with free T4
concentrations, and the growth velocity standard deviation score (GVSDS) s correlated sig‐
nificantly with increments in IGF-I concentrations with treatment. Therefore, in neglected
hypothyroidism permanent height loss could not be prevented. The capacity to establish a
significant, although incomplete, catch-up growth spurt is associated with significant recov‐
ery of GH -IGF-I axis and is proved to be possible, even after a long period of thyroid dys‐
function. Incomplete catch-up growth after delayed treatment of infants and children with
congenital hypothyroidism has been reported in other studies [73,111].
In a retrospective study of 59 children with late diagnosis of hypothyroidism presented at
different ages in the Endocrinology clinic of Alexandria University before the establishment
of neonatal screening national program, Soliman et al. measured the HtSDS of patients be‐
fore versus after 2 years of treatment. Results showed significant catch-up growth in those
diagnosed during the first two years of life compared to those diagnosed after 6 years of life
(Figure 2). Pubertal maturation was delayed in 10/21 patients and accelerated in 3/21. (Un‐
published data by authors) (Table 2)

Figure 2. Height Standard Deviation Score [HtSDS] before [dark blue] and after [light blue] one year of treatment of
neglected cases of hypothyroidism diagnosed at different ages.
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Delayed Puberty

Normal Puberty

Precocious Puberty
1

Males [n = 9]

6

2

Females [ n = 12]

4

6

2

10/21

8/21

3/21

Total [ n = 21]

Table 2. Pubertal Data in neglected hypothyroidism

Collectively, these studies demonstrated clearly the deleterious effect of hypothyroidism on
all stages of growth [infantile, childhood and pubertal phases] and the incomplete catch-up
growth after treatment with thyroxine especially in older children.

10. Growth in Congenital hypothyroidism treated at the neonatal period
Forty years after the worldwide introduction of neonatal screening for congenital hypothyr‐
oidism, it is beyond doubt that early diagnosis and thyroxine treatment prevent brain dam‐
age. Although benefits of early treatment have never been proven in randomized placebocontrolled trials, studies that described the natural course of congenital hypothyroidism are
considered sufficient evidence for its efficacy, at least in severe forms [73, 111-114]. After the
introduction of the screening, several studies have reported a normal linear growth in infan‐
cy and childhood [115-117], while others have described a slight growth deceleration early
in childhood in children with severe CH at diagnosis [118-120]. With respect to the achieve‐
ment of a normal final height, some studies have suggested that the adequacy of L-thyro‐
xine replacement in the first 6 months of life may influence the adult height of children with
CH detected by newborn screening [121]. In contrast, other studies have found no correla‐
tion between severity at diagnosis, aetiology, or initial L-thyroxine dosage [122,123]. The on‐
ly postnatal factor consistently found to be related to adult height has been the age at the
start of treatment.
Salerno et al. [122] reported normal linear growth and onset and duration of puberty in both
males and females (n= 55) with congenital hypothyroidism (CH) detected by a neonatal
screening program and treated with thyroxin. Their data have shown that the onset and the
progression of puberty are independent of the aetiology, the severity of CH and the timing
of the beginning of treatment. Girls treated with an initial amount of L-thyroxine (L-T4) > 8
microg/kg per day have shown an earlier onset of puberty compared with girls treated with
a lower initial dose of L-T4. However, both groups have attained a similar final height,
which in both cases was above the target height. No significant relationship has been found
between final height and severity of CH at diagnosis, initial L-T4 dosage or aetiology of hy‐
pothyroidism.
Soliman et al. [124, 125] have reported that hypothyroid patients (n =45) diagnosed through
the neonatal screening program have normal birth length, weight and head circumference
compared to normal infants. These data rule out significant effect of foetal hypothyroidism
on foetal growth. When treated with an initial T4 dosage (50 ug/day) with adjustment of T4
dose to maintain serum fT4 concentrations within the upper quartile of normal range and
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TSH < 4 mIU/ml, these children have adjustment (+/- 0.5 SD) of their mean HtSDS towards
their mid-parental height SDS (MPHtSDS) only during the second year of life. In addition,
child mean HtSDS is higher than MPHtSDS by an average of 0.4 SD between the 2nd and 8th
year of life (Figure 3). Adachi et al. [126] have reported normal adult height of patients with
CH detected by neonatal screening which was equivalent to that of the reference population
and their target height.

Figure 4. A: Skull X ray, lateral views, in a two- year-old child and 18-months old child demonstrating persistent wide
anterior fontanelle, mild degree of brachycephaly in a relatively underdeveloped skull base with increased bone densi‐
ty, underdeveloped paranasal sinuses and slightly hypoplastic facial bones, enlarged sella turcica (Cherry sella), few
wormian bones along lambdoid suture, relatively narrowed deploic space of parietal bones and overcrowded teeth.
B : AP view of knee demonstrating epiphyseal dysgenesis [irregularity and mild stippling] of the lower femoral and
upper tibial epiphyses which are relatively small; and a delayed appearance of the upper fibular epiphysis for age of
the patient. C, D. Plain X ray of the pelvis and both hips in a two-year-old child (C ) and five-year-old (D ) demonstrat‐
ing epiphyseal dysgenesis of the upper femoral epiphyses (irregular flattened upper femoral epiphysis which are small
for age of the patient;underdeveloped) with relatively shallow acetabular roofs and mild coxa vara deformity and rela‐
tively small (hypoplastic) iliac bones. E,F : Plain X ray of dorsolumbar region of two different patients demonstrating
flattening of the vertebral bodies with relative osteoporosis leading to the appearance of "picture framing" of verte‐
bral bodies (E, and relatively wide disc spaces with typical bullet shape appearance of vertebral bodies (LV1 and LV2 )
and relatively small body of LV1 with anterior subluaxation of DV12 over LV1 leading to smooth gibbus deformity (F).
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Dickerman and de Vries [127] have found normal prepubertal and pubertal growth and ach‐
ievement of normal adult height in children diagnosed through neonatal screening (n = 30)
and have reported a significant correlation with parental height and the mean L-T4 daily
dose administered over the first 6 months of treatment. A dose of at least 8.5
micrograms/kg/day is recommended by these authors during this period.
Jones et al. [128] have studied growth of 314 CH children according to initial daily dose of
T4: Group 1 (25 ug, n = 152), Group 2 (30-40 ug, n = 63) and Group 3 (50 ug, n = 99). At 3
months weight, length and OFC SDS values have been (-0.39, -0.35, 0.09); (-0.30, -0.47, 0.32) ;
and (-0.03, -0.13, 0.18) for Groups 1, 2 and 3, respectively, indicating no difference be‐
tween the 3 doses on somatic growth between 3 months and 3 years. However, an initial
T4 dose of 50 ug daily has normalized thyroid function several months earlier than lowerdose regimes. These data has been confirmed by Salerno et al. [129] who have reported that
higher dose has been shown to improve the IQ at 4 years of age, even in patients with
severe CH at diagnosis.
These results suggest that conventional management of children with CH detected by neo‐
natal screening with an initial dose > 8 ug/kg/day leads to normal infantile, childhood and
pubertal growth with normal adult height and sexual development, and that the major fac‐
tors determining adult height in these children are the familial genetic growth potential and
good compliance to treatment. However, a still unsolved question is whether neonates with
mild hypothyroidism benefit from treatment, too [130-134].

11. Growth before and after Juvenile-Acquired hypothyroidism:
In one study, hypothyroidism has been diagnosed and treated in 18 girls and six boys with
prolonged juvenile hypothyroidism with a mean age of approximately 10.5 years and bone
age = 6.1 years. At diagnosis, the HtSDS scores are -4 +/- 0.5 in boys and -3.12 +/- 0.5 in girls.
Treatment up to achieving the final adult has demonstrated incomplete catch-up (HTSDS =
-2.1 +/- 0.2) with loss of 6-7 cm of the predicted adult height. Delay in therapy has been a critical
factor in the deficit in the final adult height [138]. Another study following 20 girls and 9 boys
with juvenile primary hypothyroidism until they reached final height has shown that at
presentation the mean age of the boys was 9.5 years (bone age = 6.3 years) and mean age of
girls was 8.8 years (bone age= 5.4 years). In the girls, the onset of puberty was 1.2 years later
than the normal population but the duration of puberty was reduced. The pattern of growth
in girls with treated hypothyroidism is abnormal as growth continues after menarche, at a
time when normal girls have almost stopped growing (Figure 5). During the second year after
menarche patients still have a mean growth velocity of 4.1 cm/year. These data suggest that
juvenile primary hypothyroidism can result in a permanent height deficit and disharmony
between growth and sexual maturation in girls, despite adequate treatment [134].
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Figure 5. The Pattern of linear growth of a girl with juvenile hypothyroidism after treatment (Note the prolonged
growth after menarche and short adult height)

In summary, thyroid hormones act on growth plate, bones and GH-IGF-I axis to modulate
growth. These functions are mediated via many possible mechanisms including direct ac‐
tion on the chondrocytes, osteoblasts and mast cells, as well through interaction with other
hormones and growth factors acting in endocrine, paracrine and autocrine fashions. Early
diagnosis and treatment of infants born with congenital hypothyroidism, through neonatal
screening, results in normal linear growth and attaining full growth potential. However, de‐
layed diagnosis and treatment of congenital hypothyroidism and/or acquired hypothyroid‐
ism may result in partial catch-up growth and compromise final adult height of patients.
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1. Introduction
Thyroid hormones (TH) are critical for early brain development, somatic growth, and bone
and pubertal maturation. Moreover, they are crucial for survival, both in rodents and
humans. In many respects, (TH) may be viewed as tissue growth factors. Effects on growth
and development are classified as genomic actions mediated via stimulation of mRNA for
pituitary growth hormone (GH) synthesis, secretion and sensitivity. TH potentiate GH
stimulation of the synthesis and action of insulin-like growth factor 1 (IGF1) and stimula‐
tion of the production of different growth factors (epidermal growth factor, nerve growth
factor, and erythropoietin). Cartilage response to IGF1 and osteoblastic/osteoclastic bone
remodeling are also regulated by thyroid hormones. Unlike insulin and cortisol levels,
which fluctuate widely in response to food ingestion and stress, thyroid hormones are
typically maintained at a constant level that keeps the metabolic machinery functioning at
a proper rate (Zimmerman-Belsing et al., 2003).
In overt hypothyroidism, the severe impairment of linear growth leads to dwarfism, which is
characterised by limbs that are disproportionately short compared with the trunk.
Even in subclinical hypothyroidism, a condition of mild thyroid failure, growth velocity in
children is suboptimal.
In this chapter, the impact of TH on growth in different forms of hypothyroidism will be
discussed in light of thyroid hormone treatment in pediatric praxis.
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2. Causes of acquired primary hypothyroidism in childhood
Acquired primary hypothyroidism (AH) in children and adolescents is predominantly caused
by end-stage autoimmune disease arising from a chronic autoimmune thyroiditis (CAT). CAT
is the most common cause of AH in nonendemic goitre areas, and it afflicts up to 2% of children
and adolescents (Bartalena et al., 2007; Fisher, 1990; Raillison et al., 1975; Tomer & Huber,
2009; Fernandez-Soto et al., 1998). Unlike the overt goitrogenic form of CAT, the atrophic form
often remains hidden or misdiagnosed for years. Other causes of acquired hypothyroidism
include the following: late-onset thyroid dysgenesis and late-onset dyshormonogenesis;
decreased responsiveness to thyroid hormones; TSH deficiency; drug-induced, iatrogenic, or
endemic iodine deficiency; and chromosomal disorders and cystinosis (Fisher, 1990).
The importance of the thyroid gland for the human body is largely due to its production of
hormones necessary for appropriate energy levels and an active life. These products have
pleiotropic effects, which include exerting an immense array of hormonal activities (genomic
and non-genomic actions) and playing a critical role in early brain development, somatic
growth, bone maturation, and mRNA synthesis for more than 100 proteins that constantly
regulate the maintenance of all bodily functions. TH impact every tissue to such an extent that
a certain degree of thyroid dysfunction is highly likely to result in multiorgan failure thus often
mimicking various diseases (Weetman, 2003; Saranac et al., 2011).

3. Genomic and non–genomic actions of thyroid hormones
T3 binding by the nuclear thyroid receptors (TR) leads to responsive gene transcription, which
modulates synthesis of mRNA and proteins—which in turn mediate thyroid hormone effects
in various tissues. In the central nervous system, general genomic effects include stimulation
of cell migration and neuronal cell maturation and stimulation of dendritic arborisation,
synaptic density and increased myelogenesis. Gene products regulated by T3 in the CNS are
myelin basic protein, nerve growth factors and their receptors, neurotropin 3, neural cell
adhesion molecules, cerebellar PCP-2 and prostaglandin D2 synthase (Fisher & Grueters,
2008).
Genomic effects on growth and development include the following: stimulation of pituitary
growth hormone (GH) synthesis and secretion; potentiation of GH stimulation of insulin-like
growth factor (IGF) synthesis and action; stimulation of growth factor production (epidermal
growth factor, nerve growth factor, erytropoetin); and stimulation of bone metabolism/growth
(cartilage response to IGF1 and osteoblastic/osteoclastic bone remodelling).
Thermogenic genomic effects include stimulation of mitochondrial enzyme synthesis; stimu‐
lation of UCP-1 and UCP-3 in brown adipose tissue and muscle; and stimulation of membrane
Na/K ATPase. Metabolic genomic effects include induction of hepatic lipogenic enzymes;
stimulation of hepatic glutamine synthetase and α-aminolevulinic acid synthetase; potentia‐
tion of prolactin stimulation of lactalbumin synthesis; and potentiation of GH stimulation of
β2 euglobulin synthesis (Fisher & Gruters, 2008; Yen, 2001).
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The above effects do not occur immediately but only after hours of TR stimulation. However,
some TH effects occur immediately (e.g., stimulation of glucose transport and stimulation of
adrenergic receptor binding). Additionally, TH can regulate the number of beta-adrenergic
receptors in the heart and may thereby enhance sensitivity to catecholamines. Increased
catecholamine effects via increased beta–adrenergic receptor binding and post-receptor
responsiveness are prominent manifestations of the hyperthyroid state (tachycardia, tremor
and lid lag) and are manifested in the face of normal or lowered circulating concentrations of
catecholamines (Fisher, 1990).

4. Thyroid hormones and growth plate
The process of longitudinal bone growth is governed by a complex network of endocrine
signals, including growth hormone, IGF1, glucocorticoid, thyroid hormone, oestrogen,
androgen, vitamin D and leptin (Nilsson et al., 2005). The growth plate consists of three
principal layers: the resting zone, proliferative zone and hypertrophic zone. In hypothyroid
animals, the proliferative and hypertrophic zones are decreased in height, and chondrocyte
proliferation, chondrocyte hypertrophy and vascular/bone cell invasion are affected. In
addition, the normal columnar organisation of the growth plate is disrupted (Stivens et al.,
2000). Some of the sceletal effects appear to be due to direct action on the growth plate. Growth
plate chondrocytes express thyroid hormone receptor (TR) isoforms TR-α, α-1,and β. Most
cases of thyroid hormone resistance in humans are caused by dominant-negative mutations
of the TR-β gene, which may also affect TR-α function and show variable sceletal effects
(Takeda et al., 1992, Nilsson et al., 2005).
TH are critical for normal bone growth and development. In children, hypothyroidism can
cause short stature and delayed closure of the epiphyses. Biochemical studies have shown that
TH can affect the expression of various bone markers in the serum, reflecting changes in both
bone formation and resorption. TH increase alkaline phosphatase and osteocalcin in osteo‐
blasts. Additionally, osteoclast markers such as urinary hydroxiproline, urinary pyridinium,
and deoxypyridinium cross-links are increased in hyperthyroid patients. These observations
suggest that both osteoblast and osteoclast activities are stimulated by TH (Yen, 2001).

5. Levels of the thyroid hormone control
There are three levels of the regulation of thyroid hormone concentrations and actions: I
constant hormonal serum concentration is maintained by a feedback loop between the
hypothalamus, pituitary and thyroid. This centrally regulated system is not sufficient to
provide the necessary amount of TH for every tissue and cell in the body. II TH for local needs
are provided by the control and regulation of TH entrance by active transmembrane trans‐
porters and the tissue-specific action of activating enzymes (D1 and D2 deiodinase) and a
deactivating enzyme (D3 deiodinase), whose concentrations are regulated differently in each
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tissue. III The third level of the regulation of hormonal response depends on the type and
activity of TH receptors and is also active at the tissue-specific level. (Bianco et al., 2002; Van
der Deure et al., 2010).
Some tissues, such as muscle, have a relatively low deiodinase activity and are dependent, to
a great extent, on tri-iodothyronine derived from the thyroid and liver. Other tissues, such as
the brain and liver, have a high deiodinase activity, and the availability of tri-iodothyronine
is determined within the tissues themselves (Romijn et al., 2003).
Thyroxine-binding globulin (TBG) is the most important carrier protein for T4. In contrast,
TBG and albumin seem equally important for T3. The binding reactions are nearly complete,
and thus the euthyroid steady-state concentration of free T4 and T3 approximate 0.03% and
0.3% (respectively) of total hormone concentrations. TBG levels are higher in children than in
adults and decrease progressively to adult levels during adolescence (Fisher, 1990; Fisher &
Grueters, 2008).

6. Different forms of hypothyroidism and their impact on growth
6.1. Central (hypothalamic–pituitary) hypothyroidism
The prevalence of central hypothyroidism approximates 1 in 20,000 births. The most frequent
causes of the acquired form are irradiation of the head, chemotherapy for malignant disorders,
craniopharyngiomas, granulomatous disease, meningoencephalitis and head trauma. The
development of the pituitary gland as well as TSH gene expression is regulated by the multiple
pituitary transcription factors. Genetic mutation of these factors has been found to cause
familial hypopituitarism with TSH deficiency. The congenital form of central hypothyroidism
occurs in anencephaly, holoprosencephaly, septo-optic dysplasia (SOD), medial facial
syndromes, TSH β mutations, and HESX1, Pit-1, Prop-1 and LHX3/LHX4 mutations (Kelber‐
man & Dattani, 2008). Congenital central hypothyroidism is also associated with multiple
hormonal deficiencies. However, idiopathic forms of hypopituitarism are still often present
and hide some forms of autoimmune and congenital disorders (De Graaf et al., 2009).
Growth failure due to GH or TSH deficiency is usually the earliest manifestation of pituitary
hypofunction, but other features related to primary disease, neurologic disorder, or hypo‐
thalamic dysfunction may be prominent.
Isolated central hypothyroidism is an uncommon disorder associated with short stature in
children presenting with low free T4 and normal or low serum TSH concentrations without
other evidence of pituitary disease. The diagnosis of central hypothyroidism can be considered
in those with a serum free T4 level in the lower half of the normal range and normal TSH
concentrations. The TRH test is of diagnostic value in such circumstances.
The prevalence of isolated central hypothyroidism has been reported as 16% in a group of 181
children with idiopathic short stature (Rose, 1995).
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In our group of 59 children with growth hormone deficiency, 4 had pituitary dwarfism because
of the classic triad (Fig 1): a hypoplastic anterior pituitary, an ectopic posterior pituitary and
an invisible or transected pituitary stalk. In 10 children, pituitary structural lesions classified
as microadenoma were present on magnetic resonance imaging (MRI) examination (4 micro‐
prolactinomas and 6 non-functioning pituitary microadenomas). Two children experienced
hypopituitarism after head trauma, and an additional 2 experienced hypopituitarism because
of suprasellar tumours (germinoma, Fig 2, and teratoma). In one boy, an empty sella syndrome
was revealed.

Figure 1. MRI of boy with central hypothyroidism caused by pituitary hypoplasia.

Figure 2. MR sagittal scan of boy with suprasellar germinoma producing central hypothyroidism (TT4 62.41 nmol/L,
FT4 8.32 pmol/L, TSH 0.057 mIU/L).
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Hypointense pituitary lesions are an important sign of hypothalamic and pituitary dysfunction
and a distinguishing marker in children that should be considered for further investigation
and endocrinologic surveillance. Thus, MRI investigation is recommended as an effective
screening tool. MRI is an important option for use in further evaluation of short children and
resistant obesity accompanied by gonadal dysfunction and pubertal disorders.
6.2. Primary, overt hypothyroidism
The clinical manifestations of acquired hypothyroidism in childhood differ from those in
adults. The classic manifestations also occur in children but are not as prominent. Instead, the
most important sign of acquired hypothyroidism in childhood is a slowing of growth. Weight
tends to increase, and, in most instances, weight for age is greater than height for age. The
retardation of bone age in hypothyroidism usually equals or exceeds the retardation in linear
growth (Fisher, 1990; Hall, 1989; Saranac & Stamenkovic, 2012). Feeling cold, experiencing
fatigue, and displaying primary amenorrhoea with no impairment of school performance is
also commonly observed in children with acquired hypothyroidism. However, in some
children, deterioration in school work and learning difficulties might occur. Clinical signs of
severe acquired hypothyroidism unique to childhood are presented in Table 1. Mixedema,
generalised or discrete hair loss and firm, often smooth goitre with a palpable Delphian node
on the isthmus are clinical signs of autoimmune hypothyroidism. Clinical markers such as
segmental vitiligo, hypopigmented rings surrounding dark naevi (“halo naevi”), leukotrichia,
premature greying of the hair, and alopecia areata are all, like typical vitiligo, associated with
autoimmune disorders (Hall, 1989). An increased frequency of autoimmune thyroid disorders
is reported in Turner syndrome (TS) and other non-disjunctional chromosomal disorders, such
as Down syndrome, and these disorders seriously affect growth in these children. Hypothyr‐
oidism of autoimmune origin is so common in TS that almost every other TS girl will most
likely develop hypothyroidism, with the likelihood increasing with age (El-Mansoury et al.,
2005; Mortensen et al., 2009; Testa et al., 2006).

