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Abstract
Thyroglobulin (TG) is a dimeric glycoprotein produced exclusively by mature thyroid tissue and stored within the follicular
lumen. It is essential for the organification of iodine and the production of thyroid hormones. The concentration of TG in the
bloodstream varies between individuals and depends on factors such as thyroid mass, stimulation of the gland by thyrotropin
or autoantibodies, and tissue destruction. TG is essential to monitor patients with differentiated thyroid cancer; however, its
use is not limited only to this clinical entity. Measurement of circulating TG can provide better insight into numerous clinical
scenarios, such as destructive thyroiditis, presence of ectopic thyroid tissue, thyroid trauma, factitious thyrotoxicosis, or
iodine nutrition. Lately, TG has found its new clinical use in immune checkpoint-related thyroid dysfunction. TG
measurement should be performed carefully in patients with antithyroglobulin antibodies due to possible laboratory
interferences. In this review, we offer a summary of current knowledge about the clinical use of TG and the implications it
brings to daily practice.
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Introduction

Thyroglobulin (TG) is a 660 kDa dimeric glycoprotein
produced exclusively by thyroid follicular cells and stored
in the extracellular space of the thyroid, within the apical
lumen. TG is crucial for the organification of iodine and is
an organic matrix for the synthesis of iodothyrosines. The
concentration of iodine in the bloodstream is low and its
uptake in the form of iodide (I-) is an active process
facilitated by the sodium/iodide symporter (NIS); later,
pendrin promotes the transport of iodide to the colloid.
Thyroid peroxidase (TPO) is responsible for hydrogen
peroxide-dependent oxidation of iodide. After rapid oxida-
tion, iodine is incorporated into TG (Fig. 1). Iodinated TG
can form monoiodothyrosine (MIT) and diiodothyrosine
(DIT), which are direct precursors of thyroid hormones. The
coupling reaction between MIT and DIT results in the
production of thyroid hormones: triiodothyronine (T3) and
thyroxine (T4). After TSH-dependent stimulation, colloid

TG undergoes endocytosis into thyroid follicular cells
(Fig. 2). Within the cells, protein cleavage leads to the
disengagement of thyroid hormones from TG. Thyroid
hormones are then released into the bloodstream, where
they can be bound to carrier proteins or remain free. TG is
generally reabsorbed into the follicular lumen; however,
under some conditions, it can be present in the bloodstream
at elevated concentrations [1].

TG can be seen as a marker of quantity, activity, and
destruction of thyroid tissue. Its concentration depends on
stimulation by thyrotropin (TSH) or TSH receptor auto-
antibodies. Therefore, TG levels increase in the bloodstream
in hyperthyroidism, goiter, thyroid cancer derived from
follicular epithelial cells, thyroid trauma, or destructive
inflammation [2–4]. On the other hand, TG might be below
the detection threshold in factitious thyrotoxicosis or certain
forms of congenital hypothyroidism when the TSH stimu-
lation is lacking or thyroid tissue is absent. It was shown
that circulating TG particles differ significantly according to
their molecular size and properties between patients with
subacute thyroiditis (SAT), Graves’ disease, and thyroid
cancer, suggesting different mechanisms of TG release
between these disorders, typically related to the mode of
transport across the cell wall [5]. Although the concentra-
tion of circulating TG depends greatly on the various
pathophysiological processes, it is possible for TG-specific
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laboratory assays to be interfered with by antithyroglobulin
antibodies (anti-TG abs) resulting in false positive or false
negative results. In our review, we present the less common
aspects of TG in daily practice. Table 1 contains a summary
of TG trends and use in different clinical scenarios.

Thyroid cancer

TG is a well-established marker used in the treatment of
patients with differentiated thyroid cancer: follicular and
papillary carcinoma, both of which originate from thyroid
follicular cells. High-sensitivity TG tests allow early sus-
picion or recognition of recurrence or spread of the dis-
ease. Therefore, clinical guidelines highlight the

usefulness of serum TG in adult and pediatric populations
to stage, treat, and detect recurrence of differentiated
thyroid cancer after radical treatment [6–8]. TG can be
measured at baseline or after stimulation by recombinant
human TSH. The suggested TG cut-off points differ
depending on the chosen modality of treatment (thyr-
oidectomy alone, thyroidectomy with radioactive iodine
[RAI] ablation of the residual tissue, lobectomy). The
European Society for Medical Oncology (ESMO) and the
American Thyroid Association (ATA) concluded that a
baseline TG concentration <0.2 ng/ml in patients after
total thyroidectomy with or without RAI indicates an
excellent response to treatment (no signs of persistent
thyroid malignancy) [6, 7]. An excellent response in
patients who underwent total thyroidectomy and