Growth retardation
Bone age retardation
Muscle pseudohypertrophy
Sexual disorders
Delayed puberty
Precocious puberty
Table 1. Clinical signs of acquired hypothyroidism unique to childhood (Fisher, 1990)

In primary hypothyroidism, the anterior pituitary shows an increase in thyrotroph cells.
Hyperplasia or even adenoma formation may result from long-standing hypothyroidism,
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particularly hypothyroidism dating from infancy. Enlargement of the pituitary fossa has been
demonstrated, and suprasellar extension of the feedback tumour of the cells may occur rarely
(Hall, 1989). We recently published a case of a hypothyroid boy with severe growth failure
caused by long-standing, neglected hypothyroidism with very high thyrotropin levels and
sella enlargement (Saranac & Stamenkovic, 2012).
In cases of long-standing hypothyroidism, the dose of l-thyroxine should be increased
gradually to prevent cardiac failure. Most children respond well to a dose of 100 μg/m2 (Fisher,
1990; Fisher & Grueters, 2008). When clinical features such as loss of body hair occur and
increase the possibility of pituitary hypothyroidism, it is dangerous to treat the patient with
thyroid hormone without determining the plasma cortisol level and, if necessary, correcting
any adrenocortical deficiency (Hall, 1989).
In clinical practice, the adequacy of TH supplementation is assessed by the measurement of
TSH and fT4 concentrations. This approach deserves two comments. First, it is remarkable that
the normal values of TSH show a more than ten-fold variation. In clinical practice, because the
optimal TSH concentration within this range for individual patients is unknown, titration of
the substitution dose of thyroxine within this variation is relatively crude. Secondly, the
intrinsic assumption of many doctors using this approach is that a normal TSH concentration
reflects adequate TH concentrations not only at the tissue level of the hypothalamus and the
pituitary but also in other tissues. However, it is likely that this assumption is erroneous
(Romijn et al., 2003).
Some adults require combined l-T3 + l-T4 treatment, although the benefit in humans is
controversial. The rationale for this combined treatment is that monotherapy cannot provide
euthyroid state in all tissues of the hypothyroid subject. In rodents, it has been clearly dem‐
onstrated that there is no single dose of T4 or T3 that normalises TH concentrations simulta‐
neously in all tissues in hypothyroid animals (Escober-Morreale et al., 1996). Therefore, it is
highly likely that in patients treated with l-T4, subtle derangements at the tissue level are
present with respect to TH availability and, most likely, TH action. Unfortunately, we lack
sensitive signs and symptoms needed to evaluate this hypothesis in clinical practice, and we
do not have sensitive biochemical markers of TH action at the tissue level other than TSH
(Romijn et al., 2003).
Unlike insulin and cortisol levels, which fluctuate widely in response to food ingestion and
stress, thyroid hormones are typically maintained at a constant level, resulting in a proper
metabolic rate. Thyroid hormones are crucial for survival in both rodents and humans
(Zimmerman-Belsing et al., 2003). In many respects, thyroid hormones may be viewed as tissue
growth factors. Indeed, normal overall whole body growth does not occur in the absence of
thyroid hormones despite adequate levels of growth hormone (GH). TH also influence the
function of other endocrine systems. After 3 to 4 years of age, thyroid hormone deficiency is
not associated with mental retardation but delayed somatic and linear bone growth. Bone
maturation, measured as bone age, is also delayed; diaphyseal bone growth is reduced; and
epiphyseal growth and mineralisation largely cease. The effects of thyroid hormones on
somatic and skeletal growth are mediated by stimulation of the synthesis and action of growth
hormone and growth factors (Griffin & Ojeda, 1998).
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Thyroid hormones also potentiate growth hormone stimulation of insulin-growth factor
synthesis and action as well as GH and IGFs binding to the receptors and post-receptor events.
Additionally, TRH’s rise in primary hypothyroidism acts as suppressor of nocturnal growth
hormone pulses. In 1989, Chernausek et al. documented the attenuation of spontaneous
nocturnal growth hormone secretion in the hypothyroid state and the proportional fall in IGF1
serum concentration.
Catch-up growth is defined as a linear growth rate greater than expected for age after a
period of growth inhibition. Growth-inhibiting conditions conserve the limited prolifera‐
tive capacity of growth plate chondrocytes, thus showing the normal process of growth
plate senescence. When the growth-inhibiting condition resolves, the growth plates are less
senescent and therefore grow more rapidly than normal for age (Marino et al., 2008,; Shao
et al., 2006). If the hypothyroid state is prolonged prior to treatment, catch-up growth may
be incomplete. Excessive dosage is marked by disproportionate advancement in skeletal
age (Fisher & Grueters, 2008).
In 1991, Pantsiouou found that in spite of appropriate treatment, primary hypothyroid‐
ism results in permanent growth failure. In girls, normal harmony between growth and
pubertal maturation has been disturbed or lost. Growth continued after menarche, but final
height remained far below the age average and predicted height according to midparental height. That is why some authors, including Minamitani, recommended the
combined treatment with GnRH analogues and GH, besides substitutional l-T4 treatment
for optimal growth stimulation.
6.3. Subclinical hypothyroidism
Subclinical hypothyroidism (SCH) is defined by an elevation of serum TSH with circulat‐
ing free thyroid hormone concentrations that are within the reference range (Evered et al.,
1973; Cooper & Biondi 2012). SCH is a common issue in clinical practice that predominant‐
ly affects women and has a prevalence of between 2 and 10%, which increases in an agerelated fashion. More than three-quarters of individuals with SCH have serum
concentrations between 5 and 10 mU/l. Although treatment of the mild thyroid failure of
SCH with levothyroxine (l-T4) would seem to be a logical approach to management, only
a minority of individuals with SCH have symptoms that are typical of hypothyroidism
(Pearce et al., 2012). According to one of the few available follow-up studies on juvenile
SCH, this may be a benign and remitting process with a very low risk of evolution toward
frank hypothyroidism (Raillison et al., 1975; Moore, 1996).
There is great controversy concerning the clinical significance of SCH and whether or when
subjects with SCH should be treated with l-T4. In adults, SCH has been associated with
several complications, such as progression into overt hypothyroidism, abnormalities of
lipid profile, increased risk of atherosclerosis and cardiovascular morbidity and clinical
signs and symptoms of mild disease, including impaired cognitive function (Cerbone et
al., 2011). Treatment is currently recommended in SCH subjects with a TSH value above
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10 mU/l, whereas treatment for TSH levels between 4.5 and 10 mU/l remains a matter of
debate (Wiersinga et al., 2012).
In children, SCH is not yet a well-defined condition due to both the low prevalence of this
disorder and the lack of long-term studies.
Some children with CAT experience all types of thyroid dysfunction during the natural course
of the disease: mild hyperthyroidism at diagnosis (hashitoxicosis), euthyroid state and gradual
progression from subclinical to overt hypothyroidism. An intriguing form of CAT could be
subclinical hypothyroidism with mixed signs of hypo- and hyperfunction ("autoimmune
dysthyroidism"). Thus, clinical features do not always correspond to hormonal status. The
reasons for diagnostic pitfalls, including clinical ambiguity, are challenging for pediatricians
and endocrinologists (Saranac & Stamenkovic, 2012).
Even though subclinical hypothyroidism is defined as an asymptomatic disorder in which
a euthyroid state is maintained due to TSH elevation, in our experience, this dysfunction
type actually has clinical expression despite being labelled as mild, subclinical or compen‐
sated. Tunbridge recorded clinical features in adults, which included cold intolerance, dry
skin, lack of energy, puffiness around the eyes, acroparaesthesiae and weight gain, and the
signs elicited included periorbital swelling, scaling of the skin and a slow pulse rate (minor
degrees of hypothyroidism) (Hall, 1989). In children, even the subclinical form of hypothyr‐
oidism has an impact on growth, weight regulation, bone maturation and pubertal
development.
While the mild clinical picture of hypothyroidism is expected in children, the appearance of
the opposite hyperfunction signs in subclinically hypothyroid subjects is intriguing. A possible
explanation could be the rise in TRH with neurotransmitter properties that leads to release of
TSH, PRL, FSH, and noradrenalin (NA). Tachycardia, nervousness, and emotional lability in
subclinically hypothyroid subjects could be attributed to NA released in this way. Moreover,
the turnover of NA in the brain of hypothyroid subjects has been found to be elevated
(Jovanovic-Micic et al., 1991; Bauer et al., 2008).
The ambiguity in the clinical picture could also be explained by the presence of heterogenic
antibodies to the TSH receptor in the same subject. A transient shift from blocking to stimu‐
lating antibodies may provoke hyperthyroid signs in the hypothyroid subject (Song et al.,
1996; Saranac et al., 2003, 2010).
Reasons not to treat SCH in adults are numerous. Serum TSH is not a perfect marker of
thyroid hormone action because of its dependence on hypothalamic TRH, type 2 deiodi‐
nase, and the influence of steroids, cytokines, adipokines and neuromediators (e.g., ldopa). Increased TSH is not a fixed and immutable parameter: it varies according to
diurnal, circannual, and physiological and non-thyroidal factors. Normal values of TSH
can differ ten-fold within normal reference values. Obesity is a circumstance in which high
levels of TSH are frequently discovered, although a lack of thyroid hormone is not
generally the culprit. Furthermore, therapy with levothyroxine is not free of inconven‐
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ience and risks. Finally, extreme longevity is associated with increased serum thyrotropin
levels (Pearce et al., 2012).
In growing child, there are scarce data regarding the evaluation of substitution benefits.
Thus, the dilemma of whether to treat subclinical hypothyroidism is still in question. The
problem is further complicated by the fact that obese children do present with elevated
values of TSH. Several mechanisms leading to hyperthyrotropinaemia have been hypothes‐
ised, including increased leptin-mediated production of pro-TRH, impaired feedback due
to a decreased number of T3 receptors in the hypothalamus, and variations in peripheral
deiodinase activity (Radetti et al., 2008). With respect to growth in SCH, there are
ambiguous data. In a prospective evaluation of the natural course of idiopathic subclini‐
cal hypothyroidism in childhood and adolescence, Wasniewska et al (2009) did not find
any association between TSH changes and FT4 values, clinical status or auxological
parameters. The study group consisted of 92 patients (50 boys) with idiopathic SCH. The
majority of the patients (88%) normalised or maintained their TSH levels during the 24month follow-up period. Stature was within normal limits at diagnosis and remained
normal at the end of the study. In a cross-sectional controlled study, Cerbone et al (2011)
evaluated growth and intellectual outcome in 36 children with persistent SCH who had
never been treated with levothyroxine and in the same number of age- and sex-matched
controls. The authors concluded that persistent SCH in children is not associated with
alterations in growth, bone maturation, BMI, and cognitive function or other complaints
that could be ascribed to SCH even after several years. However, the mean duration of
follow up was only 3.3 years.
In 17 paediatric patients with SCH, Ergur et al. (2012) documented poor performance on tests
measuring attention and neurocognitive capabilities. No significant differences were found
between the SCH group and the healthy controls in verbal fluency and encoding tests.
In a small study of 16 children with SCH and diagnosis of CAT, we found suboptimal growth
velocity (4.12 cm/year), which significantly improved up to 7.36 cm/year (p<0.05) after 12
months of treatment. Mean bone age advancement was 1.6 years/year and did not exceed
growth acceleration (1.98 years/year), due to careful dose monitoring. Despite appropriate
treatment with l-T4, the mean SD score of height for chronological age remained unachieva‐
ble in comparison with euthyroid, non-treated CAT patients (Fig 3). During treatment, the
T3/T4 ratio in the treated group showed a sharp rise after 1 year of treatment, in accord‐
ance with the mean best growth velocity during follow-up period of mean 2.19 years (range
1-4 years) (Fig 4). The mean TSH of the SCH group was 8.98 mU/ml at diagnosis, falling
gradually to 4.81 mU/ml after 1 year and 1.98 mU/ml after 2 years of treatment. We conclud‐
ed that children with SCH had suboptimal growth before treatment, which improved during
l-T4 substitution, with simultaneous normalisation of TSH levels. In addition to other
favourable effects on thyroid volume and thyroid autoimmunity markers, TH isohormonal
therapy provides optimal growth in children with CAT. However, caution is recommended
in children who are simply obese, where, despite elevated TSH, l-T4 treatment should be
avoided or cautiously considered.
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Figure 3. Standard deviation score (SD) changes during follow-up in hypothyroid children (overt+ subclinical hypo‐
thyroidism) in comparison with non treated (euthyroid and hyperthyroid). Growth is reflection of thyroid function.

Figure 4. T3/T4 ratio changes in l-thyroxine treated versus non treated children.

7. Conclusion
Screening for congenital hypothyroidism achieved the historical goal of eliminating the most
serious endocrine cause of mental retardation, hypothyroid cretinism. However, acquired
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hypothyroidism remains a frequent cause of interruption of statutoponderal progress, failure
to thrive and growth impairment. Dynamic growth is a fundamental characteristic of happy,
healthy children who are well nourished and nurtured. Stature represents a phenotypic
characteristic that produces significant anxiety in children and their families. A euthyroid state
is crucial in this complex, synergistic process in which nutrition, emotions and hormones act
simultaneously. Growth is a reflection of thyroid function. Thus, the first step in the hormonal
investigation of children with growth failure is the thyroid function assessment. Pediatricians
must be educated to select patients suspected of hypothyroidism, to document different forms
of hypothyroidism and to treat them properly while simultaneously being attentive to false
positive results.
Although hormonal substitution therapy in the treatment of hypothyroidism is extremely
successful and has fulfilled its promises, a perfect mimicry of endocrine homeostasis by thyroid
hormone replacement is, in general, impossible, especially in growing children.
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Approach to Subclinical Hypothyroidism in Children
Yardena Tenenbaum-Rakover
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/55134

1. Introduction
1.1. Definition of SCH
SCH is defined when serum TSH concentration is above the statistically upper limit of the
reference range while serum free T4 (FT4) concentration is within its reference range (Biondi &
Cooper, 2008; Surks et al., 2005). Other names for SCH include compensated, early, latent, mild,
minimally symptomatic, preclinical hypothyroidism and euthyroid hyperthyrotropinemia
(Chu & Crapo, 2001). It suggests a compensated early state of primary thyroid failure wherby
an increased level of TSH is required to maintain notmal levels of thyroid hormones. The
reference TSH levels in a normal population aged 12 and older (excluding individuals with
medications or diseases that might influence thyroid function) were assessed at 0.45 to 4.12
mIU/l (2.5th–97.5th percentile) (Hollowell et al., 2002). Although there were age, gender, and
ethnic group differences, they were small and it was therefore not considered necessary to
adjust the reference for these parameters. Additional studies assessing the normal TSH
reference in children have shown broad differences between adult and children that were
dependent on the patient’s age (Elmlinger et al., 2001; Hübner et al., 2002; Kapelari et al.,
2008 ; Soldin et al., 2009; Strich et al., 2012; Zurakowski et al., 1999), indicating that the definition
of SCH is age-dependent. A panel of experts divided patients with SCH into two groups:
patients with mildly increased serum TSH levels (4.5–10 mIU/l) and patients with more
severely increased serum TSH levels (>10 mIU/l) (Surks et al., 2004).

2. Prevalence of SCH
The prevalence of SCH is about 4% to 10% in the adult population (Biondi & Cooper, 2008;
Hollowell et al., 2002; Surks et al., 2004), with a higher prevalence in women and the elderly.
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The prevalence of congenital hypothyroidism (CH) has increased in the last two decades from
1 in 4000 births (Grüters et al., 1993) to as high as 1 in 2000 births in the Hispanic population
in the United States (Harris & Pass, 2007). Explanations for the increase in prevalence of CH
in the United States include lower TSH cut-off levels, increasing numbers of preterm or very
low weight babies who can be affected by a transient rise in TSH levels and reflect more benign
or transient cases (Grüters & Krude, 2011) and higher numbers of neonates with Hispanic
background in the tested population. The precise incidence of SCH in children is not well
defined; however, a prevalence of about 1 in 8260 births was found in Europe for transient CH
and SCH (Klett & Schönberg, 1981).

3. Etiology of SCH
The different causes of SCH in children are summarized in Table 1. The most common cause
in children, as well as in adults, is AITD. In the newborn, hyperthyrotropinemia can reflect a
physiological condition, as well as maternal AITD and perinatal exposure to iodine. Loss-offunction mutations of genes that are involved in thyroid development and thyroid hormone
synthesis may also present as euthyroid hyperthyrotropinemias at birth or later on in life.
Additional etiologies are acquired thyroid infiltration diseases, thyroid injury, and secondary
effects of medication that influences thyroid hormone synthesis or clearance of thyroid
hormones. Mild hyperthyrotropinemia may be a consequence of obesity. Laboratory interfer‐
ence in the assay process is not a rare cause for elevated TSH. Many of these causes result in
overt hypothyroidism with time, or even at presentation.
Risk factors: family history of AITD-associated
autoimmune disorders (diabetes mellitus type 1, celiac
AITD

disease, pernicious anemia, viteligo, atrophic gastritis,
etc.) as part of autoimmune polyglandular syndrome type
1 & 2. In Down syndrome and Turner’s syndrome
Iodine exposure or endemic iodine deficiency, maternal

Congenital hyperthyrotropinemia

AITD, maternal drug treatment like propylthiouraciland
metimazole

Persistent TSH after subacute thyroiditis or painless
thyroiditis
Thyroid injury

Partial thyroidectomy, radioactive iodine therapy,
external radiotherapy of head and neck, chemotherapy
Iodine and iodine-containing medications (amiodorone,

Drugs

radiographic contrast agents), lithium, interferon α,
sulfonamides

Inadequate replacement therapy of hypothyroidism

Inadequate dosage, noncompliance, drug interactions
(iron, calcium carbonate, dietary soy), increased T4
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clearance (phenytoin, carbamazepine, phenobarbital),
malabsorption
β-thalassemia major

Due to hemosiderosis

After bone marrow transplantation
Thyroid infiltration

Amyloidosis, sarcoidosis, hemochromatosis, cystinosis,
primary thyroid lymphoma

Obesity
Genetic

Laboratory interferences

Loss-of-function mutations in TSHR, GNAS, PAX8, TTF-1,
DUOX2
Macro-TSH, hetrophylic antibodies, thyroid
autoantibodies, RF

Table 1. Causes of SCH in children

3.1. Transient hyperthyrotropinemia in newborns
Hyperthyrotropinemia in newborns is mainly a physiological condition reflecting the TSH
surge which occurs immediately after birth. Additional etiologies for this condition include
iodine deficiency that is common in areas of endemic goiter or secondary to iatrogenic iodine
overload during fetal and postnatal life. Significant exposure to iodine may be caused by
transplacental crossing of iodine to the fetus or secretion of iodine into the breast milk
consumed by the newborn. In addition, the newborn, and especially premature newborns, can
be exposed to iodine overload through contrast medium in imaging studies or to iodine in
topical agents. Rare causes of neonatal hyperthyrotropinemia are transplacental passage of
thyroid-blocking antibodies and antithyroid drugs from mother to fetus in maternal autoim‐
mune diseases. Genetic etiologies include TSH resistance (RTSH), mainly due to mutations in
TSHR. Additional inherited defects include mutations in DUOX2, PAX8, TTF-1 and GNAS1.
Long-term follow-up and laboratory and imaging evaluation are needed to define the specific
etiology and to select the appropriate clinical approach in each case. Sakka et al. (2009) reported
significant elevations in TSH levels in children born after in-vitro fertilization. The authors
hypothesized that this might represent an epigenetic developmental abnormality related to
preimplantation manipulation of the embryo.
3.2. Maturation of thyroid hormone metabolism
Fetal thyroid develops under the influence of increasing TSH levels during the last half of
gestation. Serum TSH increases from low levels at 18 weeks to a peak of 7–10 mU/l at term.
Fetal hypothalamic–pituitary feedback matures during the second trimester (Fiser & Klein,
1981; Fisher & Polk, 1989; Rakover et al., 1999). More recent studies sampling fetal cord blood
have shown measurable TSH levels at as early as 15 weeks gestation which peak in the second
trimester and then plateau at that level until term (Hume et al., 2004; Thorpe-Beeston et al.,
1991). At birth, in response to extrauterine exposure, there is acute release of TSH (TSH surge)
that peaks at a concentration of about 70 mU/l at 30 min and remains elevated for 3 to 5 days
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after birth. The increase in FT4 levels at birth is TSH-dependent. Increased FT4 secretion
continues for 1 to 2 months after birth. Normal pediatric age-dependent references for thyroid
hormones have shown TSH concentrations as high as 9.64 mIU/l in the first months after birth,
suggesting that hyperthyrotropinemia in the first year of life reflects normal phenomena and
does not necessarily require further evaluation or therapy (Hübner et al., 2002).
3.3. Maternal Autoimmune Thyroid Diseases (AITDs)
Transplacental transfer of thyroid-stimulating antibodies (TSAbs) and TSH binding inhibitor
antibodies (TBIAbs) from mother to fetus has been described in the presence of maternal
AITDs. In maternal Graves’ disease, the infant is at risk for congenital hyperthyroidism
(Ogilvy-Stuart et al., 2002), CH and euthyroid hyperthyrotropinemia (Fu et al., 2005). Fu et al.
(2005) reported on 78 mothers with AITDs; about half of their babies had transient hyperthyr‐
otropinemia, seven had overt hypothyroidism and one had hyperthyroidism (Fu et al., 2005).
The severity of the clinical presentation correlated with the levels of maternal autoantibodies.
Congenital hyperthyroidism resulted from maternal transfer of TSAbs. Transient CH or
hyperthyrotropinemia resulted from the mother consuming anti-thyroid drugs such as
metimazole and propylthiouracil, which have a short half life of a few days (Cheron et al.,
1981), and from transplacental transfer of TBIAbs, which are eliminated from the infant’s
serum after a few months in parallel to the elimination of maternal immunoglublulins.
Papendieck et al. (2009) described 28 newborns of mothers with Graves’ disease diagnosed
with neonatal hyperthyroidism (9 newborns), primary hypothyroidism (14) and central
hypothyroidism (5). Spontaneous remission was shown in all of the affected babies between
16 days and 8 months apart from 2 babies who had permanent hypothyroidism. The authors
concluded that infants born to mothers with Graves’ disease should be assessed by a pediatric
endocrinologist to better identify thyroid diseases in the offspring. In maternal Hashimoto's
thyroiditis, the infant is at risk for transient CH or hyperthyrotropinemia due to transplacental
transfer of TBIAbs. To determine the incidence of transient CH due to TRAbs, all dried neonatal
blood specimens from the neonatal screening in North America were screened for TRAbs
(Brown et al., 1996) and only 2% of babies diagnosed with CH were positive for TRAbs,
suggesting that maternal AITD is a rare etiology of CH. The occurrence of transient hypothyr‐
oidism due to maternal Hashimoto's thyroiditis was reported mainly as a case report
(Matsuura et al.,1980; Zakarija et al., 1990; Wada et al., 2000). We described transient CH in
three siblings born to a mother with well-controlled Hashimoto's thyroiditis with extremely
high levels of TBIAbs (Rakover et al., 1990). The baby had high TBIAbs concentrations and as
reflected by sequential serum measurements, these antibodies disappeared after 4 months. In
one sibling, the thyroid gland was absent in a 99mTC scan performed on the first days of life
but repeated scan after the age of 2 years, revealed a gland of normal size and position. Absence
of distal femoral epiphysis at birth was shown. Interestingly, the three siblings had minor
abnormal neurological signs in late childhood such as dyslexia, attention deficit disorder and
coordination disorders. These neurological findings, along with the lack of distal femoral
epiphysis at birth, suggested in-utero fetal hypothyroidism. A less favorable intellectual
outcome was reported in babies with transient CH born to mothers positive for TBIAbs
compared to babies with permanent hypothyroidism of other etiologies, especially if unrec‐
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ognized maternal hypothyroidism was present in utero (Matsuura et al., 1990; Wada et al.,
2000). Our findings as well as other reports raised the dilemma of whether prenatal follow-up,
after umbilical cord blood sampling and intra-amnionic L-T4 injections, if indicated, is required
to prevent late neurological sequels in these cases (Abalovich et al., 2007; De Groot et al.,
2012; Wada et al., 2000). It is recommended that all babies born to mothers with AITDs be
reviewed in the first 3 days of life and a thyroid function test be taken to identify those babies
with transient CH that require L-T4 therapy, or babies with congenital hyperthyroidism
requiring anti-thyroid drugs (Ogilvy-Stuart et al., 2002). The approach for in-utero treatment
of fetal thyroid disease is still a matter of debate (De Groot et al., 2012).
3.4. Exposure to iodine
Abnormal thyroid function due to either iodine deficiency or iodine overload has been
described in prenatal and postnatal periods. In cases of iodine overload, the Wolff-Chaikoff
mechanism blocks the uptake of iodine by the thyroid gland resulting in reduced T4 production
and in turn increased TSH secretion via a negative feedback mechanism. Sava et al. (1984)
showed that newborns from areas of iodine deficiency in Sicily were at higher risk for
hyperthyrotropinemia; the increase in risk was related to the degree of iodine deficiency as
reflected by iodine cord blood measurements. On recall, only two patients were diagnosed
with CH which required L-T4 therapy for as long as 1 year. The authors suggested the need
for maternal iodine prophylaxis therapy in areas of endemic iodine deficiency. Transient
thyroid function abnormalities have also been observed in neonates born to mothers with
excessive iodine intake. Maternal iodine exposure was reported accompanying excess iodine
in the diet (Nishiyama et al., 2004), use of iodine compounds such as povidone iodine in topical
applications, exposure to contrast medium during pregnancy and the use of antiseptic agents
in obstetric departments (Grüters et al., 1983). Prenatally, maternal iodine crosses the placenta
and concentrates in the fetal thyroid gland, whereas postnatally, the newborn is exposed to
iodine through the breast milk (Chanoine et al., 1988; Koga et al., 1995). Premature babies are
particularly susceptible to iodine-induced hypothyroidism due to immaturity of the thyroid–
pituitary negative feedback mechanism and to higher exposure to iodine-containing agents in
intensive care (Delange et al., 1984). Uses of iodine in Cesarean sections and in neonatal
intensive care units are additional causes for newborn iodine overload and therefore it is
recommended to avoid iodine compounds in deliveries and in the neonate intensive care units.
In newborns, exposure to iodine may be attributed to umbilical iodine application as well.
Iodine overload may cause either transient hyperthyroidism with symptoms of tachycardia
and failure to gain weight (Rakover & Adar, 1989) or may present as CH or persistent hyper‐
thyrotropinemia. Nishiyama et al. (2004) described 15 babies with transient CH or persistent
hyperthyrotropinemia born to mothers in Japan who consumed a high iodine diet during their
pregnancies; among them, 12 babies were treated with L-T4. The authors recommended that
food be labeled with their precise amount of iodine to avoid high intake of iodine by pregnant
women. CH and hyperthyrotropinemia in cases of iodine overload or deficiency are transitory;
however, whether transient hypothyroidism or hyperthyrotropinemia can result in permanent
neurological sequels in these cases is not clear, and it is therefore recommended that sort-term
L-T4 therapy be considered on an individual basis.
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4. Genetic etiology of SCH
4.1. TSH Resistance syndrome (RTSH)
RTSH is a condition in which thyroid cells show reduced sensitivity to TSH. This condition is
characterized by elevated serum TSH concentration, a normal or hypoplastic thyroid gland
and normal to very low levels of thyroid hormones (Refetoff, 2003). The diagnosis of RTSH
defect is based on the absence of thyroid antibodies, a lack of goiter, measurable serum
thyroglobulin, and familial occurrence of hyperthyrotropinemia or hypothyroidism. Most of
the cases of RTSH are attributed to mutations in the TSHR but in many cases, no such mutations
were found, suggesting that additional genes are associated with RTSH syndrome (Xie et al.,
1997). The diagnostic work-up of RTSH should exclude PAX8 mutations, which are charac‐
terized by thyroid dysgenesis associated with kidney abnormalities (Grüters et al., 2003; Park
& Chatterjee, 2005) and mutations in GNAS1, which encodes Gsα subunit, causing pseudo‐
hypoparathyroidism (PHP). Another form of RTSH is an autosomal dominantly inherited
disease characterized by euthyroid hyperthyrotropinemia, for which the specific gene has not
yet been identified. This condition has been linked to a locus on chromosome 15q25.3-26.1
(Grasberger et al., 2005). Loss-of-function mutations of DUOX genes are an additional cause
for transient hyperthyrotropinemia.
4.2. TSH Receptor (TSHR)
Loss-of-function mutations in TSHR manifest with a variable clinical spectrum of phenotypes
ranging from severe uncompensated RTSH presenting with CH, or partially compensated
RTSH presenting with SCH or even with normal thyroid function (for review see TenenbaumRakover, 2012). CH is commonly detected by TSH-based neonatal screening but may missed
by total T4 (TT4)-based screening since, in many cases, TT4 levels are within the normal range
at birth. The degree of CH is variable and depends on the genotype. Severe forms manifest as
overt CH; moderate forms manifest as hypothyroidism identified by neonatal screening
without clinical symptoms of hypothyroidism and mild forms present with hyperthyrotropi‐
nemia and normal thyroid hormone levels. Most of the described cases of CH are detected by
neonatal screening with elevated TSH and normal TT4 levels, but without any clinical symp‐
toms or signs of hypothyroidism (de Roux et al., 1996; Tenenbaum-Rakover et al., 2009).
Nevertheless, L-T4 therapy is initiated in most cases to prevent future consequences of
untreated CH. At the age of 2 to 3 years, when L-T4 is withdrawn, thyroid hormones remain
low in the severe mutations; however in milder mutations, despite extremely elevated TSH
levels, thyroid hormone levels are normal, indicating compensated hypothyroidism (Tenen‐
baum-Rakover et al., 2009). 99mTC scan commonly reveals a normal or hypoplastic gland but
in some cases, an absence of thyroid gland has been demonstrated, suggesting thyroid
agenesis. On the other hand, the presence of detectable thyroglobulin as well as the demon‐
stration of a thyroid gland in the normal position in ultrasonographic imaging exclude thyroid
agenesis and indicate a diagnosis of RTSH. The affected patients who are not identified by
neonatal screening are commonly identified by routine laboratory tests in childhood or even
as adults and are commonly asymptomatic. Most of the described cases are heterozygous for
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TSHR mutations, but biallelic mutations have been reported as well. To date, about 50 different
TSHR mutations have been reported, presenting with a spectrum of phenotypes ranging from
overt CH to mild euthyroid hyperthyrotropinemia. Subjects with euthyroid hyperthyrotropi‐
nemia commonly have stable TSH levels and do not develop overt hypothyroidism with time.
The phenotype correlates with the genotype as the latter is reflected in the severity of hyper‐
thyrotropinemia and the decrease in FT4 levels. Screening for TSHR mutations should be
considered in individuals with apparent nonautoimmune SCH. In view of the variability in
phenotypes and outcomes among individuals with this condition, careful long-term followup is recommended and replacement therapy should be considered on an individual basis
according to thyroid hormone levels in the clinical context. In cases with loss-of-function
mutations in TSHR presenting with CH, early initiation of L-T4 therapy is recommended to
prevent late-effect consequences of hypothyroidism as in other etiologies of CH. However,
withdrawal of L-T4 at the age of 2 to 3 years revealed transient hypothyroidism in some cases,
putting the need for lifelong replacement therapy into question (Alberti et al., 2002; Tenen‐
baum-Rakover et al., 2009). SCH caused by TSHR mutations with mild to moderate loss of
function maintains stable compensated RTSH and may not necessitate thyroid hormone
replacement. Moreover, most patients with RTSH do not present with symptoms of hypo‐
thyroidism or with biochemical parameters of uncompensated hypothyroidism, such as
elevated creatinine phosphokinase (CPK) and liver enzymes and hyperlipidemia (Tenen‐
baum-Rakover et al., 2009). The presence of normal FT4 levels argues against the need for
replacement treatment, especially when inadvertent overtreatment, producing subclinical
hyperthyroidism, can have undesirable effects (Samuels et al., 2008). Contrasting with this
approach, it has been shown that some subjects with RTSH have a slight decrease in FT4 levels
compared to controls, although remaining within the normal range, which may point to a
condition of compensated hypothyroidism in these affected patients. In addition, the possi‐
bility of secondary pituitary enlargement in patients with extreme hyperthyrotropinemia may
support L-T4 replacement therapy. In view of the variability in phenotypes for the different
types of mutations, as well as between individuals with the same genotypes, it is recommended
that careful follow-up and cautious administration of L-T4 be considered based on individual
thyroid hormone levels in the clinical context.
4.3. Pseudohypoparathyroidism (PHP)
Loss-of-function mutations in GNAS1, which encodes Gsα subunit, cause PHP and lead to a
syndrome of resistance to multiple G-coupled receptor hormones. Resistance to parathyroid
hormone (PTH) is the main feature of PHP (Mantovani, 2011; Mantovani et al., 2002). RTSH is
commonly clinically manifested during childhood or adulthood but may present at birth as
CH identified by neonatal screening. In most cases, hypothyroidism is mild and may present
with hyperthyrotropinemia for long durations without any clinical symptoms of hypothyr‐
oidism. 99mTC scan generally demonstrates a hypoplastic gland in a normal position but
absence of a thyroid gland, demonstrated by ultrasonographic imaging, has been reported as
well. SCH is the presenting laboratory finding of PHP in many cases. RTSH is commonly found
in PHP-Ia but is also reported in PHP-Ib. The phenotype of patients with PHP-Ia includes
Albright osteodystrophy presenting with brachydactyly, round face, short stature, central
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obesity, subcutaneous ossifications and variable degree of mental retardation. Clinicians
should be aware of this rare syndrome; in those cases of SCH occurring in obese subjects or
with Albright osteodystrophy phenotype, PHP should be suspected and further hormonal and
molecular evaluations should be considered.
4.4. Dual Oxidase maturation factor (DUOX)
Loss-of-function mutations in DUOX have been reported in children with CH and in transient
hyperthyrotropinemia of the newborn (De Marco et al., 2011; Hoste et al., 2010; Maruo et al.,
2008; Moreno et al., 2002). Hydrogen peroxide (H2O2) is an essential co-substrate for oxidation
of iodine and iodination of thyroglobulin by the thyroid peroxidase (TPO) enzyme. DOUX1
and DOUX2 proteins have a crucial role in H2O2 generation and therefore in thyroid hormone
synthesis. The structure of these proteins includes seven putative transmembrane domains.
Moreno et al. (2002) showed that biallelic mutations of DUOX2 result in organification defect
presenting with permanent CH, whereas monoallelic mutations result in transient CH or
hyperthyrotropinemia (OMIM#606758) (Moreno et al., 2002). In contrast, sequencing of
DUOX2 in Japanese children diagnosed with transient congenital hyperthyrotropinemia
revealed eight novel mutations of the DUOX2 gene, all with biallellic mutations (Maruo et al.,
2008). The authors concluded that even complete inactivation of DUOX2 causes transient, but
not permanent CH, due to the presence of DUOX1, which maintains the supply of H2O2
required for oxidation after the neonatal period. However, late onset of hypothyroidism or
SCH may appear in adulthood during periods of increased requirement for thyroid hormones,
such as in pregnancy (Ohye et al., 2008). The organification defect is characterized by normal
position and location of the thyroid gland in a 99mTC scan, high iodine uptake with partial
positive perchlorate discharge test. Goiter may be present or develop over time (Moreno et al.,
2002; Ohye et al., 2008).
4.5. Thyroid dysgenesis
Three transcription factors have been identified as involved in thyroid development: TTF-1,
TTF-2 and PAX8. The discovery of these transcription factors in a knockout mouse model was
followed by descriptions of the phenotypes in humans. Human mutations in TTF-2 are very
rare and present with CH, cleft palate and spiky hair (OMIM#602617). Patients with TTF-1 and
PAX8 mutations present with either CH or persistent congenital hyperthyrotropinemia; the
former are associated with lung and neurological involvement while the latter are associated
with kidney abnormalities.
4.5.1. TTF-1 mutations
TTF-1, also known as NKX2.1, is a transcription factor involved in thyroid development. Ttf1null mice were born dead, lacking a thyroid gland, lung parenchyma and pituitary gland, and
with severe defects in the ventral forebrain. Heterozygous mice presented a euthyroid
phenotype with reduced motor-coordination skills (Park & Chatterjee, 2005). In humans, TTF-1
mutations have been reported in children presenting with SCH, lung involvement presenting
with neonatal respiratory distress and neurological involvement presenting with hypotonia,
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persistent ataxia, dysarthria, microcephaly, choreathetosis and developmental delay (OMIM
#600635). TTF-1 mutations are inherited in an autosomal dominant manner. Patients present
with variable thyroid phenotypes ranging from permanent severe CH to persistent congenital
hyperthyrotropinemia resembling RTSH (Devriendt et al., 1998; Krude et al., 2002; Pohlenz et
al., 2002) with hypoplasticity or agenesis of the thyroid gland or the gland in a normal position
(Krude et al., 2002). TTF-1 mutations may also present with isolated benign hereditary chorea
without thyroid phenotype (Breedveld et al., 2002).
4.5.2. PAX8 mutations
PAX8 is thyroid transcription factor which is a key gene in mammalian embryonic develop‐
ment. Homozygous Pax8-null mice die shortly after weaning and their survival is dependent
on thyroxin replacement therapy. Mutations in the PAX8 gene in humans are characterized
by thyroid dysgenesis associated with kidney abnormalities (Damante 1998; Grüters et al.,
2003; Narumi et al., 2011; Park & Chatterjee, 2005; Vilain et al., 2001) inherited in an autosomal
dominant manner (OMIM#167415). The thyroid gland is hypoplastic (Vilain et al., 2001) or in
an ectopic location. Partial organification defect and partial iodide transport defect have been
reported (Jo et al., 2010). To date, 31 mutations have been described in the PAX8 gene,
presenting as permanent CH or as mild SCH (Narumi et al., 2011; Narumi et al., 2012).
Screening for PAX8 gene mutations in 300 Chinese patients with CH revealed only two subjects
with heterozygous PAX8 mutations, suggesting that PAX8 mutation is a very rare etiology for
CH (Liu et al., 2012).

5. Outcome of neonatal hyperthyrotropinemia
Neonatal hyperthyrotropinemia may be transitory or permanent. Transient congenital
hyperthyrotropinemia has been shown in iodine deficiency or due to iodine overload and in
both of these cases, full recovery is expected within days to a month after the cause has been
removed. In maternal AITD, TRAbs disappear within 4 to 8 months. A less favorable intellec‐
tual outcome was reported in these cases, probably due to in-utero fetal hypothyroidism
(Matsuura et al., 1990; Wada et al., 2000). In cases of persistent congenital hyperthyrotropine‐
mia, minor thyroid abnormalities (Calaciura et al., 2002; Daliva et al., 2000; Leonardi et al.,
2008; Miki et al., 1989; Zung et al., 2010) have been reported in late childhood. Longitudinal
studies assessing the outcome of subjects with neonatal hyperthyrotropinemia have shown a
prevalence of 50% SCH with morphological alterations of the thyroid in early childhood (3
years) (Calaciura et al., 2002), which decreases in follow-up to 30% in late childhood (8 years),
suggesting that persistent hyperthyrotropinemia represents minor congenital thyroid abnor‐
malities (Leonardi et al., 2008). In about 50% of the subjects morphological, immunological or
genetic abnormalities were found. A high rate of thyroid autoantibodies was identified at the
age of 2 to 3 years in about 25% of the subjects (Calaciura et al., 2002); morphological changes
such as enlarged or hypoplastic thyroid gland or its hemiagenesis were shown in 10% of the
cases. Zung et al. (2010) showed that subjects with persistent vs. transient hyperthyrotropine‐
mia had a higher rate of abnormal thyroid imaging and therefore thyroid imaging was
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recommended to distinguish between the persistent and transient forms. Moreover, genetic
analysis revealed heterozygous mutations of TPO and TSHR (Calaciura et al., 2002) in about
5% of the children with SCH following transient neonatal hyperthyrotropinemia. These
findings indicate that hyperthyrotropinemia at birth may represent an inherited thyroid
disease that interferes with thyroid hormone synthesis or thyroid genesis. In contrast to these
studies, Köhler et al. (1996) showed no increase in the risk of thyroid abnormalities and normal
neurological development as well as normal growth in children with hyperthyrotropinemia
at birth; they therefore recommended avoiding longitudinal surveys of these children to
prevent parents' anxiety (Köhler et al., 1996). In summary, neonatal hyperthyrotropinemia
may be persistently associated with either autoimmune disease, inherited thyroid hormone
synthesis defects or morphological changes, and therefore long-term follow-up throughout
childhood is recommended in cases where TSH levels are persistently above the normal range
during the first year of life.

6. Pediatric-age-dependent thyroid hormone reference
The commonly available normal reference range provided by commercial companies for
thyroid hormone levels in routine laboratories is for adults. Using this may result in an
erroneous interpretation of the results of thyroid function in children. Moreover, great
variability exists between the pediatric references published in the literature (Elmlinger et al.,
2001; Hübner et al., 2002; Kapelari et al., 2008; Soldin et al., 2009; Strich et al., 2012; Zurakowski
et al., 1999). The variability in the normal reference range is attributed to different types of
assays, different ethnic and age groups and different sample sizes. Even in the same assay,
different laboratories can provide different normal ranges (Hübner et al., 2002; Kapelari et al.,
2008; Strich et al., 2012). The variability between assays results from the different standards,
antibodies and methods used [two-site immunoassay commonly gives lower results than
radioimmunoassays (RIAs)]. Furthermore, the references established for children in different
age groups make use of different populations; for example, hospitalized children (Hübner et
al., 2002; Kapelari et al., 2008) have lower FT3 concentration due to non-thyroidal illness,
whereas references using routine laboratory samples (Strich et al., 2012) may include samples
from children bearing unidentified thyroid diseases, which may cause an upward bias in the
TSH levels. Despite these limitations, it is still clear that childhood references are very different
from adult references. Strich et al. (2012) showed that in 11,000 samples of children aged 0 to
18 years taken from a routine laboratory database, the upper limit of TSH was 1 mIU/ml above
the provided reference and the lower normal range of FT3 was 0.5 to 2 pmol/l higher than the
reference. Hübner et al. (2002) analyzed thyroid hormone levels in children with the ADVIA®
Centaur TM analyzer. They showed elevated TSH levels in the first year of life with an upper
limit of 9.64 mIU/l, which decreased gradually to 4.9 mIU/l at the age of 18 years. The same
trend was shown with FT4, decreasing from 17.2 to 14.7 pmol/l from 1 to 18 years of age. The
upper limit of FT3 levels showed the same, albeit less pronounced trend, from 8.2 to 6.63 pmol/
l. The authors suggested using continuous-age-dependent reference ranges in children who
show better agreement with biological reality, as these are more reliable than discontinuous
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reference ranges. No significant sex-specific effects on age-adjusted hormone levels were
shown (Hübner et al., 2002; Kapelari et al., 2008). In recent years, there has been some contro‐
versy regarding the normal TSH range for adult populations following the laboratory guide‐
lines from the National Academy of Clinical Biochemistry, indicating that 85% of normal adult
individuals have TSH levels below 2.5 mIU/l. These findings raised a debate over whether
subjects with TSH levels above 2.5 mIU/l have SCH and should be further followed-up by
repeated TSH measurements (Surks et al., 2004; Wartofsky & Dickey, 2005). In summary, agedependent references should be used to interpretate thyroid functions in childhood. Hyper‐
thyrotropinemia as high as 6.0 mIU/l (Hübner et al., 2002) with normal thyroid hormone levels
and without clinical symptoms, during the first months of life can be considered within the
upper normal limit for age and therefore not requiring L-T4 therapy. Follow-up with repeated
thyroid function tests is recommended in cases of persistent hyperthyrotropinemia to identify
those infants which may develop late onset overt hypothyroidism.