Fig. 1 Synthesis of TG and its
exocytosis into the apical lumen.
Iodination and conjugation of
TG. DIT diiodothyrosine, ER
endoplasmic reticulum, MIT
monoiodothyrosine, NIS
sodium/iodide symporter, TG
thyroglobulin. Created with
BioRender.com
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subsequent RAI treatment can also be defined as
TG < 1 ng/ml after stimulation with recombinant TSH
[6, 7]. On the other hand, the response to treatment is
considered biochemically incomplete if the baseline TG is
≥1 ng/ml or ≥10 ng/ml after stimulation with recombinant
TSH in patients after total thyroidectomy and RAI, and if
the TG is >5 ng/ml or continuously increases in patients
treated with total thyroidectomy without RAI [6, 7].
Whenever TG is checked, it is crucial to concomitantly
evaluate circulating anti-TG abs, as they can interfere with
the assays and produce false results [6]. Although high-
sensitivity TG is a staple of care in patients with differ-
entiated thyroid cancer, its clinical use could be limited in
certain scenarios, such as only partial removal of the gland
or no RAI ablation. However, since the main objective of

this article was not TG in thyroid cancer and numerous
other reviews and clinical guidelines focus on the topic,
we will refrain from further discussion.

Destructive thyroiditis: subacute thyroiditis

SAT, also known as de Quervain’s disease or subacute
granulomatous thyroiditis, is a destructive thyroiditis
caused by immune activation following viral infection.
Different viruses, such as mumps, rubella, adenoviruses,
coxsackieviruses, echoviruses, or recently SARS-CoV-
2, can precede the occurrence of SAT [9, 10]. The onset
of SAT is usually delayed several days, if not weeks,
after infection. In some cases, the disease can be

Fig. 2 Endocytosis of TG from
the apical lumen and cleavage of
thyroid hormones. DIT
diiodothyrosine, MCT
monocarboxylate transporter,
MIT monoiodothyrosine, T3
triiodothyronine, T4 thyroxine.
Created with BioRender.com
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recurrent and certain populations are at increased risk of
developing SAT due to genetics. Human leukocyte
antigens (HLA) B*35, HLA B*18:01, HLA DRB1*01,
and HLA C*04:01 are known risk factors for the devel-
opment of SAT [11]. The disease typically evolves
through three different clinical phases: hyperthyroidism,
hypothyroidism, and euthyroidism. The typical sequence
of events includes gland destruction, uncontrolled
release of thyroid content, negative feedback to the
pituitary, thyroid insufficiency, and finally healing and
spontaneous recovery of thyroid function in most
patients. There is a considerable disproportion between
circulating T3 and T4, with higher levels of T4, possibly

because T4 is the main product of the follicular cells
stored within the gland [12]. A study by Teixeira et al. in
a small sample of SAT patients showed that serum TG
was markedly higher in patients with SAT than in con-
trols (149 ± 52 ng/ml vs. 10.5 ± 1.0 ng/ml) and that TG
remained higher than in healthy subjects up to
4–5 months after the acute phase of the disease [13].
Madeddu et al. showed that TG was elevated in 92% of
patients with newly diagnosed SAT and decreased after
the introduction of glucocorticoids [14]. Similarly,
Yamamoto et al. observed that patients receiving pre-
dnisolone showed lower TG concentrations than their
salicylate-treated counterparts after 4 weeks of

Table 1 TG trends and use in different clinical scenarios

Clinical disorder Subclass (if applies) Typical TG trends

Thyroid cancer Well-differentiated follicular and papillary
cancer

↑ TG in malignant spread or recurrence;
↓ TG after successful treatment and
uneventful follow-up
(Detailed by ESMO and ATA guidelines)

SAT ↑ TG in destructive hyperthyroid phase;
Possible ↓ TG in severe hypothyroidism

PPT ↑ TG in destructive hyperthyroid phase;
Possible ↓ TG in severe hypothyroidism

Immune checkpoint-related thyroid disorders Thyroiditis ↑ TG in destructive hyperthyroid phase;
Possible ↓ TG in severe hypothyroidism

Hyperthyroidism ↑ TG

Secondary hypothyroidism due to hypophysitis Possible ↓ TG; more clinical data necessary

Ectopic thyroid Struma ovarii ↑ TG possible

Other ectopic locations

Goiter and hyperthyroidism Nontoxic goiter ↑ TG possible

Toxic nodular goiter ↑ TG

Graves’ disease ↑ TG

Iodine nutrition Schoolchildren TG in dry blood spot can predict adequate
iodine nutrition
(WHO/ICCIDD/UNICEF recommended
method)