7. Laboratory pitfalls
In about 0.5 to 5% of patient samples, hyperthyrotropinemia with normal thyroid hormone
levels results from laboratory interference (Ismail et al., 2002). Such interference includes the
presence of heterophilic antibodies, rheumatic factor (RF), autoimmune antithyroid hormone
antibodies and the presence of macro-TSH.
7.1. Heterophilic antibodies
Heterophilic antibodies are antibodies produced against poorly defined antigens of various
animal immunoglobulins. The best known heterophilic antibodies are human antimouse
antibodies (HAMAs). Since immunometric assays use animal antihuman antibodies, the
presence of human antimouse immunoglobulins in an individual's serum could interfere with
the antigen–antibody binding reaction, resulting in falsely high or low hormonal levels. This
interference is very rare in competitive RIAs but well recognized in the two-site sandwich
immunometric assays (Després & Grant, 1988; Halsall et al., 2009; Kaplan & Levinson, 1999).
High false-positive results are commonly reported in the latter, whereas false low levels are
reported in competitive RIAs. High levels of α-fetoprotein, human chorionogonadotropin,
follicle-stimulating hormone, luteinizing hormone, ferritin and tumor markers were described
in TSH measurements secondary to the presence of heterophilic antibodies. Since TSH is
commonly measured in routine evaluations for various medical complaints, elevated TSH
level due to the presence of heterophilic antibodies is not a rare finding. Transient neonatal
hyperthyrotropinemia identified by neonatal screening was reported by Czernichow et al.
(1981), attributed to maternal heterophilic antibodies. The antibodies disappeared from the
circulation within 2 months in the infants and within 4 to 6 months in the mothers (Czernichow
et al., 1981). When heterophilic interference is suspected, further evaluation is indicated. The
first step is to assess the sample using other immunoassays with different antibodies. The
sample should be remeasured after dilution (Ross et al., 2008). Nonlinearity in sample dilution
indicates the presence of laboratory interference. Preincubation of a patient’s sample with
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antiheterophilic tube or mouse serum confirms the diagnosis of heterophilic antibodies. The
clinician should be aware that hyperthyrotropinemia with normal thyroid hormone levels and
without clinical symptoms of hypothyroidism in the newborn or in childhood may be the result
of interference by heterophilic antibodies. The diagnosis of hyperthyrotropinemia due to
heterophilic antibodies cancels the need for further expensive laboratory and imaging
investigations and avoids unnecessary L-T4 therapy.
7.2. Thyroid hormone autoantibodies
Thyroid hormone autoantibodies are present in about 1 to 7% of patients with autoimmune
thyroid diseases, mainly Graves’ disease. Antibodies against thyroglobulin and thyroid
peroxidase are very common in Hashimoto's thyroiditis and Graves’ disease; however,
antibodies against thyroid hormones T3 and T4 are less common and anti-TSH autoantibodies
are even rarer. The presence of thyroid hormone autoantibodies interferes with the assay
procedure, giving higher hormonal levels (Després & Grant, 1998). We had one case of a 16year-old girl with Graves’ disease (unpublished data) who presented with severe symptoms
of hypothyroidism, 4 months after 8 mCi of I-131 therapy, with bradycardia and excessive
weight gain. Thyroid function was confusing, with extremely high TSH 136 mIU/dl (0.35–5.5
mIU/dl), extremely high FT4 > 6 (0.88–12.76 ng/ml); low FT3 30 ng/dl (60–180 ng/dl) and
extremely high thyroid stimulating immunoglobulin (TSI) 164 IU/l, anti-TPO > 1000 U/ml and
antithyroglobulin > 3000 U/ml. Measuring FT4 in another assay using different antibodies
revealed low FT4, confirming the clinical diagnosis of hypothyroidism post-radioactive iodine
therapy. The increase in FT4 and TSI concentrations was associated with the autoimmune
overreaction post-I-131 therapy with production of anti-FT4 autoantibodies. This case demon‐
strates the importance of being aware of the existence laboratory interferences for making
correct clinical decisions.
7.3. Macro-TSH
Macro-TSH is a macromolecule that is formed when anti-TSH IgG combines with a TSH
molecule. Due to their large size, these macromolecules are less efficiently cleared from the
circulation by the kidneys, and therefore accumulate in the serum. Since they are nonfunc‐
tioning, they have no clinical significance and therefore may lead to unnecessary therapy. This
condition is commonly described in patients with asymptomatic hyperprolactinemia caused
by macroprolactinemia (Batista et al., 2012). Macro-TSH is rarer than macroprolactinemia with
only about 13 cases described to date (Halsall et al., 2006; Loh et al., 2012; Mendoza, 2009;
Newman et al., 2006; Rix et al., 2011; Sakai et al., 2009). The presence of macro-TSH should be
suspected when the patient is asymptomatic and has elevated TSH level which does not
correlate with additional thyroid function. Nonlinearity when the subject’s serum is diluted
indicates the presence of interfering antibodies. The presence of macro-TSH is proven by
adding polyethylene glycol (PEG) to the patient’s serum. Recovery results less than 50 to 30%
of the pre-PEG results indicate the presence of macro-TSH. The diagnosis of macro-TSH is
confirmed by gel-filtration chromatography but this technique is not routinely available. The
presence of macro-TSH is not part of AITD or autoimmunity. Misdiagnosis of CH identified
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by TSH-based neonatal screening was described in newborns which were later found to have
macro-TSH of maternal origin (Halsall et al., 2006; Newman et al., 2006; Rix et al., 2011). It is
suggested that maternal TSH levels be measured in cases of euthyroid neonates with elevated
serum TSH and normal thyroid hormone. When maternal TSH is persistently elevated, the
presence of macro-TSH should be considered. Further analysis, including recovery with PEG,
is indicated to avoid unnecessary L-T4 treatment. Macro-TSH spontaneously disappears from
the infant's serum at the age of 6 to 8 months in parallel with the elimination of maternal
immunoglobulins.
In summary, clinicians should be aware of false laboratory results attributed to interference in
the immunoassay methods, mainly in evaluating euthyroid hyperthyrotropinemia. In cases in
which there are discrepancies between the clinical presentation and the laboratory results,
antibody interference should be suspected. This may be followed up by further laboratory
evaluation. Accurate diagnosis leads to a better clinical approach and may allow avoiding
unnecessary treatment.

8. Obesity and hyperthyrotropinemia
Obesity in children has become a great medical concern in the last two decades. Thyroid
function tests are part of the diagnostic work-up in children who are overweight or obese.
Moderate elevation in TSH levels in up to 20% of obese children has been demonstrated in
many studies (Eliakim et al., 2006; Grandone et al., 2010; Reinehr, 2011; Reinehr et al., 2006;
Shalitin et al., 2009). Among them, only 7 to 20% showed positive thyroid autoantibodies
(Eliakim et al., 2006; Grandone et al., 2010). It has been speculated that hyperthyrotropinemia
in obesity is a result of elevated leptin which stimulates the hypothalamic–pituitary–thyroid
axis (Reinehr, 2011). The question is whether the elevation in TSH is the cause for or a
consequence of obesity and whether it merits treatment with L-T4. Reiter et al. (2006) did not
find any association between hyperthyrotropinemia and lipid profile, whereas Shalitin et al.
(2009) showed a positive correlation between hyperthyrotropinemia and waist circumference
and triglyceride levels, supporting the need to treat those children. The fact that hyperthyro‐
tropinemia was accompanied by normal FT4 and elevated FT3 levels (Reinehr et al., 2006)
disagrees with the hypothesis of SCH as the cause for obesity in these children. Moreover,
weight loss led to a significant reduction in TSH levels (Eliakim et al., 2006; Grandone et al.,
2010; Reinehr et al., 2006) and L-T4 therapy had no significant influence on body weight or
lipid profile (Eliakim et al., 2006). Most of the studies agree that hyperthyrotropinemia in
obesity is a consequence rather than a cause, and therefore L-T4 therapy is unnecessary in obese
children (Eliakim et al., 2006; Grandone et al., 2010; Reinehr, 2011; Reinehr et al., 2006).

9. Autoimmune Thyroid Disease (AITD) — Hashimoto's thyroiditis
Hashimoto's thyroiditis is characterized by the presence of thyroid autoantibodies [antithyroid peroxidase (TPO) and anti-thyroglobulin (TG)], with or without goiter. This condition
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is characterized by hypoechogenicity of the thyroid gland in ultasonographic imaging and
lymphocytic infiltration of the gland in fine-needle aspiration. The disease commonly appears
in adolescence, with predominantly females affected. Among children with acquired hypo‐
thyroidism, 66% had AITD (Hunter et al., 2000), and about 30% to 50% had a family history of
thyroid diseases (de Vries et al., 2009). The risk of overt hypothyroidism in adults with thyroid
autoantibodies is estimated at 4.3% per year (Vanderpump & Tunbridge, 2002); however, there
are only a few pieces of data on the natural history of Hashimoto's thyroiditis in children
(Gopalakrishnan et al., 2008; Jaruratanasirikul et al., 2001; Moore, 1996; Radetti et al., 2006;
Rallison et al., 1991). Hypoechogenicity of the thyroid gland in ultrasound imaging is a useful
tool for the diagnosis of AITD (Marcocci et al., 1991; Pedersen et al., 2000; Wolgang et al., 2002),
showing higher sensitivity than the thyroid autoantibody tests (100 vs. 63.3%) (Rago et al.,
2001). Marwaha et al. (2008) showed that among children with hypoechogenic appearance of
the gland, 41.4% were positive for FNA, 30.6% were positive for TPO antibodies and 46.8%
showed abnormal thyroid function. They concluded that ultrasound echogenicity is useful
tool for the diagnosis of AITD in children but less sensitive compared to adults (Marwaha et
al., 2008). Moreover, the occurrence of hypoechogenicity has been found to predict evolution
toward hypothyroidism over time in euthyroid subjects (Marcocci et al., 1991; Rago et al.,
2001). Disagreement also exists with regard to the criteria for L-T4 therapy in childhood SCH
(de Vries et al., 2009; Padberg et al., 2001; Radetti et al., 2006; Svensson et al., 2006). Thyroid
function in Hashimoto's thyroiditis in children at presentation is variable. Özen et al. (2011)
found that 36.7% of children were euthyroid, 32.7% had SCH, 16.6% were hypothyroid, 7.9%
had subclinical hyperthyroidism and 5.9% presented with hyperthyroidism (Hashitoxicosis)
(Özen et al., 2011). The main complaint was goiter presenting in 57.85% of patients, most of
which were female (5.7:1, F:M). Similar findings were found by others showing that about 70%
of children are either euthyroid or have SCH (Demirbilek et al., 2007; de Vries et al., 2009;
Skarpa et al., 2011). Moore (1996) showed a benign course of SCH in children and adolescents
with AITD and therefore suggested careful follow–up rather than treating them empirically.
Gopalakrishnan et al. (2008) found that only 12.5% of children with either goiterous euthyroid
or SCH develop overt hypothyroidism within 2 years. In contrast, Jaruratanasirikul et al.
(2001) showed that 50% of subjects with SCH develop overt hypothyroidism within 5 years,
supporting the need for long-term monitoring of thyroid function in patients with thyroid
autoantibodies. de Vries et al. (2009) suggested that L-T4 therapy of euthyroid children with
AITD, if appropriately monitored, is not harmful and may even be beneficial. Further benefit
consisted of reducing thyroid volume in those patients with goiter with or without overt
hypothyroidism (Svensson et al., 2006). Padberg et al. (2001) demonstrated that prophylactic
L-T4 therapy of patients with euthyroid AITD reduces both serological and cellular markers
of autoimmune thyroiditis, indicating that L-T4 therapy might be useful for stopping progres‐
sion of the disease. In contrast, the findings in an adult population that unnecessary long-term
thyroxine therapy or overdose is associated with increase risk for osteopenia, cardiac disease
and other harmful effects (Samuels et al., 2008) argues against regular therapy in children with
AITD-associated SCH.
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10. Natural history
The annual rate of progression of SCH to overt hypothyroidism (elevated TSH with low
thyroid hormones) in an adult population was 4.3% in women with positive thyroid autoan‐
tibodies and only 2% when antibodies were negative (Biondi & Cooper, 2008). Huber et al.
(2002), in a prospective study, found that 28% of women with SCH developed overt hypo‐
thyroidism after 10 years of follow-up. In children, the risk for progression to overt hypothyr‐
oidism is less common and recovery is more frequent. About 25% of subjects with goiterous
thyroiditis had spontaneous remission and 33% developed hypothyroidism over 20 years of
follow-up (Rallison et al., 1991). Radetti et al. (2006) showed, retrospectively, in 160 children
with AITD in an over 5-year follow-up that abnormal thyroid functions occur in 34.3% at
presentation whereas 47.55% had abnormal thyroid function at last visit. However, 10% of
patients with SCH became euthyroid. TSH concentrations showed large fluctuations over time.
The presence of goiter and elevated thyroid autoantibodies at presentation together with an
increase in thyroid autoantibodies and TSH levels in the course of the follow-up were predic‐
tive factors for development of overt hypothyroidism. After 5 years, more that 50% became or
remained euthyroid, and therefore a poor predictive outcome could be shown in individual
patients. The authors suggested that medical therapy should be considered only when
significant deterioration of thyroid function appears (Radetti et al., 2006).

11. Treatment
The dilemma of whether to treat children with SCH is a matter of debate. The risk of developing
overt hypothyroidism in an adult population with SCH was estimated at between 2 to 4.3%
per year, with higher occurrence in patients with positive thyroid autoantibodies and increased
TSH at presentation (Vanderpump & Tunbridge, 2002). In adults, despite extensive studies
and discussion, two different approaches still exist; one expert panel reviewed the available
evidence and concluded that patients with TSH above 10 mIU/l with normal FT4 levels may
be treated, whereas subjects with TSH between 4.5 and 10 mIU/l should be followed-up
without treatment considering the adverse effects of L-T4 on mineral health and heart and the
lack of evidence to support the benefits of the treatment (Surks et al., 2004). On the other hand,
a joint statement of experts from three endocrine societies (American Association of Clinical
Endocrinologists, American Thyroid Association, Endocrine Society) recommended treatment
of subjects with TSH between 4.5 and 10 mIU/l, arguing that lack of evidence does not
necessarily mean lack of benefit (Gharib et al., 2004). Moreover, in view of the recent suggestion
to revise the reference range for adult TSH from 0.3 to 3 mIU/l by the National Health and
Nutrition Examination Survey in United States, indicating that values above this range can be
considered early thyroid failure, additional subjects will be included in the range of TSH within
which thyroxine therapy is justified (Hollowell et al., 2002). In children, most of the subjects
with SCH remain euthyroid over time, and therefore careful follow-up rather than treating
them empirically was suggested (Moore, 1996; Radetti et al., 2006). It is commonly accepted
that children with TSH above 10 mIU/l should be treated even if the FT4 is within a normal
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range while those with TSH between 4.5 and 10 mIU/l with thyroid autoantibodies should be
followed up with repeated thyroid function tests but without treatment (Gopalakrishnan &
Marwaha, 2007). Still, the benefit of L-T4 therapy has been questioned and some studies have
shown no difference in metabolic parameters or neurocognitive function between treated and
untreated subjects (Aijaz et al., 2006; Biondi & Cooper, 2008). On the other hand, it has been
shown that L-T4 therapy of patients with euthyroid AITD reduces both serological and cellular
markers of autoimmune thyroiditis, indicating that L-T4 therapy might be useful in stopping
disease progression (Padberg et al., 2001) and reducing thyroid volume in those patients with
goiter (Svensson et al., 2006). Stable euthyroid hyperthyrotropinemia is a common condition
that usually does not present with clinical symptoms or signs. Furthermore, biochemical
parameters such as increased liver enzyme, hypercholesterolemia or elevated CPK are
negative, indicating a euthyroid state. It is therefore recommended not to treat children
without evidence of clinical hypothyroidism. However, those children with TSH above 10
mIU/l or with a trend toward increasing TSH and decreasing FT4 over time might benefit from
L-T4 therapy. Side effects of L-T4 therapy on the heart with such as resting tachycardia and on
individuals' behavior, such as restlessness and sleep disturbances, should be considered in the
clinical decisions for initiation of therapy. In euthyroid hyperthyrotropinemia caused by
heterozygous loss-of-function mutation of TSHR, TSH levels tend to be stable over the years
and therefore no therapy is indicated (Tenenbaum-Rakover, 2012). In newborns, a different
approach should be taken since delay in therapy may result in permanent intellectual damage.
In the case of TSH levels above 10 mIU/l, early initiation of therapy should be considered, even
if thyroid hormones are within the normal range. In view of the controversy that still exists
around L-T4 therapy in SCH, it is recommended that the decision to initiate therapy be
considered on an individual basis taking into account the benefits and possible side effects. In
pregnant women and in newborns, initiation of therapy should be more urgent, whereas in
other cases, sequential thyroid function tests along with clinical follow-up and further
investigation, including laboratory, imaging and molecular analyses, might be a more
reasonable approach prior to initiation of therapy.

12. Conclusion
The variable causes of SCH in children of different age groups were reviewed. The outcome
of SCH in infancy and during childhood was shown to be dependent on etiology. Long-term
follow-up is recommended since SCH may develop into overt hypothyroidism. Initiation of
L-T4 therapy in children, similar to adults, is still a matter of debate. In newborns, early
initiation of therapy should be considered even if thyroid hormones are within the normal
range to prevent possible late neurological sequels; in older children, on the other hand, it is
recommended that the decision to initiate therapy be considered on an individual basis, taking
into account its benefits and possible side effects.
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1. Introduction
Subclinical hypothyroidism, defined as a mild degree of thyroid dysfunction biochemically,
is a common clinical disease. It is marked by elevated serum concentrations of thyroid stim‐
ulating hormone (TSH) and normal serum concentrations of free thyroxine (fT4) and triiodo‐
thyronine (T3). Subclinical hypothyroidism can be divided into two categories, depending
on the magnitude of the increase in serum TSH, with concentrations of 4.5-10 mU/L consid‐
ered mild disease and TSH >10 mU/L considered severe disease. However, the definition
and clinical significance of subclinical hypothyroidism are confounded by controversies
over the exact upper limit of the reference range for se um TSH.
Subclinical hypothyroidism occurs in 4-20% of the adult population, a wide range that re‐
sults from differences in age, gender, body-mass index, race, dietary iodine intake, and the
cut-off concentrations of serum TSH used to define this condition. For example, most epide‐
miological surveys have reported that the prevalence of mild thyroid dysfunction was high‐
er in older than in younger populations. In addition, overt or subclinical hypothyroidism
occurs more frequently in areas of abundant iodine intake than in iodine-deficient areas,
suggesting that iodine supplementation may increase the incidence of this disease. Subclini‐
cal hypothyroidism may be persistent or transient. In some of these patients, the transient
expression of TSH-receptor blocking antibodies may indicate the recovery of thyroid func‐
tion. Thus, it may be reasonable to reassess antibodies to thyroid hormones, including TSHreceptor blocking antibodies, in patients previously diagnosed with hypothyroidism to
determine whether the latter is transient or permanent.
On average, 2-28% of patients with subclinical hypothyroidism progress to overt hypothyr‐
oidism, depending on age, gender, and the presence of anti-thyroid antibodies. However,
baseline TSH concentration has been shown to be the most significant factor associated with
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progression to overt hypothyroidism. For example, a recent prospective study reported that
the rate of overt hypothyroidism was about 10% in the entire study population, but was 2%,
20%, and 73% in patients with initial TSH concentrations of 5.0-9.9 mU/L, 10.0-14.9 mU/L,
and 15.0-19.9 mU/L, respectively.
Subclinical hypothyroidism may be associated with depressed systolic function at rest and
left ventricular diastolic dysfunction at rest and during exercise. Persistent subclinical hypo‐
thyroidism may also affect the vascular smooth muscle cells, increasing systemic vascular
resistance and arterial stiffness. Studies on the risks of cardiovascular disease and mortality
due to coronary heart disease in these patients, however, have yielded conflicting results. To
date, the clinical significance of cardiovascular effects after long-term subclinical hypothyr‐
oidism has not been definitively clarified.
The relationship between subclinical hypothyroidism and lipid metabolism is also unclear.
Subclinical hypothyroidism has been associated with variable increases in total cholesterol
and LDL-cholesterol, higher plasma concentrations of oxidized LDL-cholesterol, and incon‐
sistent changes in serum concentrations of HDL-cholesterol. These lipid patterns, however,
may also be affected by age, gender, smoking status, the cause and duration of thyroid dys‐
function, and serum TSH concentration. All of these findings have suggested that there are
no definitive TSH cutoffs for association with lipids.
Subclinical hypothyroidism may also be associated with mood disorders such as major de‐
pression. Moreover, the life-time prevalence of major depressive disorder may be greater in
individuals with than without subclinical hypothyroidism. These findings, however, do not
suggest a direct causal link between subclinical hypothyroidism and mood disturbance.
Studies of the relationships between cognitive function and thyroid hormone levels within
the normal reference range have produced somewhat conflicting results. Some studies have
reported that higher TSH is associated with poorer cognitive function, whereas others found
that higher TSH is correlated with better cognitive performance. These studies indicate that
variations in serum TSH concentrations in individuals having normal thyroid hormone con‐
centrations (fT4, T3) may be related to cognitive impairment, especially in older individuals.
Further investigations of the relationships between serum TSH concentrations and mood
disturbance or cognitive function may be required.
In this chapter, we summarize the definition, causes, diagnosis, and treatment of subclinical
hypothyroidism. We also discuss the clinical effects of this illness, including the effects of
long-term subclinical hypothyroidism on the cardiovascular system, lipid metabolism,
mood disorders and cognitive function.