Adults ↓ TG with improvement of iodine nutrition;
more clinical data necessary

Congenital hypothyroidism Thyroid dysgenesis ↓ TG

Thyroid dyshormonogenesis TG gene
mutations

↓ TG

TPO gene
mutations

↑ TG

Pendred
syndrome

↑ TG

Factitious thyrotoxicosis Ingestion of levothyroxine/liothyronine
formulations

↓ TG

Ingestion of unpurified thyroid extracts ↑ TG

Laboratory interferences in TG measurement
caused by anti-TG antibodies

↓ TG or ↑ TG, depending on the assay

ATA American Thyroid Association, ESMO European Society for Medical Oncology, ICCIDD International Council for Control of Iodine
Deficiency Disorders, PPT postpartum thyroiditis, SAT subacute thyroiditis, TG thyroglobulin, TPO thyroid peroxidase, UNICEF United Nations
International Children’s Emergency Fund, WHO World Health Organization
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treatment; the authors suggested that the observed
decrease in TG concentration could be the result of
impaired intrathyroid hydrolysis of colloid due to glu-
cocorticoid use [15].

As the collateral damage created by COVID-19 started
to come to light, researchers began investigating possible
relationships between thyroid function disorders and
SARS CoV-2 infection [16–25]. COVID-19-related SAT,
after being reported for the first time in 2020 by Branca-
tella et al., became a special interest [26]. Systematic
reviews by Trimboli et al. and Christensen et al. provided
concise information on COVID-19-related SAT and
showed that the disorder predominantly affected young
women [19, 21]. Trimboli et al. estimated that the median
time between COVID-19 and COVID-19-related SAT was
30 days, and the synchronic occurrence of COVID-19 and
SAT was present only in 12.5% of the analyzed cases [21].
TG in post-COVID-19 SAT can be markedly elevated
[27]. Viola et al. reviewed 24 studies describing 69 cases
of post-COVID-19 SAT—TG was checked in 19 patients
and was high in all cases; at the same time, each patient
reported typical clinical findings (neck pain) and 68 indi-
viduals who underwent thyroid function tests showed
biochemical thyrotoxicosis [28]. Brancatella et al. com-
pared clinical outcomes in post-COVID-19 and prepan-
demic SAT. Post-COVID-19 SAT cases were
characterized by higher levels of fT4, CRP, and TG (155
vs. 60 μg/l) and more commonly associated with persistent
hypothyroidism [29]. In-hospital studies on thyroid func-
tion in COVID-19 showed that TG elevation may be, in
fact, not very common and rarely associated with thyr-
otoxicosis [23, 30]. A prospective study by Świątkowska-
Stodulska and Berlińska et al. confirmed that an increase in
TG during the initial 10 days of hospital stay due to
COVID-19 was not common and a thyrotoxic pattern of
thyroid hormones was even more rare [30]. TG levels were
significantly lower in patients treated with glucocorticoids,
tended to decrease over time, and did not correlate with
inflammatory markers or thyroid function tests in a suffi-
cient and repetitive manner [30]. In addition, Campi et al.
suggested that the in-hospital finding of transiently
decreased TSH accompanied by normal fT4, fT3 and TG
might not reflect a hyperthyroid phase of thyroiditis, but
rather result from generalized inflammation and its direct
effect on enzyme activity and TSH secretion [22]. As SAT
due to COVID-19 seems to be noticeably delayed, it is
possible that in-hospital studies did not demonstrate it due
to the insufficient observation time.

In summary, TG could play a supportive role in distin-
guishing SAT cases, including patients after COVID-19,
especially if measured during the destructive phase and
evaluated together with clinical findings and other bio-
chemical abnormalities.

Destructive thyroiditis: postpartum
thyroiditis

Postpartum thyroiditis (PPT) is a transient disorder that
usually occurs within a year after delivery, affects an esti-
mated 7.2% of postpartum women, and is the result of
autoimmune inflammation of the gland [31, 32]. Women
with HLA DR-3, HLA DR-4, and HLA DR-5 show an
increased risk of developing PPT [32]. PPT is a destructive
and self-limiting disorder that presents with hyperthyroid,
hypothyroid, and/or euthyroid phases similar to those seen
in SAT [31, 32]. The hyperthyroid phase in PPT usually
occurs 3 months after delivery, typically with mild clinical
signs and symptoms [32]. Hidaka et al. in their study aimed
at distinguishing between recurrent Graves’ disease and
PPT noticed that serial measurement of TG can be bene-
ficial in determining the background of thyrotoxicosis:
women with PPT experience a drastic increase in TG
compared to their status before the onset of the disease [33].
It is not uncommon to see positive anti-TPO and/or anti-TG
abs in women affected by PPT, and some patients could
develop bispecific antibodies targeted against TPO and TG;
however, anti-TPO abs are much more prevalent, and the
exclusive presence of anti-TG abs is believed to be infre-
quent [34, 35]. In fact, some believe that PPT can be viewed
as an exacerbated form of autoimmune thyroiditis [32].
Wang and Tang et al. noted the presence of anti-TPO and
anti-TG abs as independent risk factors for PPT; at the same
time, an extended follow-up in their study showed that
women with positive anti-thyroid antibodies were less likely
to be euthyroid 2 and 3 years postpartum [36]. A study in
women with positive thyroid autoantibodies by Parkes et al.
suggested that measuring TG three months after delivery
could help recognize patients who develop PPT, as their TG
levels were considerably higher compared to controls
(31 μg/l in affected individuals vs. 3.3 μg/l in healthy con-
trols and 5.8 μg/l in euthyroid controls with positive thyroid
autoantibodies) [37]. In the same group of patients, TG
levels during extended follow-up correlated well with the
degree of lasting hypothyroidism defined by the lowest fT4
and the highest TSH, as well as the severity of ultrasound
changes [37]. Therefore, TG measurement could be a
practical additional tool in determining the diagnosis and
prognosis in PPT.

Immune checkpoint-related thyroid
dysfunction

Immune checkpoint inhibitors (ICIs) are a group of potent
drugs that serve as (neo)adjuvant treatment in modern
oncology, utilizing native immunity to combat malignancy.
There are three main groups of ICIs: programmed cell death
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1 (PD-1) inhibitors, programmed cell death ligand 1 (PD-
L1) inhibitors, and cytotoxic T-lymphocyte-associated
protein 4 (CTL-A4) inhibitors. Numerous drugs from
these groups were registered for clinical use: pem-
brolizumab, nivolumab, dostarlimab being examples of PD-
1 inhibitors, avelumab, durvalumab, atezolizumab – PD-L1
inhibitors, and tremelimumab and ipilimumab—CTL-A4
inhibitors. The list of indications for the use of ICIs is still
expanding; currently, disorders such as malignant mela-
noma, renal cell carcinoma, multiple types of lung cancer,
urothelial carcinoma, Hodgkin’s lymphoma, and many
others, were approved for treatment. At the same time,
multiple adverse effects of ICIs were described, including
thyroiditis, hypothyroidism, hyperthyroidism, hypophysitis,
and adrenal failure.

While the group is highly effective and widely used in
developed countries, it has a notable risk of immune-related
adverse events (irAEs) [38]. IrAEs are likely to appear early
during anticancer treatment, usually within the initial weeks
or months; however, they can appear in a delayed pattern,
even after 12 months of treatment [38, 39]. Endocrine irAEs
most often involve thyroid dysfunction; analysis by Muir
et al. showed the mean prevalence of thyroid-related irAEs
to be up to 10.8% in patients treated in phase III clinical
trials (ipilimumab – 4.7%, nivolumab – 8.8%, pem-
brolizumab 15.6%, ipilimumab + nivolumab – 16.0%,
atezolizumab – 22.2%, durvalumab – 13.5%) [39, 40].
Interestingly, the presence of thyroid irAEs could be tied
with better prognosis in patients receiving ICIs [41, 42].
The exact background of thyroid-related irAEs is not
completely clear and understood, likely developing as a
result of complex crosstalk between genetic predispositions,
humoral immunity, and cellular immunity [43]. However, it
is hypothesized that it might be a form of painless thyr-
oiditis that progresses through various clinical stages and
produces a typical spectrum of detected abnormalities
[38, 40]. The assault on thyroid tissue results in a destruc-
tive self-limiting hyperthyroid phase, which later progresses
to hypothyroidism and eventually euthyroidism – a pattern
similar to SAT and PPT. It is noteworthy that some patients
might never recover proper thyroid function and remain
permanently hypothyroid. Thyroid function abnormalities
and their clinical presentation are often mild and only
observed incidentally during follow-up; however, some
patients can develop typical signs and symptoms of hypo-
or hyperthyroidism, sometimes overshadowed by manifes-
tations of malignancy [39, 40]. Kurimoto et al. found that an
early increase in serum TG and anti-TG abs (≤4 weeks of
ICI treatment) is helpful in distinguishing the patients who
will and who will not develop thyroid disorders related to
ICIs; both TG and anti-TG abs are higher in patients
experiencing specific irAEs [44]. According to the same
research, other factors, such as baseline serum granulocyte-