2. Subclinical hypothyroidism
2.1. Definition
The term subclinical indicates the presence of a disease without obvious symptoms, suggest‐
ing that the disease may be at an early stage. Subclinical thyroid disease is based on the deli‐
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cate sensitivity of the hypothalamic-pituitary-thyroid (HPT) axis. Subclinical hyperthyroid
and hypothyroid conditions are laboratory-based diagnoses. By definition, subclinical hypo‐
thyroidism is characterized by abnormal serum TSH and normal fT4 and T3 concentrations.
In 2002, a scientific review and consensus committee, which included representatives from
the American Thyroid Association (ATA), the American Association of Clinical Endocrinol‐
ogists (AACE), and the US Endocrine Society, convened a panel of experts to define subclin‐
ical thyroid disease, review the literature concerning the risks and benefits of treatment, and
make recommendations about evaluation and population-based screening (Surks et al,
2004). This committee defined subclinical hypothyroidism as “a serum TSH concentration
above the statistically defined upper limit of the reference range when serum free T4 con‐
centration is within its reference range”. However, the definition and the clinical signifi‐
cance of subclinical hypothyroidism are confounded by controversies over the correct upper
limit of the reference range for serum TSH. Meticulous studies from the United States and
elsewhere have addressed this reference range, taking into account the influence of the in‐
clusion or exclusion of subjects with a personal or family history of thyroid disease and pa‐
tients positive for antithyroid antibodies. Because subclinical hypothyroidism is only
detected as an abnormal TSH concentration, defining the TSH reference range is critical. Cir‐
culating TSH is heterogeneous in glycosylation and biological activity. Assays vary widely
because current TSH immunometric assays involve the use of monoclonal antibodies that
differ in specificity and may therefore bind to different TSH isoforms. Therefore, variations
in the reference intervals obtained with different methods reflect differences in epitope rec‐
ognition of different TSH isoforms. Since these differences make it difficult to establish a
universal upper TSH reference limit, the use of thyroid antibody tests has resulted in a pro‐
gressive decrease in the upper limit of the normal range over the last decades, from 10.0-7.0
mU/L to 4.0-5.0 mU/L (Biondi & Cooper, 2008).
Lymphocytic infiltration of the thyroid gland is present in up to 40% of healthy women.
Moreover, competitive immunoassays have shown that 10% of the general population is
positive for antithyroglobulin antibody (Tg Ab) and 12% are positive for detectable antithy‐
roid peroxidase (TPO) antibody levels (Biondi et al, 2005). Furthermore, ultrasound charac‐
teristics can reveal the typical pattern of hypoechogenicity, heterogeneity, and increased
blood flow seen in autoimmune thyroiditis. A hypoechoic or irregular echo ultrasound pat‐
tern may precede positivity for TPO Abs in patients with autoimmune thyroid disease, and
TPO Abs may not be detected in more than 20% of individuals with ultrasound evidence of
thyroid autoimmunity (Vejbjerg et al, 2006). A high thyroid autoantibody titer (usually
against TPO Ab and/or Tg Ab, or more rarely, TSH receptor Ab) is frequently associated
with a persistently elevated serum TSH concentration. Although the thyroid gland is usual‐
ly goitrous, it may also be normal or atrophic, its hypoechogenicity at ultrasound evaluation
could allow clinicians to identify individuals with subclinical hypothyroidism due to auto‐
immune disease (Biondi, 2012).
Therefore, it has been recommended that the reference serum TSH concentration be deter‐
mined using blood sampled in the morning from fasting euthyroid subjects with no family
history of thyroid disease, who are not taking any medication, have no visible or palpable
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goiter or pathological thyroid ultrasonography findings, and are not positive for TPO Ab or
Tg Ab (Kratzsch et al, 2005). Evidence from the National Health and Nutritional Examina‐
tion Survey (NHANES III) of a large ‘reference’ population without evidence of thyroid dis‐
ease indicated that 95% of adults have serum TSH concentrations of 0.45-4.12 mU/L,
indicating that the widely applied upper limit of normal for serum TSH of around 4.5 mU/L
remains appropriate (Hollowell et al, 2001). A panel of experts has classified subjects with
subclinical hypothyroidism into two categories, based on the degree of serum TSH elevation
and pathophysiological consequences; these include patients with mild (4.5-10 mU/L) and
more severely elevated (TSH>10 mU/L) serum TSH (Surks et al, 2004).
Subclinical hypothyroidism should be diagnosed only after a detailed personal and family
history, pharmacological evaluation and an accurate clinical assessment. Some familial dis‐
orders, including a family history of autoimmune thyroid disease and/or endocrine or sys‐
temic autoimmune disorders, and genetic disorders such as Down, Turner and Klinefelter
syndromes, should be investigated to identify subjects with an increased predisposition to
developing autoimmune thyroiditis. In addition, a high thyroid autoantibody titer is fre‐
quently associated with a persistently elevated serum TSH concentration. The ultrasono‐
graphic hypoechogenicity of the thyroid gland can be used to identify individuals with
subclinical hypothyroidism due to autoimmune disease (Wilson & Curry, 2005).
Prior to treatment, patients should be evaluated for transient and false causes of mild in‐
creases in TSH. Reference TSH ranges by age, race and body mass index can help avoid mis‐
classifying patients with increased serum TSH (Biondi, 2012). Interestingly, serum TSH
concentrations are higher in white than in black populations, suggesting that TSH is influ‐
enced by genetics and ethnicity/race. Moreover, increased serum TSH might not always re‐
flect mild thyroid hormone deficiency in elderly subjects from iodine sufficient areas
because the distribution of serum TSH shifts to higher concentrations with age. An in‐
creased serum TSH concentration in older individuals may reflect recovery from acute ill‐
ness or the use of drugs that can interfere with thyroid function (Surks et al, 2004). Since
serum TSH concentrations are higher in overweight and obese individuals than in lean sub‐
jects, subclinical hypothyroidism may be falsely diagnosed in overweight and obese pa‐
tients, especially in those negative for thyroid autoantibodies. However, this altered thyroid
hormone pattern can be reversed by losing weight (Biondi, 2010).
2.2. Causes
The most frequent causes of subclinical hypothyroidism are autoimmune thyroiditis and
previous treatment for hyperthyroidism. In about 60-80% of patients, subclinical hypothyr‐
oidism has been associated with TPO Abs, a marker of chronic lymphocytic (Hashimoto’s)
thyroiditis. Hashimoto’s thyroiditis is more common in females than in males, with the
overall incidence increasing with age in both sexes. Transient or persistent increases in se‐
rum TSH may occur after subacute, post-partum or painless thyroiditis and after an infiltra‐
tive disease (Riedel’s thyroiditis, amyloidosis, hemochromatosis and cystinosis) or infectious
disorder of the thyroid gland. Patients treated for overt thyroid failure often have subclinical
hypothyroidism because of inadequate thyroid hormone supplementation, poor adherence,
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drug interactions, or inadequate monitoring of treatment (Cooper & Biondi, 2012). Between
17.6% and 30% of patients with overt hypothyroidism were reported to have subclinical thy‐
roid disease due to inadequate thyroid hormone supplementation (Canaris et al, 2000).
Subclinical hypothyroidism may also result from therapies that destroy thyroid tissue, such
as thyroid surgery, radioiodine treatment or external radioiodine therapy. Mild, overt hypo‐
thyroidism frequently occurs after external radiotherapy of the head and neck area and de‐
velops gradually within the first year, with a risk that appears to be dose-dependent (Biondi
& Cooper, 2008). Radioiodine treatment of hyperthyroidism in patients with Graves’ disease
results in hypothyroidism in at least 50% of patients, depending on the dose administered.
Partial thyroidectomy for hyperthyroidism or nodular goiter has been associated with a sim‐
ilar risk for the development of hypothyroidism. Subclinical hypothyroidism soon after ra‐
dioiodine treatment or partial thyroidectomy may be a transient phenomenon, not always
indicative of progressive or permanent hypothyroidism. Even in the absence of ablative thy‐
roid treatment, it has been estimated that 5-20% of patients with Graves’ disease will even‐
tually develop hypothyroidism (Boelaert et al, 2009).
Other causes of subclinical hypothyroidism include autoimmune diseases, such as type I
diabetes mellitus and Addison’s disease. Down and Turner syndromes have also been asso‐
ciated with the development of overt and subclinical hypothyroidism. The risk of subclinical
hypothyroidism during pregnancy is considerable in women identified during the first tri‐
mester as being positive for antithyroid antibodies (Wilson & Curry, 2005). Non-thyroidal
illness may be associated with a transient and modest increase in serum TSH, especially
during the recovery phase, although in most of these patients an increase in TSH concentra‐
tion reflects underlying thyroid disease. Several drugs, including iodine-containing com‐
pounds such as radiographic contrast agents, lithium carbonate, cytokines and interferon,
may induce subclinical or overt hypothyroidism, particularly in patients with underlying
autoimmune thyroiditis (Biondi, 2012).
It is necessary to distinguish subclinical hypothyroidism from other causes of physiological,
artificial, or transiently increased serum TSH. Serum TSH concentrations should be meas‐
ured 3-6 months later to rule out a laboratory error or a transient increase caused, for exam‐
ple, by drugs that interfere with thyroid function, by thyroiditis, and by possible toxic injury
to the thyroid gland (Cooper & Biondi, 2012). Serum TSH concentrations are higher in
healthy elderly than in healthy young people because of a shift in TSH distribution with age.
Rarely, laboratory patterns indistinguishable from subclinical hypothyroidism are observed
in patients with TSH-receptor mutations causing mild TSH resistance, mutations that can af‐
fect up to 0.6% of Caucasian people. Clues to the presence of this disorder are a family histo‐
ry of increased serum TSH concentrations and an absence of thyroid autoimmunity (Jordan
et al, 2003). Serum TSH concentrations are higher in overweight and obese individuals,
which may result in a false diagnosis of subclinical hypothyroidism. Mild increases in serum
TSH concentration in obese people are usually associated with serum T3 concentrations at
the upper limit of the normal range. The latter may be due to increased de-iodinase activity,
which acts as a compensatory mechanism during fat accumulation to increase energy expen‐
diture. This altered thyroid hormone pattern can be reversed by weight loss. Table 1 shows
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the comparison of causes between subclinical hypothyroidism and elevated serum TSH con‐
centrations that are not associated with persistent subclinical hypothyroidism (Biondi &
Cooper, 2008) (Cooper & Biondi, 2012).
Causes of subclinical hypothyroidism
1. Chronic autoimmune thyroiditis
: family history of autoimmune thyroid disease, history of associated autoimmune diseases, Down syndrome,
Turner’s syndrome, etc.
2. Thyroid injury
: partial thyroidectomy, external radiotherapy of head and neck, radioactive iodine therapy, etc.
3. Infiltrative disease of thyroid gland
: Riedel’s thyroiditis, amyloidosis, sarcoidosis, hemochromatosis, cystinosis, AIDS, primary thyroid lymphoma
4. Persistent TSH increase after an episode of subacute thyroiditis, post-partum thyroiditis, painless thyroiditis
5. Drugs
: iodine, iodine-containing medications such as amiodarone, radiographic contrast agents, lithium carbonate,
carbonate, cytokines (interferon alfa), aminoglutetimide, ethionamide, sulfonamides, sulfonylureas
6. Inadequate replacement theray for overt hypothyroidism
7. Toxic substances, industrial and environmental agents
8. TSH receptor gene mutations
Causes of elevated serum TSH concentrations that are not associated with persistent subclinical
hypothyroidism
1. Laboratory analytic problems
: assay variability, abnormal TSH isoform, heterophilic antibodies, etc.
2. Elderly patients with small increases in serum TSH level
3. Obesity
4. Pituitary problem
: pituitary adenoma, isolated pituitary resistance to thyroid hormone, etc.
5. Renal dysfucntion
6. Adrenal insufficiency
7. After withdrawal of thyroid hormone therapy in euthyroid patients
8. Recovery phase of euthyroid sick syndrome
Table 1. Causes of elevated serum TSH concentration

2.3. Prevalence and natural history
The prevalence of subclinical hypothyroidism in adults has been reported to range from
4% to 20% (Cooper & Biondi, 2012). This wide range reflects important differences in
race and dietary iodine intake, as well as patient age, gender, body mass index and dif‐
ferences in TSH evaluation methods. Large, population-based screening studies, includ‐
ing the Whickham Survey (Tunbridge et al, 1977), NHANES III (Hollowell et al, 2001),
and the Colorado thyroid prevalence study (Canaris et al, 2000), have provided impor‐
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tant epidemiological data about subclinical hypothyroidism. According to the Whickham
Survey, which defines subclinical hypothyroidism as serum TSH concentrations >6
mU/L, this condition was present in 7.5% of females and 2.8% of males. TSH concentra‐
tions did not vary with age in males but increased markedly in females after age 45
years. Serum TSH concentration was not age-related in women negative for antithyroid
antibodies. The NHANES III study, which defined subclinical hypothyroidism as serum
TSH >4.6 mU/L, reported that 4.3% of individuals had subclinical hypothyroidism. TPO
Abs were significantly associated with hypothyroidism, were more prevalent in women
than in men, increased with age, and were more prevalent in whites than in blacks. The
Colorado study, which defined subclinical hypothyroidism as serum TSH >5.1 mU/L,
showed that serum TSH concentrations were elevated in 9.5% of subjects, and that the
percentage increased with each decade of age in women but not in men. All of these
surveys reported that the prevalence of subclinical hypothyroidism was higher in older
populations. This disease is more common in iodine-sufficient than in iodine-deficient
countries, suggesting that iodine supplementation may increase its incidence.
The natural history of subclinical hypothyroidism depends on the underlying cause and
the characteristics of each patient. However, long-term outcome data on patients with
subclinical hypothyroidism are rare, making it difficult to define the definitive course of
this disease. Subclinical hypothyroidism may be progressive or reversible. With a pro‐
gression rate of only 5% per year, it is reasonable to assume that, especially in patients
with serum TSH concentrations ≤10 mU/L, subclinical hypothyroidism may not be
caused by the progression of any specific disease state (Wilson & Curry, 2005). One
large follow up study showed that, of patients with modestly elevated serum TSH con‐
centrations, 60% show a spontaneous return to the reference range during a mean 5 year
follow-up period (Meyerovitch et al, 2007). Moreover, many patients with non-autoim‐
mune thyroiditis may develop transient TSH elevation.
In a significant number of patients, especially those who are older, female, and positive for
TPO Abs, there is an increased risk of progression to overt hypothyroidism. The Whickham
cohort survey, with a 20-year follow-up period, showed that the annual rate of progression
from subclinical to overt hypothyroidism was 2.6% in patients negative for thyroid antibod‐
ies, but 4.3% if TPO Abs were present. Transient expression of TSH-receptor blocking anti‐
bodies may explain the improvements in thyroid function and the progressive TSH
normalization that may be observed in some patients with autoimmune hypothyroidism.
The annual rate of progression to overt disease was about 4% in women with increased se‐
rum TSH and positive for antithyroid antibodies, 2-4% in women with increased serum TSH
concentrations alone, and 1-3% in women with only antithyroid antibodies. Serum TSH con‐
centrations tend to return to normal more frequently in people with concentrations of 4-6
mU/L, whereas TSH concentrations of 10-15 mU/L are associated with a reduced rate of nor‐
malization of thyroid function. The annual rate of progression to overt hypothyroidism in
patients with subclinical hypothyroidism induced by radioiodine or surgery is 2-6%. Preg‐
nant women with Hashimoto thyroiditis also are at high risk of disease progression. High
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dose iodine intake is also associated with an increased risk of progression to overt hypothyr‐
oidism (Biondi & Cooper, 2008).
The risk of progression from subclinical to overt hypothyroidism is less common, where‐
as the recovery of thyroid function is more common, in children and adolescents than in
adults. Progression from mild to overt hypothyroidism may be related to the cause of
thyroid hormone deficiency, the basal TSH concentration, and the age of the patient.
Transient expression of TSH-receptor blocking antibodies may explain the recovery of
thyroid function in some patients (Biondi & Cooper, 2008). Patients previously diag‐
nosed with subclinical hypothyroidism should be reevaluated to determine whether this
condition is persistent. This may be accomplished by progressive reduction in LT4 dos‐
age followed by serial TSH testing.
2.4. Consequences of subclinical hypothyroidism
Subclinical hypothyroidism may be associated with adverse cardiovascular events, cardiac
dysfunction, lipid metabolism, and neuropsychiatric symptoms. To date, however, there is
insufficient evidence regarding the association between long-term subclinical hypothyroid‐
ism and systemic sequelae.
2.4.1. The cardiovascular system and the risk of heart failure
Cardiovascular diseases are the most common causes of death worldwide, primarily affect‐
ing older adults. Abnormal TSH concentrations may be a novel cardiac risk factor. Even
mildly altered thyroid status has been reported to affect serum cholesterol concentrations,
heart rhythm and rate, ventricular function, risk of coronary artery disease, and cardiovas‐
cular mortality. Patients with subclinical hypothyroidism may have depressed systolic func‐
tion at rest, and left ventricular diastolic dysfunction at rest and during exercise. Vascular
function may also be impaired by thyroid hormone deficiency. However, the risks of cardio‐
vascular and heart failure in patients with subclinical hypothyroidism remain unclear. Sev‐
eral large scale meta-analyses have assessed the risks of cardiovascular and all-cause
mortality in patients with subclinical hypothyroidism. In one meta-analysis, cardiovascular
mortality was higher in patients <65 years old with subclinical hypothyroidism, but not in
older people (Razvi et al, 2008). A second meta-analysis confirmed that subclinical hypo‐
thyroidism was associated with modestly increased cardiovascular risks of coronary heart
disease and total mortality (Ochs et al, 2008). In addition, reanalysis of the data from the
Whickham Survey cohort showed that systolic and diastolic blood pressures and total cho‐
lesterol concentrations were higher in patients with subclinical hypothyroidism than in con‐
trols in a euthyroid state (Razvi et al, 2010). However, a large prospective cohort study of
559 subjects aged 85 year, including subclinical hypothyroidism was present in 30 patients
and 21 individuals monitored for 4 years, provided opposite evidences. This study found
that raised serum TSH concentrations was associated with decreased mortality in individu‐
als older than 85 years, and this might be attributed to a lower metabolic rate. In this study,
individuals with subclinial hypothyroidism had lower all-causes and cardiovascular mortal‐
ity than clinically euthyroid individuals, although serum cholesterol levels were higher
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(Gussekloo et al, 2004). Similarly, other studies reported that subclinical hypothyroidism
was not associated with increased overall mortality risk in elderly subjects. Crucially, a
meta-analysis of individual participant data from 11 prospective cohort studies has shown
no overall association of subclinical hypothyroidism with coronary heart disease events,
mortality or total mortality (Rodondi et al, 2010). However, significant associations were ob‐
served when the degree of serum TSH elevation was stratified, in that coronary heart dis‐
ease events and mortality risks were significantly increased in individuals with serum TSH
>10 mU/L. This correlation with greater biochemical abnormality was consistent with stud‐
ies in patients with heart failure, in that incident heart failure risk was evident, or of greater
magnitude, when serum TSH was > 10 mU/L. By contrast with studies suggesting that the
risk of coronary heart disease decreased with patient age, findings of this meta-analysis
showed no interaction between mortality due to coronary heart disease and age.
In summary, several prospective, population-based cohort studies found that subclinical hy‐
pothyroidism was associated with increased risks of cardiovascular disease and mortality,
whereas other, similar studies showed no correlation between subclinical hypothyroidism
and the incidence of and mortality due to coronary heart disease.
2.4.2. Lipid profiles
Thyroid hormones have varied effects on lipid metabolism, because thyroid function regu‐
lates cholesterol synthesis and degradation and mediates the activity of key enzymes in
these pathways. Thyroid hormones reduce cholesterol concentration mainly through the in‐
creased expression of low-density lipoprotein (LDL)-cholesterol receptors in the liver and
peripheral organs (Duntas & Brenta, 2012). Overt hypothyroidism increases the serum con‐
centrations of total and LDL-cholesterol, as well as altering the concentrations of other lipo‐
proteins and apolipoproteins. In contrast, lipid changes in individuals with subclinical
hypothyroidism are considerably less marked, with studies showing inconsistent results.
For example, studies comparing lipid profiles in subclinical hypothyroid patients and euthy‐
roid controls have found that subclinical hypothyroidism was associated with lipid abnor‐
malities, especially increases in total and LDL cholesterol, but its effects on the
concentrations of high-density lipoprotein (HDL)-cholesterol, triglycerides and lipopro‐
tein(a) were unclear (Cappola & Ladenson, 2003) (Duntas & Wartofsky, 2007).
The United States Colorado study, with a population sample of 25,862 subjects, showed that
patients with subclinical hypothyroidism had higher total cholesterol concentrations than
euthyroid individuals (Canaris et al, 2000). In the NHANES III cohort, cholesterol and trigly‐
ceride concentrations were higher in patients with subclinical hypothyroidism than in eu‐
thyroid subjects, but these effects were no longer observed after adjusting for variables such
as sex, race, age, and treatment with lipid lowering drugs (Hollowell et al, 2001). In contrast,
recent studies that distributed patients into groups based on the severity of dyslipidemia
found that the incidence of subclinical hypothyroidism was highest in the group with the
highest serum cholesterol concentrations (Bindels et al, 1999). Lipid patterns were particu‐
larly altered in patients with subclinical hypothyroidism and a serum TSH concentration >10
mU/L, especially in older patients. The discrepancy between these study results may be due
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to the heterogeneity of the populations studied, including differences in TSH concentrations
used to define subclinical hypothyroidism and selection criteria based on age, sex, race,
smoking history, and insulin resistance. Although hyperinsulinemia may increase the hepat‐
ic output of very low-density lipoprotein (VLDL) particles, hypothyroidism may suppress
their removal, resulting in a net accumulation of modified lipoproteins. Moreover, LDL par‐
ticles in subjects with subclinical hypothyroidism have an impaired composition, becoming
triglyceride-rich lipoproteins (Duntas & Brenta, 2012). VLDL remnants and intermediatedensity lipoproteins (IDL) tend to accumulate in the circulation. However, the fractional
clearance rates of triglycerides and cholesteryl esters have been reported equal in patients
with subclinical hypothyroidism and controls, indicating that lipolysis and the removal of
remnant triglyceride rich lipoproteins were normal. Nevertheless, transfer of triglycerides to
HDL was lower in subjects with subclinical hypothyroidism than in controls.
In summary, the association between lipid patterns and subclinical hypothyroidism remains
unclear. This may reflect differences in population-based studies, as well as differences in
age, gender, and ethnicity of the subjects examined. Taken together, these findings have re‐
sulted in the formulation of a hypothesis, that there is no TSH cutoff threshold associated
with lipids. However, smoking and insulin resistance may play important roles in media‐
ting the effects of subclinical hypothyroidism on serum lipids.
2.4.3. Mood and cognitive changes
The relationships between overt thyroid disease and mood impairment and cognitive dys‐
function have been described. Overt hypothyroidism is a frequent cause of major depressive
disorder, including melancholia, and may lead to reversible dementia. Several relatively
small-volume studies found more hypothyroid associated signs and symptoms of mood dis‐
orders in individuals with subclinical hyperthyroidism than in euthyroid individuals. Sub‐
clinical hypothyroidism may be associated with current depressive symptoms, current
major depression and a lifetime history of major depression (Joffe et al, 2012) (Chueire et al,
2007). These studies have reported a higher frequency and/or severity of current depressive
symptoms in young or middle-aged adults with subclinical hypothyroidism than in match‐
ed euthyroid controls. Moreover, the lifetime prevalence of major depressive disorder has
been reported higher in individuals with subclinical hypothyroidism than in euthyroid sub‐
jects. These findings suggest an association, but not necessarily a direct causal relationship,
between subclinical hypothyroidism and mood disturbance or disorders. Recent studies,
however, have suggested that patients with primary major depressive illness have a re‐
duced rate of response to antidepressants and are at greater risk of chronicity of depression
if they have comorbid subclinical hypothyroidism.
Although many studies have assessed the relationship between mild hypothyroidism and
cognitive dysfunction, these studies have produced somewhat conflicting findings. A recent
cross-sectional study of 5865 patients in England aged ≥65 years with no known thyroid dis‐
ease (168 with subclinical hypothyroidism defined by TSH >5.5 mIU/L) was performed in
primary care practices to evaluate the association with mood and cognitive changes. This
study found no associations between mild hypothyroidism and cognitive function, depres‐
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sion, and anxiety (Roberts et al, 2006). In contrast, evaluation of brain function by functional
magnetic resonance imaging (MRI) in patients with overt and subclinical hypothyroidism
and euthyroid subjects suggested that working memory, but not other memory functions,
was impaired by subclinical hypothyroidism, with impairment more severe in patients with
overt hypothyroidism (Zhu et al, 2006). Whereas some studies included only older subjects,
other studies include broad ranges of age groups, limiting the conclusions that can be drawn
from these data. Perhaps, the most problematic methodological issue in these studies is their
reliance on limited measures of cognitive function, especially the Mini Mental State Exami‐
nation, which provides a very limited assessment of cognition and is likely relatively insen‐
sitive to potentially subtle, although clinically meaningful, neuropsychological impairments.
This may explain the discrepancy among studies, with some finding and others not finding
an association between cognitive alterations and subclinical hypothyroidism (Joffe et al,
2012). Nonetheless, these studies have shown that younger adults with subclinical hypo‐
thyroidism may experience mild cognitive abnormalities, generally difficulties with selec‐
tive attention and new learning. Studies in older adults have found that subclinical
hypothyroidism may be associated with deficits in attention, in some aspects of executive
functioning, verbal and visual recall, and in reaction time, but these deficits may differ in
older and younger individuals, and in men women (Samuels et al, 2008).
The relationship between subclinical hypothyroidism and vulnerability to dementia, espe‐
cially Alzheimer’s disease, has been evaluated in older adults. Although high TSH concen‐
trations were associated with an increased risk of developing Alzheimer’s disease or
dementia, the association between subclinical hypothyroidism and dementia is unclear.
Moreover, the brains of older adults may show differential sensitivity, manifesting as cogni‐
tive changes, to small perturbations of the thyroid axis.
In summary, the pattern and severity of mood and cognitive symptoms in patients with sub‐
clinical hypothyroidism have not been fully delineated, although both depressive symptoms
and depressive syndromes may occur with increased frequency. It is difficult to distinguish
euthyroid subjects from patients with subclinical hypothyroidism based on these symptoms.
Subclinical hypothyroidism may also be associated with current cognitive impairment and
the further risk of cognitive decline. In addition, these symptoms are probably related to dis‐
ease severity, disease duration, and individual sensitivity to thyroid hormone deficiency.
Age may also affect the correlations between subclinical hypothyroidism and mood, cogni‐
tion, and Alzheimer’s disease. Larger randomized controlled studies are necessary to assess
the importance of mood and cognitive function in both younger and older age groups, espe‐
cially in individuals with minimally elevated TSH.
2.5. Treatment
There has been much discussion about the screening and treatment of patients with subclini‐
cal hypothyroidism. Because of the difficulties in interpreting data from many different
sources, the AACE, the US Endocrine Society and the ATA convened a panel in 2002 to for‐
mulate evidence-based guidelines for the diagnosis, screening, and treatment of subclinical
hypothyroidism (Surks et al, 2004). The consensus panel recommended that patients with
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elevated serum TSH undergo repeat testing, along with a serum fT4 measurement, from 2
weeks to 3 months later. If these tests confirm subclinical hypothyroidism, further evalua‐
tion is required, including clinical assessment of signs and symptoms; history taking to de‐
termine if the patient had been previously treated for hyperthyroidism (e.g., with
radioiodine therapy or partial thyroidectomy), or if there is a family history of thyroid dis‐
ease; and determination of the occurrence of thyroid enlargement. These patients should al‐
so be screened for hyperlipidemia. Although the presence of TPO Ab increases the risk of
progression to overt hypothyroidism, the panel found insufficient evidence to recommend
for or against obtaining titers because determining the presence of antibodies does not
change patient management.
The panel found good evidence that subclinical hypothyroidism is associated with progres‐
sion to overt hypothyroidism, and fair evidence that serum TSH concentrations >10 mU/L
are associated with elevated total and LDL cholesterol concentrations. The panel recom‐
mended that patients with serum TSH concentrations >10 mU/L be treated with levothyrox‐
ine sodium (LT4). There is no conclusive evidence that treatment will improve symptoms or
associated clinical conditions such as hyperlipidemia; however, because 2-10% of patients
progress to overt hypothyroidism, treatment may prevent symptom development in pa‐
tients with low fT4 concentrations. Most other guidelines and expert views also recommend
treatment of subclinical hypothyroid patients with TSH concentrations >10 mU/L (Biondi &
Cooper, 2008) (Gharib et al, 2005) (Khandelwal & Tandon, 2012) (Vaidya & Pearce, 2008).
Treatment of asymptomatic patients with serum TSH concentrations between 4.5 and 10
mU/L remains unclear. The panel recommended that only pregnant women and women
contemplating pregnancy be treated for subclinical hypothyroidism and TSH concentrations
≤10 mU/L, based on a possible association between high TSH and subsequent neuropsycho‐
logical complications in offspring. According to recent ATA guidelines, if a woman is hypo‐
thyroid prior to pregnancy, it recommended that her dosage be adjusted so that TSH is
below 2.5 mU/L prior to conception (Stagnaro-Green et al, 2011). This lowers the risk of the
TSH elevating in the first trimester. If a woman is diagnosed as hypothyroid during preg‐
nancy, she should be treated without delay, with the goal of restoring her thyroid levels to
normal as quickly as possible. In pregnancy, overt hypothyroidism is defined as a TSH
above 2.5 mU/L, along with a decreased fT4 level. Even if a woman has normal fT4, if TSH is
above 10.0 mU/L during pregnancy, it is also considered to be overt hypothyroidism. Sub‐
clinical hypothyroidism is defined as TSH between 2.5 and 10 mU/L, with a normal fT4 lev‐
el. During the first trimester, the TSH level should be maintained at a level of between 0.1
and 2.5 mIU/L, 0.2 to 3.0 mIU/L during the second trimester, and 0.3 to 3.0 mIU/L in the
third trimester. By the time a woman is four to six weeks pregnant, her dose of thyroid med‐
ication will usually need to be increased, potentially by as much as 50 percent. A woman
with thyroid autoimmunity with positive thyroid antibodies who has normal TSH levels in
the early stages of her pregnancy is still at increased risk of becoming hypothyroid at any
point in the pregnancy. She should be monitored regularly through the pregnancy for ele‐
vated TSH (Stagnaro-Green et al, 2011).

Subclinical Hypothyroidism; Natural History, Long-Term Clinical Effects and Treatment
http://dx.doi.org/10.5772/53688

The panel recommended against routine treatment of patients with subclinical hypothyroid‐
ism and serum TSH ≤10 mU/L, as available data do not support a clear-cut benefit for early
treatment of these patients. However, in a separate consensus statement, these societies rec‐
ommended that most subclinical hypothyroid patients be considered for treatment, with the
key determinant being the clinical judgment of the provider (Gharib et al, 2005). Recently
some experts further consolidated the available evidence and recommended LT4 therapy in
women who are pregnant, planning pregnancy, have ovulatory dysfunction, or are infertile;
as well as in patients with symptoms, goiter, anti-TPO antibodies, and high background car‐
diovascular risk, including those with hypertension, hypercholesterolemia, insulin resist‐
ance or diabetes, isolated diastolic dysfunction, or evidence of impaired endothelial function
(Biondi & Cooper, 2008) (Khandelwal & Tandon, 2012). Current evidence suggests that mid‐
dle-aged individuals are more likely to benefit from treatment than elderly individuals.
Asymptomatic individuals should undergo repeat thyroid function tests every 6 to 12
months. There is also insufficient evidence to support therapeutic intervention in patients
with symptoms of hypothyroidism and serum TSH concentrations between 4.5 and 10
mU/L. The panel suggested, however, that these patients be started on LT4, with treatment
continued only in those experiencing symptomatic benefit (Woeber, 2005).
Thyroid hormone preparations available for treatment of hypothyroidism include levothyr‐
oxine sodium (L-thyroxine; LT4) and liothyronine sodium (L-triiodothyronine; LT3). LT4 is
synthetically produced but identical to T4 secreted by the thyroid. LT4 is the preferred drug
because its administration closely mimics glandular secretion and its conversion to T3 is ap‐
propriately regulated by tissues, which maintain a steady and adequate supply. Its long
half-life of 7 days allows single daily dose administration and results in only small fluctua‐
tions in serum concentrations between daily doses (Khandelwal & Tandon, 2012) (Woeber,
2005). Serum T4 concentrations peak 2-4 hours after an oral dose and remain above normal
for approximately 6 hours in patients receiving daily replacement therapy. LT4 is also recog‐
nized to have a narrow toxic to therapeutic ratio, with excess amounts having significant
clinical consequences. Adverse effects of over-replacement include the risk of bone loss, es‐
pecially in postmenopausal women, and increased risk of atrial fibrillation. Transient scalp
hair loss can also take place during the first few weeks of LT4 treatment. Allergic reactions
have been rarely reported, but these were almost always reactions to dye or other inactive
constituents. LT3 is a synthetic form of natural T3 hormone with the same actions as the nat‐
ural product. It has a half-life of 1 day, thus requiring multiple doses daily. Another disad‐
vantage of LT3 is the increase in serum T3 concentration to supranormal values, up to
250-600%, in the absorption phase, during which many patients report adverse effects, espe‐
cially palpitations (Wiersinga, 2001) (Woeber, 2005). Treatment with LT3 should therefore be
considered only in patients with LT4 maldigestion or malabsorption, as well as in patients
who cannot convert T4 to T3 (Celi et al, 2011). Otherwise, it is not intended as sole mainte‐
nance therapy in patients with hypothyroidism. Combined treatment with LT4 and LT3 has
been attempted to more closely mimic the thyroid secretion patterns of T4 and T3. However,
there is no currently available preparation containing both LT4 and LT3 in combination that
adequately reproduces the relative quantities of these hormones produced by the human
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thyroid gland. Furthermore, no preparation results in a pattern of sustained release of thy‐
roid hormones similar to that of the human thyroid (Woeber, 2005).
The goal of treatment is to restore the individual to a euthyroid state, with resolution of
signs and symptoms of hypothyroidism. Chronic under- or over- replacement is common in
clinical practice, with over-treatment occurring in about 20% of LT4-treated patients (Cana‐
ris et al, 2000) (Parle et al, 1993). The rapidity with which the euthyroid state should be at‐
tained is dictated by several factors, notably the age of the patient, the duration and severity
of hypothyroidism and the presence of other co-morbid conditions, specifically cardiac dis‐
ease. It has been recommended that LT4 be taken as a single daily dose on an empty stom‐
ach at least 30 minutes before breakfast. Individual LT4 requirements are greatly dependent
on an individual’s lean body mass, rather than on total body weight. Patients with subclini‐
cal hypothyroidism and minimal thyroid hormone deficiency may be controlled with daily
LT4 dosages as low as 25-50 μg. After initiation of thyroid hormone therapy, the symptoms
and signs of hypothyroidism should be assessed at each follow-up visit. The earliest clinical
response to LT4 replacement is usually diuresis and weight loss, leading to mobilization of
interstitial fluid as glycosaminoglycans are degraded. Weight loss is predominantly due to
fluid loss, and is unlikely to exceed 5 kg, even in obese patients, especially if pre-treatment
TSH concentrations were only modestly elevated. Two months after initiating therapy, the
minimum time required for the pituitary-thyroid axis to re-set, the dose should be moni‐
tored by measuring serum TSH, with or without serum T4. Serum TSH should be main‐
tained in the lower half of the normal range (0.5-2.0 mU/L) (McDermott, 2009).
An important cause of persistently elevated TSH despite an adequate replacement dose of
LT4 is patient non-compliance. These patients may have elevated TSH with high normal or
elevated fT4, as they may not take LT4 for days and then take several pills a few days before
testing. These patients do not require changes in LT4 dose; rather, emphasis should be
placed on compliance with therapy and thyroid function tests should be repeated in 3-4
weeks. Other causes of persistently elevated TSH despite an apparently adequate dose of
LT4 include malabsorption and interference by drugs. Coeliac disease should be excluded,
as it may be present in patients with hypothyroidism because of its autoimmune nature. The
presence of heterophilic antibodies in a patient’s serum can also result in an artificial eleva‐
tion of TSH (Khandelwal & Tandon, 2012).

3. Conclusion
Subclinical hypothyroidism is a frequent clinical problem, readily diagnosed by laboratory
methods. Since most patients with this condition are asymptomatic, screening is required to
detect the condition in most cases. As there is insufficient evidence to support populationbased data, the associations between subclinical hypothyroidism and adverse clinical out‐
comes remain unclear. Subclinical hypothyroidism was recently reported to be associated
with increased risks of cardiovascular disease and heart failure. Subclinical hypothyroidism
may or may not be correlated with other systemic conditions, such as changes in lipid me‐
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tabolism, mood and cognition, with the clinical significance of these systemic effects after
long-term subclinical hypothyroidism being unclear. Findings suggest that these systemic
sequelae of subclinical hypothyroidism are associated with increased disease severity, dis‐
ease duration, age, and individual sensitivity to thyroid hormone deficiency.
The benefits of treatment of subclinical hypothyroidism remain unclear, despite the poten‐
tial risk of progression to overt disease, and there is no definite consensus on thyroid hor‐
mone and TSH cutoff values at which treatment should be contemplated. It has been
recommended that all patients with subclinical hypothyroidism with TSH >10 mU/L or
showing symptoms be treated, as should all pregnant women with any degree of subclinical
hypothyroidism. The benefits of treatment of asymptomatic patients with subclinical hypo‐
thyroidism and serum TSH ≤ 10 mU/L remain unclear. Most expert groups have recom‐
mended LT4 therapy for patients with a mild degree of subclinical hypothyroidism (TSH ≤
10 mU/L) only if they have symptoms, goiter, anti-TPO antibodies or infertility. Adequacy
of treatment is monitored by measuring serum TSH and fT4 concentrations. Special consid‐
erations are needed in pregnant women, children, elderly patients and patients with cardiac
disease. Under- and over- treatment are common in clinical practice and should be avoided.
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1. Introduction
In critical illness, several abnormalities in thyroid hormone (TH) secretion, metabolism and
action have been described in patients without previous diagnosis of intrinsic thyroid disease
and are collectively called “Non thyroidal syndrome” (NTIS) [1]; this term is now largely
employed, in the place of “euthyroid sick syndrome” [2-4] or “low-T3 syndrome”, due to the
most common abnormality, a decreased level of serum total triiodothyronine (T3), which can
be detected very early, within 2 hours after the onset of severe physical stress [5-7]. However,
T3 lowering is only one of the endocrine picture described is such a situation; therefore the
term NTIS seems to be more appropriate, also strengthening its extrathyroidal source.
NTIS has been depicted in about 70% of hospitalized patients for different diseases [8-10].
Moreover, the severity of morbidity and outcome in patients studied in intensive care unit
(ICU) has been correlated with the alteration in thyroid function [11,12]. The hormonal
response exhibits different pattern in acute and chronic phase, since in the first phase the
alteration predominate in peripheral metabolism of TH, while in the latter central mechanisms
controlling thyroid secretion progressively arise [13,14].
Since there is no clear evidence of tissue hypothyroidism, such a condition seems to be an
adaptative response, and thyroid replacement therapy is not usually required, but this topic
is still debated, since indirect signs of true hypothyroidism at tissue levels have been
showed [15]. The question is open and different reviews have been published on this topic
[1, 16-20]; but, very recently different molecular mechanisms have been shown to gain
insight the complex situation of NTIS. The role of intracellular oxidative stress (OS) has
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been underlined. Therefore we present a review of these recent results and some person‐
al data in patients affected by chronic obstructive pulmonary disease and patients studied
after major cardiovascular surgery.