macrophage colony-stimulating factor, interleukin 1β, and
interleukin 2, are more elevated in patients with irAEs
compared to controls without irAEs [44]. Some irAEs can
become chronic, with rheumatologic and endocrine mani-
festations the most common [38]. Alhusseini et al. presented
a series of patients developing immunotherapy-related
hypothyroidism: TG was elevated in exactly half of the
patients during the hyperthyroid phase, 40% had anti-TG
abs, and 80% were hypothyroid at 6 months of observation
[45]. A study by Inaba et al. showed that TG levels
≥33.7 ng/ml were significantly more prevalent in patients
who developed permanent thyroid dysfunction and required
continuous treatment than in those who needed only tran-
sient therapy [46]. Although primary hypothyroidism is a
common irAE, a more rare form, central hypothyroidism,
can develop due to pituitary dysfunction in the form of
hypophysitis. In fact, as reported by Jessel et al., secondary
hypothyroidism was among the most common manifesta-
tions of hypophysitis (35% of cases), together with adrenal
insufficiency and hypogonadism [47]. As central hypo-
thyroidism is the result of the lack of TSH signaling from
the anterior pituitary and not destruction of the thyroid
gland, it should not lead to excessive TG release into the
bloodstream. On the contrary, if TSH stimulation decreases,
TG levels could be expected to drop, as TSH is one of the
factors that facilitate thyroid hormone coupling and TG
release. Given all the above and knowing the destructive
history of immunotherapy-related thyroiditis, TG can be a
useful clinical parameter that allows appropriate treatment
and long-term care in patients treated with ICIs. It could
allow for the early detection, diagnosis, and continuous
clinical monitoring of possible complications, as well as be
useful in distinguishing between the secondary and primary
background of hypothyroidism.

Thyroid trauma

Physical trauma to the thyroid gland could trigger the
release of thyroid hormones and TG from damaged tissues,
which was already reported in the 1960s [48]. A recent
study by Senese et al. confirmed that intraoperative
manipulation of the thyroid gland leads to noticeable
changes in the functional parameters of the thyroid [49].
According to Senese et al., patients who did not receive any
treatment that interfered with thyroid function showed a
significant increase in T4 and TG during surgery, a trend
that later reversed, with a noticeable reduction in TSH, T4,
T3, and TG levels after surgery [49]. Interestingly, patients
with Graves’ disease tended to exhibit significantly higher
TG concentrations both intraoperatively and post-
operatively, highlighting the complex and multifactorial
nature of TG release [49]. A marked increase in TG
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concentration, sometimes as high as 7000 ng/ml, could be
seen 24–48 h after thyroidectomy or radioiodine ablation
and did not necessarily come with high peripheral thyroid
hormones [50]. A study by Rudofsky et al. in 40 patients
parathyroidectomized due to secondary hyperparathyroid-
ism showed biochemical indicators of hyperthyroidism in
77% of the analyzed patients; at the same time, there was a
significant increase in TG levels, a parameter proposed by
the authors as a predictive indicator of transient thyrotox-
icosis in this group [51]. TG concentration had a significant
positive correlation with fT4 and fT3 and negative with
TSH [51]. The abnormalities were likely caused by physical
manipulation of the gland during surgery and could also be
referred to as “palpation thyroiditis”. In a study by
Rudofsky et al., all thyroid parameters returned within the
normal range after 40 days [51]. Madill et al. shared a case
report of a young woman with transient thyrotoxicosis after
parathyroidectomy with similar findings – the disorder
resolved spontaneously in 14 days [52]. Serum TG can peak
after much smaller invasive procedures, such as fine needle
biopsy of the thyroid or lymph nodes suspected of neo-
plastic spread [53–55]. Therefore, in the setting of proce-
dures involving manual or instrumentary thyroid
manipulation, it is likely that TG concentration temporarily
increases, often together with peripheral thyroid hormones,
and returns to the baseline spontaneously. Physicians
should be aware of these transient alterations to be able to
provide appropriate care and support to patients.

Struma ovarii and ectopic thyroid

Struma ovarii (SO), also known as ovarian goiter, is a
mature teratoma of the ovary that contains predominantly
(>50%) or exclusively thyroid tissue [56]. Thyroid tissue
can be detected in 5–20% of mature teratomas [56]. SO can
be a rare cause of thyrotoxicosis, with up to 8% of tumors
overproducing thyroid hormones [57–60]. Like thyroid
tissue in a normal anatomical location, SO can undergo a
malignant transformation. A systematic review of 144 cases
by Cui et al. showed that papillary thyroid carcinoma was
the most prevalent neoplasm that occurred in SO (50% of
cases) and more than 50% of the analyzed patients had
extraovarian metastases, most commonly within the pelvis
[61]. More than half of the affected individuals showed
elevated Ca125 which could make the diagnosis difficult, as
Ca125 is traditionally perceived as a marker of ovarian
cancer [61]. The immunohistochemical examination of SO
should be positive for TG, which is typical of the presence
of mature follicular thyroid tissue [61–63]. In some cases of
SO, circulating TG is markedly elevated, sometimes raising
concerns about a possible spread of well-differentiated
thyroid cancer [64–66]. In addition, if SO is itself malignant