2. Clinical observations
A low T3 state has been described in a variety of clinical situations, such as starvation [21],
sepsis [22], surgery [23], trauma [24], myocardial infarction and heart failure [25,26], cardio‐
pulmonary bypass [27], respiratory failure [28], bone marrow transplantation [29], other severe
illness [30]. In a very recent paper in unselected ICU patients, free T3 (fT3) was the most
powerful and the only independent predictor of ICU mortality, with a prognostic improving
value when added to APACHE II score [31]. A retrospective study in a large group of patients
treated with mechanical ventilation (MV) confirmed that NTIS represents a risk factor for
prolonged MV [32].
Due to the importance of TH in cardiac function, it is not surprising that cardiac patients have
been extensively studied under this profile. TH influence cardiac function with different
mechanisms: inotropic and chronotropic positive effect via nuclear and non-nuclear pathways
in cardiomyocytes, increase in cardiac contractility through augmented tissue oxygen delivery
and consumption; decrease in systemic vascular resistance, through direct TH action on
vascular smooth muscle cells; other endocrine effects are exerted on renin-angiotensinaldosterone axis and on erythropoietin secretion [19, 33].
One of the early studies was performed in patients serially followed after acute myocardial
infarction; a sustained and prolonged decrease of total T3 (TT3) and fT3 was described, while
TT4 but not fT4 showed a transient decrease; thyroxine binding globulin (TBG) levels remained
unchanged, while thyroxine binding prealbumin (TBPA) and albumin exhibited a prolonged
fall. TSH, despite low T3, did not increase, remaining inappropriately low [34]. In this sense,
the increase of TSH was shown to be correlated with a good prognosis [35].
It has been reported that patients with heart failure have low T3 serum concentrations, which
correlate with cardiac function [36]. In advanced heart failure, a low fT3 index/reverse T3 ratio
was associated with higher right atrial pulmonary artery and pulmonary capillary wedge and
lower ejection fraction [26].
Low T3 syndrome has been considered a strong predictor of death and directly implicated in
poor prognosis of cardiac patients in a large group of patients admitted in a cardiology
department [37].
TH are implicated in metabolic function of myocardial cells; they have been shown to inversely
correlate with Coenzyme Q10 (CoQ10), a component of mitochondrial respiratory chain, also
endowed with powerful antioxidant properties [38]. Preliminary data of our group in patients
studied after major heart surgery showed low T3 levels concurrently with signs of tissue
hypothyroidism (elevated CoQ10 levels) [39]. In fact we found CoQ10 levels, evaluated by high
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performance liquid chromatography (HPLC), in the hypothyroid range, despite the fact
cardiac diseases are well known to be associated with low CoQ10.
The studies in pulmonary disorders have not been so extensively investigated [40-42]. In the
just cited paper, low T3 state was again considered a predictor of outcome in respiratory failure
[28]. Among chronic conditions, no conclusive data are reported on chronic obstructive
pulmonary disease (COPD), as reported in a recent review [43]. No clear evidence of thyroid
function alteration has been reported in such a condition [44], although in patients with severe
hypoxemia a strong positive correlation between total T3/total T4 ratio (TT3/TT4) and PaO2 has
been described [45]. Increased fT3 concentrations have been reported in stable COPD, with a
positive association to PaCO2 [46], while others reported lower total T3, fT3 and TT3/TT4 ratios
in patients with severe hypoxemia [47]. Low Forced Expiratory Volume at 1st second (FEV1) is
associated with low basal and stimulated levels of thyroid stimulating hormone (TSH) [48];
however the impact of hypoxemia on TSH response to exogenous thyrotropin releasing
hormone (TRH) is controversial [45,46].
We have recently studied patients with COPD, evaluating lung parameters and antioxidant
parameters, due to a possible involvement of OS in NTIS (see below). COPD is a complex
condition, which cannot be considered a lung-related disorder, but rather a systemic disease
also associated to increased oxidative stress. We evaluated thyroid hormones and antioxidant
systems, the lipophilic CoQ10 and total antioxidant capacity (TAC) in COPD patients to reveal
the presence of a low-T3 syndrome in COPD and investigate the correlation between thyroid
hormones, lung function parameters and antioxidants. The evaluation of CoQ10 was particu‐
larly interesting, also for the energetic role of this molecule, which is a component of the
mitochondrial respiratory chain, as above stated; its concentrations were also corrected for
cholesterol, due to its lipophilic nature. We studied 32 COPD patients and 45 controls; CoQ10
was assayed by HPLC; TAC by the metmyoglobin-ABTS method and expressed as latency
time (LAG) in radical species appearance. We found significantly lower LAG values, fT3 and
fT4 levels and significantly higher TSH in COPD patients vs controls. LAG values significantly
correlated with fT3 concentration. Twelve out of 32 patients exhibited fT3 levels lower than
normal range. When dividing COPD patients in two groups on the basis of the fT3 concentra‐
tion (normal fT3 COPD and low fT3 COPD), we observed lower LAG values in normal fT3COPD, compared to healthy subjects, with a further significant reduction in low fT3-COPD
patients. Moreover higher TSH concentrations were present in normal fT3-COPD, compared
to healthy subjects, with a further significant increase in low fT3-COPD patients. CoQ10/
cholesterol ratio was higher in low fT3-COPD vs normal fT3-COPD, with a nearly significant
difference.These data seem to indicate an increased oxidative stress in low fT3-COPD and a
role of fT3 in modulating antioxidant systems. However low fT3 levels are joined to metabolic
indexes of true hypothyroidism, suggesting that elevated CoQ10 expresses a reduced tissue
utilization. Interestingly, there was no significant difference in lung parameters when com‐
paring normal- or low-fT3 COPD patients, according to the definition of COPD as a systemic
disease, with respiratory parameters unable to define the severity of disease. In fact metabolic
dysfunctions (i.e. osteoporosis, vascular and cardiac involvement, muscle impairment) play a
role in the natural history of disease but were found poorly related to respiratory impairment,
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underlying the need of indexes related to a real tissue condition; the pattern of fT3 could
indicate such a situation, as reinforced by the pattern of CoQ10 levels; decreased plasma
antioxidant capacity and increased CoQ10 levels in low fT3-COPD again suggested a possible
condition of hypothyroidism at tissue levels [49].
The thyroid function has been investigated in patients with acute kidney injury. TSH levels
inversely correlated with urea concentrations. 82.9% of patients exhibited alteration in thyroid
function, especially low-T3. This picture was ameliorated by improvement of renal function.
No prognostic role was attributed to this dysfunction [50].
Primary hypothyroidism (non-autoimmune) is often observed in patients with chronic kidney
disease (CKD); in particular the prevalence of subclinical hypothyroidism is related to GRF
decline [51]. The earliest and the most common thyroid function abnormality in CKD patients
is a low T3 level (especially TT3 than fT3) [52]. The mechanisms for T3 decrease in this condition
are: fasting, chronic metabolic acidosis and chronic protein malnutrition, influencing T4
deiodination, as well as protein binding of T3. Moreover, inflammatory cytokines such as
tumor necrosis factor (TNF)-α and interleukin (IL)-1 inhibit the expression of type 1 5’deiodinase (see below), which is responsible for peripheral conversion of T4 to T3 [53].
Alteration of renal handling of iodine can increase serum iodine levels, causing a prolonged
Wolff – Chaikoff effect [54]. A prognostic role has been attributed to the hormonal marker: the
low fT3 levels in CKD patients have been correlated with higher levels of markers of inflam‐
mation [highly sensitive C-reactive protein (hsCRP), IL-6, etc.], malnutrition (lower prealbu‐
min, IGF-1), increased endothelial dysfunction, poorer cardiac function, poor survival, and
higher all-cause as well as cardiovascular mortality in some studies [53, 55].
Little is known in TH alterations in acute liver failure (ALF) [56]. An animal model was
investigated (pigs subjected to surgical liver devascularisation). In this case serum T4 and T3
levels were markedly decreased, but fT3 and TSH did not change. The downregulation of T4
and T3 levels during ALF seems to correlate well with the severity of disease and was also
related to alteration in parameters of inflammation, oxidative stress and myocardial thyroid
receptors; thus the mechanisms in this case seem to be very complex. In humans acute liver
failure (ALF) is accompanied by hormonal implications, as has been recently shown for the
hepatoadrenal syndrome [57], since an unexpected incidence of adrenal failure was discovered
in ALF and post-transplantation patients; a glucocorticoid treatment can influence outcome.
Thyroid function alterations have been described during chronic liver failure [58-60]; a low
T4-variant of NTIS has been described in a subgroup of patients with cirrhosis at risk for
decreased survival [58]; serum levels of fT3 and TT4 (but not TT3 and fT4) were significantly
lower in patients with hepatic encephalopathy compared to decompensated cirrhotic patients
without encephalopathy [60]. Much less clear data are available for ALF [61, 62]. In cirrhotic
and also in acutely ill patients from various etiologies, derangements of thyroid hormones are
common (up to 79% in the latter group, as reported from autoptic observations) [63].
Finally, during starvation (especially carbohydrate deprivation) deiodination of T4 to T3 is
rapidly inhibited, causing the low-T3 syndrome [1, 21, 64]. Interestingly, caloric depriva‐
tion can be also a major factor influencing TH in severe illness, as demonstrated in bacterial
sepsis [65].
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A particular model is that of eating disorders, especially anorexia nervosa, in which low-T3 is
accompanied by a constellation of hormone alteration, index of hypothalamic derangement
[66]. Other psychiatric models should be considered with caution when evaluating thyroid
alterations, due to other interfering factors, such as the underlying psychiatric disorder,
substance abuse or other medications [67].
On the basis of the reported studies and other reviews [68, 69] we can summarized the main
variations in the pituitary-thyroid axis as reported in Fig. 1, according to the severity of NTIS.

Figure 1.

3. Physiopathological mechanisms
Various mechanisms are responsible for the TH pattern observed in different situations,
keeping in mind the difference between “acute” and “chronic” phases and possible differences
related to the underlying diseases. They can summarize in four categories: central TSH
regulation, TH blood transportation, peripheral metabolism by deiodinases, actions at
receptorial and post-receptorial levels.
a.

Central regulation of TSH

Basal TSH levels are usually normal or low, but not extremely inhibited [1, 70, 71]; in most
cases they are inadequate in respect to thyroid hormone levels. The response to TRH is variable,
ranging from blunted to normal response [72, 73]; the response to TRH, even in presence of
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low basal level, can be interpreted as a sign of hypothalamic dysfunction, according to data
concerning other hormones (gonadotropins, ACTH-cortisol axis) [13, 74]. Absence of circadian
rhythm has been reported [75]. The variation of glicosilation is responsible for reduced
bioactivity [76]. The finding that TH alterations are partially reversed by the combined infusion
of TRH and GH secretagogues [77] reinforces the role of central component of NTIS.
b.

Transportation

Also transportation of thyroid hormones is altered; Thyroxine binding globulin (TBG) has been
shown to be reduced, probably for increased cleavage by proteases. The binding to transport
protein is also negatively influenced by inhibitors (not only in serum, but also in tissues),
therefore influencing the metabolism of TH [1]. Recently, decrease of TBG, determined by RIA
or radioimmunodiffusion, albumin and transthyretin (TTR) have been described in septic
patients [78]; therefore the total binding power of serum is low, in the view of authors, without
the need to postulate the effects of additional factors, such as binding inhibitors or modification
of binding affinity.
c.

Deiodinase

A lot of studies concern the activity of deiodinases, the main group of enzymes, which by
removal of iodine, catalyze activation or inactivation of TH. They are selenoproteins, members
of the thioredoxin family, and require a thiol cofactor for their activity [20,79]. The activation
of prohormone T4 into the biologically active hormone T3 is catalyzed by type 1 (D1, encoded
by DIO1) and type 2 (D2, encoded by DIO2) via deiodination of the outer ring; on the contrary,
the removal of inner ring iodine is catalyzed by type 3 (D3, encoded by DIO3), causing
inactivation of both T4 and T3 [80]. In humans, 80% of circulating T3 comes from deiodination
by D1 and D2, while the other 20% comes directly from thyroid secretion. The most common
alteration in NTIS patients is a decrease in T3, caused by reduced conversion of T4 to T 3 [81].
The Deiodinase 1 is down regulated, as demonstrated in liver, causing reduced T3 generation
[1]. Deiodinase 3 is instead increased, as observed in liver and muscle, especially in the case
of low tissue perfusion, and the conversion of T3 to reverse-T3 (rT3) is a mechanism reinforcing
the low T3 levels [80]. However, central and peripheral deiodinases are differently regulated;
T3 in the pituitary are normal since local deiodinaton is enhanced, thus the pituitary is actually
euthyroid and therefore TSH circulating levels inappropriate to other tissue fT3 levels [1]. The
role of D3 has recently been reviewed [82]. Moreover more recent studies focused on modu‐
lation of deiodinases activity, rather than their levels (see below).
d.

Thyroid receptors and Postreceptorial mechanisms

It has been shown that thyroid hormone receptors (TR) are down-regulated in skeletal muscle
of patients with non-septic shock; in particular they showed lower expression of TR-β, TR-α1
and their nuclear partner retinoid X receptor γ (RXRG) [83]. The RXRA gene expression was
higher, even if its protein was lower, suggesting the existence of post-transcriptional mecha‐
nisms that down-regulate protein levels. Nuclear factor of kappa light chain enhancer of
activated B cells (NkFB), a transcriptional factor involved in immune and inflammatory
response, attenuates the induction of DIO1 by T3 [84]; however NkFB1 activation was not
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different in comparison to control subjects. However the results are not unequivocal, since
there results were not reproducible in cultures of human smooth muscle cells (HSkMC)
incubated with the patients’ serum [83].
Molecular mechanisms of thyroid action in NTIS have been recently investigated in other
models, studying, other than TR, also the transporters, which allow TH to be transported across
the plasma membrane in order to be metabolized and interact with their receptors. Monocar‐
boxylate transporter 8 (MCT8) has been shown to be a very active and specific transporter [85].
Moreover, other proteins modulate the transcription function of TR, acting as coactivators or
corepressors; among the latter the silencing mediator of retinoid and TR (SMRT) via histone
deacetylation [86]. In patients with septic shock, skeletal muscle expression of TR-β1, RXRG
and D2 was lower than in control group and RXRA was higher. In subcutaneous adipose tissue,
the authors found lower MCT8, TRHB1, THRA1, RXRG and SMRT and higher UCP3 expres‐
sion, suggesting decreased thyroid hormone action [87].
Interestingly, the reduced expression of TH transporters has been considered a compensatory
mechanism (rather than a cause of low- T3), strongly suggesting a real hypothyroidism at tissue
levels in such a condition [88].

4. The role of cytokines
The role of cytokines, as key molecules involved in coordinating the hormone, immune and
inflammatory response to a variety of stressful stimuli, has been largely investigated [1].
In a series of septic patients studied shortly after admission to an ICU, TT4, fT4, TT3 and TSH
were depressed, and IL-1B, sIL-2R and TNFα were elevated [89] suggesting central suppres‐
sion of TSH, even if the relationship with cytokines was not so clear. The hypothalamicpituitary-adrenal axis was activated as expected. It has been shown that continuous infusion
of IL-1 in rats cause suppression of TSH, T3 and fT4; higher doses of IL-1 were accompanied
by a febrile reaction and suppression of food intake, with a cascade of events altering thyroid
hormone economy [90], but IL-1 did not reproduce the decrease in hepatic 5’-deiodinase
activity believed to be characteristic of NTIS.
TNF is another proinflammatory cytokine that is thought to be involved in many of the illnesses
associated with NTI. Infusion of rTNF in man produced a decrease in serum T3 and TSH and
increase in r T3 [91]. These studies suggest that TNF could be involved in the IL-6-mediated
activation of hypothalamic-pituitary axis. Also in this case other data did not confirm the role
of TNF, since the effects of endotoxin of TH in humans were not counteracted by the TNFα
blockade by specific IgG fusion proteins [92]. TNFα was found during in vitro studies to
activate NkFB [93], which in turn inhibits the T3-induced expression of D1 as above reported.
On the contrary, an important role has been attributed to IL-6, which is often elevated in serum
of NTIS patients [94] and its level is inversely related to T3 levels [95]. Short term infusion of
rIL-6 to human volunteers [96] caused a suppression of TSH, but daily injections over 42 days
cause only a modest decrease in T3 and a transient increase in r T3 and in fT4 concentrations.
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More recent evidences on the role of IL-6 have been reported by studies in human cell lines:
the effects of IL-6 on both endogenous cofactor-mediated and dithiotreitol-stimulated cell
sonicate deiodinase activity have been studied [80]. In this model T3 generation by D1 and D2
was suppressed by IL-6, despite an increase in sonicate dediodinases (and mRNAs): this
inhibitory action was prevented by addition of N-acetyl-cysteine (NAC), an antioxidant that
restores intracellular glutathione (GSH) concentrations. The interest of the paper is also the
link of deiodinase activity and OS (see below).
Finally, the potential interaction between the complex network of cytokines and the hypo‐
thalamic pituitary thyroid axis, even if is not possible to build a simplistic model, probably
plays a pathogenetic role in NTIS [1]. The role of cytokines in eating disorders and related TH
alterations has also been reviewed [97].

5. Oxidative stress in NTIS
Previous studies have shown that both hyperthyroidism and hypothyroidism are associated
with enhanced oxidative stress involving enzymatic and non-enzymatic antioxidants [98].
Besides, some complications of hyperthyroidism are due just to the oxidative stress in target
tissues [99]. Thyroid hormones per se can act as oxidants and produce DNA-damage (con‐
trasted by catalase), probably through the phenolic group, similar to that of steroidal estrogens
[100]. Many other mechanisms, reviewed by Venditti & Di Meo [101], can be involved, with a
specificity in tissue response. We recently reviewed the relationships between thyroid
hormone, OS and reproduction [102].
At a systemic level, also in humans, hyperthyroidism has been associated with reduced
circulating levels of alpha-tocopherol [103, 104] and Coenzyme Q10 [38, 104]. Coenzyme Q10
showed a trend to increase in hypothyroidism [38]; it appeared to be a sensitive index of tissue
effect of thyroid hormones, in situations in which drug interference, such as amiodarone [105]
or systemic illness inducing a low-T3 conditions [106] complicate the interpretation of thyroid
hormone levels. However, data on hypothyroidism in humans are conflicting [102]. Baskol et
al showed in a group of 33 patients with primary hypothyroidism elevated malondialdehyde
(MDA) and nitric oxide (NO) levels and low paraoxonase (PON1) activity, while superoxide
dismutase (SOD) was not different from controls. Interestingly, thyroid treatment decreased
MDA and increased PON1, without reaching levels observed in controls [107]. They concluded
that a prooxidant environment in hypothyroidism could play a role in the pathogenesis of
atherosclerosis in such patients. Elevated MDA levels were also shown in subclinical hypo‐
thyroidism [108]; the increased in OX was attributed to lack of antioxidants but also to altered
lipid metabolism, since MDA showed a correlation with LDL-cholesterol, total cholesterol and
triglycerides. Total antioxidant status (TAS) was similar in overt hypothyroidism, subclinical
hypothyroidism and controls.
Another study [109] showed increased levels of thiobarbituric acid reactive substances
(TBARS), but also of antioxidants, such as SOD, catalase (CAT) and Vitamin E. All these
parameters correlated with T3; moreover the correlation between T3 and CAT remained
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significant also when corrected with total cholesterol. This datum was not confirmed by other
authors [110, 111]. We showed low Total Antioxidant Capacity (TAC) levels in hypothyroid
patients and increased CoQ10 levels also in secondary hypothyroidism (mainly due to its
metabolic role in mitochondrial respiratory chain and therefore underutilized in hypothyroid
tissue). In the last case, hypothyroidism has a predominant effect on the possible decreasing
effect of OS [112].
Different conditions with NTIS are associated to OS, due to augmented production of radical
oxygen species (ROS) or nitrogen species [113]; since thyroid hormones, as above stated, can
increase ROS generation, OS could be viewed as a compensatory mechanism since, decreasing
metabolic rate, could protect against further radical generation. A reducing environment is
maintained in the cytosol by intracellular thiols, especially GSH and Thioredoxin (TRX), which,
as we have seen, are cofactors for deiodinases. Therefore their depletion, due to buffering effect
against radical propagation, could interfere with the conversion of T4 to T3 [79]. Moreover,
another reported mechanism is the nuclear sequestration of the SECIS binding protein 2 (SPB2),
which reduces incorporation of selenocysteine residues in the selenoproteins [114]. IL-6 is
known to induce OS, therefore an unifying hypothesis is cytokine-induced OS and a secondary
alteration of expression and activity of deiodinases [79]. However further studies can clarify
these complex interaction and especially the potential role of antioxidant in protecting against
OS in NTIS.
On the basis of the physiopathological studies above reported, we can conclude that the
alterations of pituitary-thyroid axes do not only depend from the severity of the disease, but
also from the nutritional status of the patients and their inflammatory response, also related
to oxidative stress (see fig. 2).

Figure 2. Interaction of factors influencing pituitary-thyroid axis
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6. Treatment
Controversial results have been reported on the topic of replacement therapy. The replacement
therapy with 1.5 μg/Kg BW L-thyroxine iv was able to restore normal T4 levels, but not T3
levels, without effect on mortality, which remained at 80% both in treated patients and control
groups [115]. Similarly, another study in burns, using 200 μg T3/daily, did not show significant
benefits [116].
Despite studies in animals were in favour of a positive effect in experimental renal failure [1],
in humans an increased mortality was showed in a group of acute renal failure treated with
L-thyroxine and no beneficial effect of T3 was observed in transplanted patients [117,118].
Studies in humans showed a slight cardiovascular benefit in patients with shock, respiratory
disease, coronary artery bypass draft, premature infants [1, 119].
The discrepancies in the reported study, however, can be attributed to different severity of
low-T3, different schedule of treatment, clinical situations with very different physiopathology,
so that it is difficult to obtain a definitive conclusion.
Other interventional studies are reviewed by Bello et al. [19], showing in their complex a
beneficial effects on cardiovascular parameters, but not unequivocal benefit of patients’
outcome. In fact, in patients with dilated cardiomyopathy, the administration of TH signifi‐
cantly increased left ventricular end-diastolic volume and stroke volume while decreased heart
rate [120]. In patients studied after coronary artery bypass surgery, the administration of
intravenous T3 or placebo produced an increase in cardiac output and lowered systemic
vascular resistance, without influencing the patients’ outcome and therapeutic schedules [121].
In contrast, another study [122] performed after elective coronary artery bypass grafting
showed a beneficial effect of intravenous T3 administration on incidence of postoperative
myocardial ischemia and on need for pacemakers or mechanical cardiac support devices. It
must be reminded that the administration of TH can directly influence myocardial oxygen
supply and demand, causing myocardial ischemic events, even in the absence of coronary
artery stenosis or spasms, as reported in some cases [123].
Similar conclusions, biochemical rather than clinical advantage, were drawn in a group of
patients after acute burn injuries [124].

7. Conclusion
In conclusion, we cannot answer the dilemma, just poned by eminent authors [125,126], about
the treatment of low T3 in NTIS. Some data argue in favour of a real hypothyroidism at tissue
level in NTIS; therefore this condition cannot be simply considered an adaptive response.
Probably, a full understanding of molecular mechanisms, which cause or are a consequence
of low T3 levels, will allow choosing patients who can really have a benefit from replacement
therapy and the appropriate schedule of treatment.
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1. Introduction
Over the last decades, ultrasound has become the leading imaging technique used in the
diagnostic workout of thyroid diseases. Thanks to rapid technical improvement, we are
now able to differentiate precisely even very small lesions in the thyroid tissue, which
previously would have stayed unrecognised. Similarly, the Doppler techniques are able to
visualise blood perfusion in the thyroid parenchyma, thyroid nodules and lymphatic nodes
with an excellent precision. Due to its availability, low financial cost, noninvasivity and a
lacking radiation load, ultrasound is widely used as the imaging method of choice in the
diagnosis of thyroid pathologies. In many countries, it has replaced radionuclide techni‐
ques, which are now being used only in specific diagnostic questions or in the treatment
of selected thyroid disorders.
In this Chapter, we are going to review the role of thyroid ultrasound in the diagnostic workout
of thyroid diseases with focus on hypothyroidism. We are going to discuss ultrasound
appearance of the thyroid tissue in various thyroid diseases leading to thyroid dysfunction,
including thyroid disease in pregnancy and postpartum thyroiditis. We are also going to
present interesting cases from our experience.
1.1. Basic principles of ultrasound
As many other important inventions, ultrasound was originally developed for military
purposes. It was used in World War I and II in the location of submarines. Sonar was able not
only to precisely measure the depth of a reflecting surface under water, but it could also
identify an object in motion. In 1950, ultrasound was introduced into medicine as a research
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tool in the USA; and in 1965, the Jutendo Medical Ultrasound Research Centre in Japan was
founded [1].
Basically, an ultrasound probe acts as a transmitter and a receiver of ultrasound waves at the
same time. Visualisation of a structure of an organ is made possible by an analysis of the
received altered ultrasound waves that were reflected and refracted at the interfaces of various
tissues. Ultrasound is a longitudinal sound wave of frequency higher than 20 kHz. For medical
purposes, the usually used frequency varies between 2-18 MHz, depending on the examined
tissue (for thyroid ultrasound typically 7.5-10 MHz). The source of these waves is a quartz
crystal placed in a transducer probe. It generates and receives waves using piezoelectric effect,
which is based on rapid deformation of a piezoelectric crystal by an applied electrical charge.
Accordingly, when the piezoelectric crystal absorbs the mechanical energy of ultrasound
waves, it produces an electric current. This ability is used for the detection and display of the
reflected waves. The wave reflection occurs at the interface of tissues with different acoustic
impedance. The greater the difference in impedance of each tissue, the greater the amount of
energy reflected back.
Tissues with frequent interfaces such as normal thyroid gland display as hyperechogenic area;
in contrast, structures with no interfaces such as cysts full of liquid are anechogenic. Twodimensional map of the layout of echogenicity is called B-mode and it is used as the basic
display mode in thyroid sonography. Another mode used for displaying the vascularisation
of tissue is the Doppler mode. It is based on Doppler’s effect: the shift in frequency and
wavelength of reflecting waves caused by reflection from moving objects (red blood cells
circulating in vessels). This frequency shift displays as a colour-coded overlay on top of a Bmode image (colour Doppler) [2].
1.2. The use of thyroid ultrasound in the world
The indications for thyroid ultrasound (TUS) vary considerably across the world, as well as
the availability of ultrasound devices and physicians´ competences. According to the guide‐
lines of the American Thyroid Association (ATA) for management of hypothyroidism, the
“uncomplicated hypothyroid patients are usually observed by primary care physicians and
there is no recommendation to do TUS in these patients” [3]. In Europe, the situation is
different: many hypothyroid patients with Hashimoto thyroiditis are followed by an endocri‐
nologist during their whole life. For example, in our country (the Czech Republic), TUS belongs
to the elementary diagnostic methods in the diagnostic process (together with the laboratory
assessment of the thyroid stimulating hormone /TSH/, free thyroxine /FT4/and autoantibodies
against thyroid autoantigens).
While in the United States the TUS is usually performed by a radiologist and it is used primarily
in the management of thyroid nodules and thyroid carcinoma, the European endocrinologists
do the ultrasound often themselves in their outpatients departments. In Europe, thyroid
ultrasound is used much more frequently than in the USA, e.g. if the cause of hypothyroidism
is unclear; in the differential diagnosis of hyperthyroidism, in amiodarone-induced thyroid
disease etc. (Kahaly et al. 2011).

The Role of Ultrasound in the Differential Diagnosis of Hypothyroidism
http://dx.doi.org/10.5772/54678

1.3. The ultrasound image of a normal thyroid gland
In order to interpret the ultrasound findings correctly, it is important to be familiar with the
anatomy of the thyroid gland. The thyroid is situated in the anterior region of the neck, below
the thyroid cartilage with the isthmus located inferior to the cricoid cartilage. In the transversal
plane, thyroid lobes are bounded by infrahyoid muscles (anteriorly), trachea (medially),
carotid arteries (laterally) and oesophagus (usually on the left) and prevertebral fascia
(posteriorly) (Fig. 1). In the elderly, the thyroid gland shifts caudally and often partially
retrosternally. In general, the right thyroid lobe is larger than the left one. Rarely, we may
visualise the processus pyramidalis as a thin finger-like structure emerging from the isthmus.
It is important to check the presence of absence of the lobus pyramidalis especially in patients
planned for total thyroidectomy – we have encountered a relapse of Graves´ disease in a
forgotten lobus pyramidalis after total thyroidectomy. Anteriorly, the lobes are covered by the
infrahyoid and laterally by the sternocleidomastoid muscles. These muscles are important for
the evaluation of the echogenicity of the thyroid parenchyma: a healthy thyroid is relatively
hyperechogenic as compared to the echogenicity of the muscles.
The size of the thyroid is calculated in millilitres as the sum of the volumes of both lobes
(isthmus is neglected). The volume of one thyroid lobe is calculated as:
V (ml) = width x depth x length x 0.479 (cm)
Normal thyroid volume in females is less than 18 ml and in males less than 22 ml. In our
experience – in an iodine-sufficient country – the thyroid volumes are generally much smaller
(irrespective of the thyroid function) [4]; and true goitres are rare. The lower threshold of
normal thyroid volume has not been determined.
The blood is supplied to the thyroid abundantly by the superior and inferior thyroid arteries.
Thyroid veins form a thick plexus around the gland. Sometimes, relatively strong vessels occur
also inside the parenchyma and it is important to differentiate them from pseudocysts or small
hypoechogenic nodules by the Doppler or by the movement of the probe. Perfusion of the
thyroid increases on several occasions: in the settings of an increased cardiac output (a stressed
patient), in gravidity, during an active autoimmune inflammation – active Graves´ disease or
Hashimoto´s thyroiditis and in untreated primary hypothyroidism because of TSH stimula‐
tion. In Graves´ disease, the perfusion is very high (typically of the image of a so called “thyroid
inferno”). Doppler imaging of the thyroid perfusion is crucial in the differential diagnosis of
thyrotoxicosis: increased in Graves´ disease and hyperfunctioning nodules, decreased in
breakdown of the thyroid tissue – as is the case of postpartum thyroiditis, De Quervain
thyroiditis or amiodarone-induced thyrotoxicosis type 2.

2. The use of TUS in the differential diagnosis of hypothyroidism
Thyroid ultrasound is crucial in the differential diagnosis of hypothyroidism, particularly, if
thyroid antibodies are negative. It allows us to determine whether the thyroid is present and
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Figure 1. Normal TUS image of left thyroid lobe (euthyroid patient with negative thyroid autoantibodies). Note the
low perfusion on the Doppler imaging (right).

to visualise the parenchyma. In this part of the Chapter, we will summarise the ultrasound
findings in individual causes of hypothyroidism.
2.1. Rare causes of hypothyroidism
Inborn developmental defects belong among the very rare causes of hypothyroidism: most
often hypoplasia, less frequently agenesis or hemiagenesis of the thyroid gland; and ectopic
thyroid tissue. These defects are generally diagnosed in early childhood. In children, TUS is
performed in cases of positive screening for congenital hypothyroidism. Moreover, scintigra‐
phy may provide the best information on developmental thyroid defects.
2.2. Postoperative states
Hypothyroidism may also develop in patients after total thyroidectomy without an adequate
levothyroxine substitution. TUS is important especially in elderly patients with a cognitive
deficit and without an obvious scar on the neck. Moreover, TUS should be performed in all
patients after total thyroidectomy in order to evaluate a possible presence of a residual thyroid
tissue. After thyroidectomy, TUS shouldn´t be performed earlier than two or three months
after operations due to the tissue oedema. Patients with thyroid residue should be substituted
with higher doses of levothyroxine in order to achieve serum TSH levels in the lower part of
the normal reference range (due to an increased risk of thyroid carcinoma in remnant thyroid
tissue). Ultrasound image of a patient after total thyroidectomy is shown in Fig. 2.
2.3. Iodine deficiency
From the global point of view, iodine deficiency constitutes a major epidemiological problem.
According to the WHO statistics, approximately 13% of the world population has a goitre
caused by iodine deficiency [5]. In the developed countries, severe iodine deficiency contrib‐
utes to the manifest hypothyroidism only to a small extent, although even a milder deficiency
may predispose to thyroid dysfunction, e.g. in pregnancy. The typical ultrasound finding in
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Figure 2. Absent thyroid gland in a patient after total thyroidectomy due to papillary thyroid carcinoma. Note fibrous
tissue without residual thyroid parenchyma in the thyroid beds.

iodine deficient patients is a diffuse goitre which often becomes nodular (Fig.3 ). The perfusion
is normal. Enlargement of the thyroid gland is an adaptive process in low iodine intake and it
can sometimes lead to dysphagia or dyspnoe due the compression of oesophagus and trachea,
respectively. Narrowing of the trachea may be visualised on TUS, but the goitre often reaches
below the sternum and it is thus inaccessible for TUS examination. In these cases, we indicate
CT scan in order to describe the size of the gland and the extent of trachea compression. Such
information are crucial for the decision whether to operate and from which surgical access
(classical or through sternotomy).

Figure 3. TUS of a diffuse goitre in a euthyroid patient (on the left) and multinodular goitre (on the right).
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2.4. Hashimoto´s thyroiditis (autoimmune thyroiditis)
The most common cause of hypothyroidism in iodine sufficient areas is the Hashimoto´s
thyroiditis - HT (autoimmune thyroiditis, chronic lymphocytic thyroiditis). HT with the
presence of goitre may be more frequently observed in iodine-deficient areas, whereas the
majority of patients with HT in iodine- sufficient areas have a normal thyroid volume. In Greek
children, the thyroid volume was associated with the degree of hypothyroidism, it positively
correlated with serum TSH concentrations, and it decreased after treatment with levothyroxine
[6], [7]. The typical TUS appearance of autoimmune (Hashimoto´s) thyroiditis includes an
inhomogenous, hypoechogenic pattern (as compared to the echogenicity of the neck muscles).
Vascularisation of the thyroid gland may be diffusely increased (Fig. 4). In cases with severe
hypothyroidism with TSH up to 100 mIU/l and more, which may occur e.g. after delivery, the
thyroid gland increases dramatically its volume and the ultrasound image may be one of a
very hypoechogenic goitre with fibrotic septae (honeycomb-like) (Fig. 5).

Figure 4. Typical TUS image of Hashimoto´s thyroiditis (TSH 17 mIU/l, highly positive thyroid autoantibodies). Note
the inhomogenous and hypoechogenic thyroid texture.
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Figure 5. TUS image of the right thyroid lobe in a patient with Hashimoto´s thyroiditis with a large goitre.

It is important to mention that Hashimoto´s thyroiditis may also have a different appearance
on the ultrasound. Atrophic thyroiditis is a common variant of HT, especially in a long-term
active disease. A progressive fibrotisation in the inflammatorily changed tissue may lead to
an atrophy of the parenchyma with a significant reduction in the thyroid volume. This
corresponds to the ultrasound finding of a very small and inhomogeneous thyroid gland,
which may be both hypo- and hyperechogenic (in case of an advanced fibrotisation) (Fig. 6).
Moreover, some patients with positive antithyroid antibodies and thyroid dysfunction may
have a normal echogenicity of the parenchyma, which is filled with small sharply circumscri‐
bed hypoechogenic lesions, which look like moth-eaten (Fig. 7). It is unknown what mechanism
predisposes individual patients to which ultrasound image of thyroiditis.

Figure 6. TUS of atrophic thyroiditis (a patient with mild hypothyroidism: TSH 9.43 mIU/l, highly positive anti-TPO anti‐
bodies).
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Figure 7. TUS picture of a “moth-eaten thyroid” in patient with HT.

TUS does not always correspond to the laboratory results. As we discuss later, the discrepancy
between TUS image and the degree of antithyroid antibodies-positivity may be particularly
striking during pregnancy.
Usually, upon the diagnosis of hypothyroidism, a positivity of thyroid antibodies is regarded
as an evidence of an autoimmune thyroid disease. However, according to some studies,
autoimmune pattern in TUS is more specific for the diagnosis of autoimmune thyroid disease
(AITD) than the positivity of antibodies. In the study of Rago et al., during three years of followup none of the TPOAb-positive patients with negative TUS developed hypothyroidism, in
contrast to 58 % of the TPOAb-positive euthyroid patients with positive TUS who became
hypothyroid[8]. Moreover, thyroid dysfunction was found in 13.7% of patients with thyroid
hypoechogenicity with negative antibodies in comparison to none of the antibody-negative
subjects with normal TUS [8]. This suggests that TUS is a useful diagnostic method in the
evaluation of the risk of developing hypothyroidism.
2.5. Subacute (De Quervein’s) thyroiditis
Subacute (De Quervein’s) thyroiditis is an inflammatory disease of the thyroid gland, which
usually occurs after a respiratory (viral, bacterial) infection. The initial phase of the disease is
characterised by hyperthyroidism accompanied by local migrating neck pain, increased
temperature and constitutional symptoms (myalgias, arthralgias, fatigue), and elevation of
serum acute phase proteins (C-reactive protein) and blood-sedimentation rate. Although it is
primarily not an autoimmune disease, approximately 15% of cases can transform into Hashi‐
moto´s thyroiditis and develop a permanent hypothyroidism with positive anti-thyroid
antibodies[9]. Typical TUS of subacute thyroiditis consists of irregularly shaped hypoecho‐
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genic areas (Fig. 8) which may contrast with areas of normal thyroid parenchyma in the in
initial phase. Hypervascularisation is not present. The extent of hypoechogenic areas within
the thyroid tissue is a positive predictor of subsequent long-term hypothyroidism – patients
with bilateral hypoechogenic areas at presentation had a six times higher risk of developing
permanent hypothyroidism than patients with unilateral hypoechogenic areas[10].

Figure 8. TUS image of subacute thyroiditis in the hyperthyroid phase (FT3: 10.7 pmol/l, FT4: 33.1 pmol/l, TSH: 0.039
mIU/l, antibodies negative). Note the low perfusion as shown by the Doppler imaging (right).

2.6. Amiodarone-induced hypothyroidism
Amiodarone is an antiarrhythmic drug often used in treatment of ventricular and supraven‐
tricular tachyarrhythmias. Each tablet contains about 37% (i.e. 75 mg) of organic iodide; 8-17%
of which is released as free iodide. Thus, a 100-mg tablet contains an amount of iodine that is
250-times higher than the recommended daily iodine requirement [11].
Autoimmune thyroid dysfunction occurs in up to 22% patients treated with amiodarone,
depending on the iodine saturation in the geographical area [12]. Amiodarone can cause both
hyper- and hypofunction of the thyroid gland, which may develop both in a normal thyroid
gland or in settings of a preexisting thyroid disease. Excessive iodine intake inhibits the
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synthesis of thyroid hormones in patients with Hashimoto´s thyroiditis and it may worsen the
hypothyroidism. High doses of iodine can damage the thyroid follicles and they may accelerate
the natural trend of Hashimoto´s thyroiditis toward hypothyroidism [13]. The ultrasound
image of amiodarone-induced hypothyroidism may be similar to the typical findings in an
autoimmune inflammatory thyroid process – an inhomogeneous hypoechogenic pattern (Fig.
9) ; or the thyroid gland may even have a normal texture.

Figure 9. TUS image in a 69-year-old patient who developed hypothyroidism after treatment by amiodarone.

3. TUS during pregnancy and postpartum
3.1. Changes of TUS image in pregnancy
The relationship between antithyroid antibodies-positivity and the TUS image may change in
the settings of altered hormonal state, e.g. in pregnancy. According to our findings, nearly a half
(42.5%) of the TPOAb-positive pregnant women do not have an autoimmune pattern in thyroid
ultrasound, while in the non-pregnant controls, it was only 22.4% [14]. In our study, we have
also shown that the occurrence of hypothyroidism in pregnancy and the rate of preterm delivery
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were linked to an autoimmune pattern in TUS. Thus, a normal TUS image in a TPOAb-posi‐
tive euthyroid pregnant woman might be a favourable predictive parameter[14].
3.2. Postpartum thyroiditis
The incidence of PPT is reported between 5-10% [15]. Postpartum thyroiditis (PPT) is a disease
that occurs in the relationship to pregnancy and it manifests itself by a transient thyrotoxicosis
with a following hypothyroidism. Usually, it occurs 2-6 months after delivery and it presents
with a few (4-8) weeks lasting hyperthyroidism, which may spontaneously resolve to a
euthyroid state or switch to hypothyroidism. Approximately one half of patients do not
develop temporary hyperthyroidism and the disease manifests itself by postpartum hypo‐
thyroidism [15]. Persistent hypothyroidism develops in 50 % of women with PPT[16]. More‐
over, TPOAb-positivity in the first trimester of pregnancy is associated with a higher risk of
developing PPT: almost 60% of TPOAb-positive women develop PPT [17], [18].

Figure 10. TUS of the left thyroid lobe of patient with PPT which occurred two months after delivery (TSH 0.024 mIU/l,
fT4 28.9 pmol/l, TPOAb 746 kIU/l). Four months after delivery, the patient developed hypothyroidism.
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The TUS image in PPT in both hyper- and hypothyroid phases includes typical autoimmune
pattern (enlargement, inhomogeneous hypoechogenic parenchyma with an increased vascu‐
larisation) (Fig. 10). There are no significant differences in the TUS image between these two
phases; probably because the transient hyperthyroidism is caused by disintegration of folli‐
cles during the inflammation processes in thyroid gland. Higher levels of TPOAb in preg‐
nancy are associated with a higher prevalence of ultrasound changes [19].

4. Interesting cases from our experience
4.1. Healthy women with autoimmune pattern in TUS
A 35-year-old healthy woman with no clinical signs and symptoms of hypothyroidism and a
negative history of thyroid disease was examined as a member of a control group in a clinical
study. Her thyroid laboratory tests were all normal (Table 1). Surprisingly, the ultrasound
examination revealed a typical image of Hashimoto´s thyroiditis: the thyroid parenchyma was
inhomogenous and hypoechogenic with an increased vascularisation. After three months, her
TUS findings remained unchanged and her TSH was again in the normal range. Next control
is scheduled in six months – these results are not yet available at the time of publication of this
Chapter.

First visit

After 3 months

Normal Ranges

0.800

1.967

0.5 – 4.9

free T3 (pmol/l)

5.1

-

3.4 – 6.3

free T4 (pmol/l)

14.6

-

11.5 – 22.7

45

-

0 – 60

52.5

-

0 – 60

TSH (mIU/l)

TPOAb (kU/l)
TgAb (kU/l)

Table 1. Laboratory findings in a healthy woman with a typical autoimmune pattern on thyroid ultrasound (Fig. 11).

It remains unclear whether thyroid dysfunction and/or antithyroid antibodies-positivity will
develop at a later stage or whether it is a variant of HT with negative antithyroid antibodies
and without progression to hypothyroidism. According to the results of an Italian prospective
study, euthyroid patients with autoimmune pattern in TUS are in a significantly higher risk
of developing hypothyroidism than those with positive antibodies but normal TUS. Corre‐
spondingly, individuals with both positive TUS and antibodies are in a higher risk than those
with positive antibodies but normal TUS[8]. It remains unclear how often and how long these
patients should be followed.
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Figure 11. TUS image in a young euthyroid woman with negative antithyroid antibodies.

4.2. Thyroid carcinoma in a pregnant woman
A 33-year-old pregnant woman was referred to our Outpatient department due to a small
nodule in the right lobe of her thyroid gland. Her laboratory findings were normal (TSH 1.606
mIU/l, FT4: 11.7 pmol/l, negative antibodies). In the third trimester of pregnancy, TUS and fine
needle aspiration biopsy (FNAB) were performed. On the TUS, two nodules (one hypoecho‐
genic and one isoechogenic) in the right lobe were visible. The rest of the thyroid tissue had a
normal ultrasound pattern. FNAB of the hypoechogenic one (Fig. 12) yielded a diagnostic
conclusion of Bethesda V (suspicion of malignancy).
A suppression therapy with 100 ug of levothyroxine per day was initiated. One month after
the delivery patient underwent total thyroidectomy with a histological finding of thyroid
papillary carcinoma. The tumour was clinically and histopathologically evaluated as low-risk,
thus radioiodine ablation was not performed. During one year of follow-up, no thyroid tissue
was found on the neck sonography and serum thyroglobulin remained undetectable.
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Figure 12. TUS image of a thyroid papillary carcinoma (8x6x12 mm) in a pregnant euthyroid TPOAb-negative woman.

4.3. Hypothyroid patient with AL amyloidosis
A 32-year-old woman with AL amyloidosis affecting the kidneys, liver, spleen, bone marrow
and intestine was referred to our Outpatient department in order to evaluate her TSH
elevation. The diagnosis of AL amyloidosis was made in 2006 through a kidney biopsy, which
was indicated because of a renal insufficiency (creatinine 180 umol/l) and proteinuria (15 g/
24h). The affection of other organs was subsequently confirmed by biopsies. At presentation,
the patient´s TSH was 8.073 mIU/l, fT4 16.7 pmol/l and antithyroid antibodies were negative.
The TUS yielded an image of a mildly inhomogeneous and hypoechogenic thyroid gland with
a normal vascularisation (Fig. 13). Cytological specimen obtained by FNAB proved an
infiltration of the thyroid tissue by amyloid. It confirmed thus the diagnosis of thyroid
amyloidosis. Substitution therapy with 50 ug of levothyroxine was started and the patient is
now euthyroid.
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Figure 13. TUS image of thyroid amyloidosis confirmed by cytology.

5. Conclusion
Thyroid ultrasound is an optimal initial imaging method in the evaluation of thyroid disorders
thanks to its noninvasivity, availability and no radiation load. It is widely used not only in the
management of thyroid nodules, but also in the diagnostic workup of thyroid dysfunction. In
a hypothyroid patient, the TUS may lead to cost savings: if a typical autoimmune pattern is
present on TUS, the measurement of antithyroid antibodies is not necessary for the diagnosis
of Hashimoto´s thyroiditis. Moreover, the ultrasound image contributes to the decision process
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whether to treat patients with positive antithyroid antibodies who are euthyroid or have only
a mild subclinical hypothyroidism. TUS in this setting is especially valuable in case of women
who wish to conceive or are pregnant.
In our opinion, TUS should be performed in all patients with thyroid dysfunction and, in case
of young women and pregnant women, also in those who are euthyroid but are positive for
antithyroid antibodies. Moreover, we believe that if we, the treating endocrinologists, perform
TUS by ourselves, we may improve the care of our patients.
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Do you regard hypothyroidism as a more complex issue than just a simple prescription of
levothyroxine tablet? Are you interested in getting more information on the management
of thyroid dysfunction in pregnancy, at birth, in childhood or in subclinical states? Have
you been thinking of performing thyroid ultrasound in hypothyroid patients by yourself,
or perhaps you already do it and are not so sure about it? Than this book should give you
some answers and help you form your own opinion. You will find there several excellent
review articles from authors from all over the world.
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