and metastatic, TG increases as is usual for cancer derived
from thyroid follicular epithelial cells [61]. The main
modality of treatment for SO involves surgery. Radio-
therapy, chemotherapy, and/or RAI can be introduced in
some cases, usually if malignant spread is suspected
[61, 67, 68]. On rare occasions, thyroid tissue can be found
in other ectopic locations often related to the developmental
tract of the thyroid gland: base of the tongue, lateral neck,
submental area, mediastinum, axilla, trachea, gastro-
intestinal tract, adrenals, or even iris [69, 70]. As in SO, the
development of cancer is possible; however, it seems rare
for ectopic thyroid tissue in the head and neck area, and
papillary thyroid cancer seems to be the most prevalent in
such cases [71, 72]. Ectopic thyroid, although rare, may be a
surprising and confusing finding, in some cases reiterating
concerns about the recurrence or spread of well-
differentiated thyroid cancer. SO’s products can resemble
those of a regular thyroid gland, including the ability to
release TG. In ambiguous cases, radiological studies such as
pelvic magnetic resonance/computed tomography and
iodine scintigraphy could allow verification of a suspected
SO [73].

Goiter and thyrotoxicosis

An abnormally enlarged thyroid gland is termed “a goiter”.
Goiters are a heterogeneous group and can be associated
with different endocrine abnormalities, such as hyperthyr-
oidism (Graves’ disease, toxic nodular goiter), hypothyr-
oidism (Hashimoto’s thyroiditis, endemic goiter), or remain
euthyroid (nontoxic nodular goiter). On rare occasions,
goiters can result from anterior pituitary adenomas that
produce TSH or resistance to thyroid hormones [74, 75]. It
seems that different types of goiters should follow similar
pathophysiological paths leading to increased circulating
TG: general increase in thyroid mass and, sometimes,
hyperactivity of the gland.

Torrigiani et al. noticed that patients with larger goiter
had higher circulating TG than those with smaller goiter and
that TG was more elevated in patients who were thyrotoxic
than in those who were not [48]. Levine et al. showed that
basal TG levels increased above 100 ng/ml in a third of
patients with non-toxic goiter, but no correlation with the
goiter size could be found; similar data were reported by
Pezzino et al. [76, 77]. Despite the clear methodological
limitations of these classic endocrine studies from the 1960s
and 1970s, they can be perceived as successful attempts to
correlate thyroid function and size with circulating TG. TG
can be increased in patients with non-toxic endemic or
sporadic goiter, which can reflect not only hyperstimulation
by TSH and glandular mass but, as some authors postulate,
also other factors, such as hypoiodination of TG and
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intrathyroid necrosis leading to uninhibited release of tissue
content [77–79]. Rink et al. confirmed that TG levels in the
nodular goiter—an entity known to contain occasional areas
of spontaneous necrosis—can be higher than could be
assumed based on the size of the goiter alone [80]. Ericsson
et al. observed that serum TG was elevated at baseline in
most patients with thyrotoxicosis of various origin; how-
ever, no clear correlation was found with post-treatment TG
levels or treatment results [81]. Based on the data from the
same study, there was a higher chance of relapse in patients
who showed a higher serum TG prior to treatment [81].

In Graves’ disease, the thyroid is not only considerably
enlarged, but is also constantly hyperstimulated by anti-
bodies that target the TSH receptor. Rink et al. observed
that TG was significantly more elevated in Graves’ disease
than in diffuse goiter, but almost half of the acquired results
still fit within the laboratory norm [80]. Due to the wide
spectrum of autoantibodies activity, Graves’ disease can
manifest itself not only as a diffuse thyrotoxic goiter, but
can affect other organs, such as the skin, connective tissue,
or ocular apparatus. Khamisi et al. postulated that TG could
be a warning sign of Graves ophthalmopathy (GO), as
baseline TG was significantly higher in patients who
developed GO compared to those who did not [82]. The
authors suggested that circulating TG could represent the
magnitude of stressor that affects not only the thyroid, but
also the retroorbital tissues [82].

A study in patients with toxic nodular goiter, multi-
nodular toxic goiter, and toxic thyroid adenomas referred
for radioiodine therapy presented by Bonefačić et al.
showed that TG can be viewed as a marker of response to
radioiodine ablation [83]. A significant decrease in circu-
lating TG was observed in patients who were able to reach
euthyroidism or hypothyroidism in the first 12 months after
treatment; in patients with persistent hyperthyroidism, the
basal TG was higher and did not show a tendency to
decrease adequately after ablation [83].

Iodine nutrition

Iodine nutrition is a difficult and complex topic and uni-
form data allowing straightforward recommendations is
often lacking. Iodine status can be reflected not only in the
concentration of TSH, T4, and urinary iodine excretion,
but also in serum TG [84–86]. In 1994, a joint statement
by the World Health Organization (WHO), the Interna-
tional Council for Control of Iodine Deficiency Disorders
(ICCIDD), and the United Nations International Chil-
dren’s Emergency Fund (UNICEF) suggested that circu-
lating TG < 10 μg/l can be taken as a biomarker of
adequate iodine intake in schoolchildren; however, serum
TG did not appear in further recommendations [87].

Zimmermann et al. studied TG in dry blood spots of
700 schoolchildren, finding the designated norm to be
between 4 and 40 μg/l [88]. In 2007, WHO/ICCIDD/
UNICEF proposed a cut-off value for the dry blood spot
test in schoolchildren with sufficient iodine intake to be
4–40 μg/l, while it did not indicate any values for serum
TG [89].

Relatively higher TG can appear in populations deficient
in iodine; however, both excess and deficiency of iodine
were shown to present with an increase in TG [79]. Thyroid
volume correlates positively with circulating TG in iodine-
deficient populations [90]. The results of twin cross-
sectional studies published by Vejbjerg et al. proved that
iodization programs in iodine-deficient populations resulted
in a significant decrease in mean TG regardless of sex and
age of the recruited subjects, as well as led to a significant
decrease in the number of cases that exceeded the pre-
defined upper normal limit of circulating TG (11.3 vs. 3.7)
[91]. Furthermore, the study showed a higher efficacy of
serum TG compared to thyroid volume evaluated on ultra-
sound to predict iodine status [91]. A double-blind rando-
mized placebo-controlled trial in adults with mild iodine
deficiency by Ma et al. showed that an improvement in
urinary iodine concentration was associated with a drop in
circulating TG [92]. A cross-sectional study by Du et al.
confirmed that TG can serve well as a marker of iodine
nutrition in adults, but also warned about the possible
impact of thyroid disorders on circulating TG and the
possibility of false results leading to erroneous clinical
conclusions [79]. Dineva et al. assessed TG as a marker of
iodine status in pregnant women, finding a link between
urinary iodine concentration and serum TG, which appeared
especially strong in iodine deficient women. Based on this
study, TG could be viewed as a complementary indicator of
iodine sufficiency [93]. A single-blind randomized placebo-
controlled trial by Censi et al. brought similar results [94].
However, to this day, the universal WHO recommendations
do not opt for routine TG measurement in adults, including
pregnant women, suggesting urinary free iodine instead
[89].

Importantly, isolated serum TG measurement may not be
an optimal assessment option in individuals with anti-TG
abs due to the possibility of interference with the assay and
in individuals with thyroid disorders that lead to unphy-
siological TG release [79, 90]. However, TG could even-
tually become a simple and inexpensive method of
evaluating iodine status in the general population. The
available data hint at its high clinical usefulness in all age
groups, but solid clinical data is necessary in groups other
than schoolchildren. Interestingly, simple methods, such as
measuring TG in dry blood spots, can be seen as promising
tools for assessing iodine nutrition, as shown in an example
of children [87, 95–98].
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Congenital hypothyroidism

Congenital hypothyroidism is a heterogenous group of
disorders that result in a hypofunctioning thyroid in a
newborn. Since screening programs in newborns were
introduced, many cases of hypothyroidism are diagnosed
early and levothyroxine supplementation can be introduced
to prevent developmental complications. Typically, the
screening procedure is based on the measurement of TSH or
T4 in the dry blood spot [99, 100]. The TG assessment can
be helpful in determining the background of congenital
hypothyroidism, as TG concentration differs between var-
ious scenarios.

Thyroid dysgenesis is rare and can manifest as thyroid
ectopy (the most common form – 2/3 cases), thyroid
hypoplasia, and athyreosis [101]. Thyroid dysgenesis
appears to occur sporadically; however, certain familial
patterns can be observed [101]. At the same time, thyroid
dysgenesis can be associated with mutations in the PAX-8,
TTF1, TTF2, and NKX2.5 genes [101, 102]. A study by
Muir et al. showed that infants classified as athyrotic had a
considerably lower TG concentration compared to children
born with a goiter or ectopic thyroid; in the same study, the
TG concentration was the highest in children with goiter
(mean TG values: goiter – 149.1 pmol/l; ectopic thyroid –

60.5 pmol/l; athyrotic – 7.9 pmol/l) [101, 103]. However, it
was suggested that if true thyroid agenesis was present,
circulating TG could be unmeasurably low a few weeks
after delivery [101]. In addition to serum thyroid hormones
and TG, thyroid ultrasound and/or radionuclide uptake can
facilitate the diagnosis [101, 104]. If radionuclide uptake is
negative and TG can be measured in the circulation, a
mutation that inactivates TSH receptors can be suspected
[101].

Thyroid dyshormonogenesis is a complex topic as
multiple steps can be affected. The main examples include
pendrin, NIS, TG, and thyroid peroxidase [105]. Dys-
hormonogenesis due to altered TG synthesis results from
mutations in the TG gene, and the circulating TG level is
generally low [105, 106]. In thyroid peroxidase mutations
(TPO gene), TG concentration tends to be elevated [105].
Mutation in the SLC26A4 gene responsible for pendrin
production leads to the development of an interesting
clinical entity known as Pendred syndrome, which is
characterized by bilateral sensorineural hearing loss and
the development of euthyroid or hypothyroid goiter. A
study of 17 unrelated patients with Pendred syndrome
conducted by Friis et al. detected an increase in TG
concentration in 13 of the individuals studied and a
similar trend could be seen in most cases evaluated by
other authors [107, 108].

As congenital hypothyroidism arises from various
backgrounds, a thorough evaluation remains the key to

establishing a proper diagnosis. As TG concentration
typically differs between the main entities that cause
congenital hypothyroidism, it can be a helpful diagnostic
step that allows a complete investigation.

Factitious thyrotoxicosis

Factitious disorder, also known as Munchausen syndrome,
is a psychiatric disorder that causes people to intentionally
fake an illness. It is usually imposed on self; however, it can
be imposed on another (factitious disorder by proxy), often
targeting children [109]. It is difficult to unanimously
explain the motivations behind the factitious disorder;
nevertheless, many professionals agree that it could be
traced back to a profound need for medical attention or even
tricking medical professionals [110]. A systematic review of
455 cases of factitious disorder carried out by Yates and
Feldman showed that endocrine disorders were fabricated
the most frequently (59 cases, 12.97%), with factitious
hypoglycemia and hypercortisolemia reported the most
common, but factitious thyrotoxicosis coming third with
eight described cases [110]. A similar systematic review by
Caselli et al. included 514 cases, among which 29 (5.6%)
were endocrine-related and factitious thyrotoxicosis was
observed in two patients [111]. Both systematic reviews
showed that factitious disorder was more common in
women who often had a history of mental illness [110, 111].
However, the case series of 49 patients with a factitious
disorder presented by Bérar et al. did not include any cases
of thyrotoxicosis, which only highlighted the irregularity
and unexpectedness of the disorder [112]. In general,
thyrotoxicosis is not difficult to fabricate, as thyroid hor-
mone preparations are readily available and easily acces-
sible. Exogenous abuse of thyroid hormones will lead to the
development of signs and symptoms typical of thyrotox-
icosis, as well as laboratory alterations typical of primary
thyrotoxicosis: low TSH, high fT4 and/or fT3. Ingestion of
excessive doses of exogenous thyroid hormones provokes
potent negative feedback for the pituitary and endogenous
TSH-derived thyrocyte activation of thyrocytes diminishes.
As a result, TSH-stimulated endogenous release of thyroid
hormones and concomitant leakage of TG can significantly
decline. This was supported by observed cases of factitious
thyrotoxicosis in which patients had low TSH, elevated fT3
and fT4, but low or nearly low TG [113–117]. Some
patients choose less conservative substitution options, such
as dessicated thyroid extracts that contain complete thyroid
tissue and that are often difficult to standardize dose-wise
and unpurified. In cases of overdose of these specimens, it is
possible for the TG of preparations to peak in the blood-
stream and be detected by conventional laboratory assays,
which can cause considerable distress, especially in patients
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thyroidectomized due to thyroid cancer [118]. Therefore,
however difficult that might be in factitious disorder, proper
history-taking remains the key to solving the cases. Treat-
ment of factitious thyrotoxicosis can be challenging, as it
depends primarily on psychological interventions that
require the full consent and cooperation of the patient.
Unfortunately, patients with a factitious disorder often
migrate to other medical facilities in the hope of finding
unnecessary and often harmful treatment elsewhere.

Laboratory assays

TG is usually assessed using radioimmunossay (RIA) or
various immunometric methods (IM), such as, for exam-
ple, the immunochemiluminescence assay or the immu-
noradiometric assay [87]. The measured TG concentration
can vary depending on the chosen method, and the dif-
ferences between tests can reach 65% in healthy indivi-
duals [87]. Anti-TG abs can interfere with assays, giving
false concentrations of TG. In the presence of anti-TG abs,
IM can measure TG falsely low, which can have detri-
mental consequences for patients with a history of thyroid
cancer [119–121]. Therefore, it is suggested that anti-TG
abs should be measured simultaneously with TG [121]. At
the same time, the RIA method appears to be more
resistant to alterations caused by anti-TG abs, but it can
still produce falsely elevated and decreased TG results,
depending on the reagents used for the assay and the
patient-specific anti-TG abs [121, 122]. Therefore, patients
who produce anti-TG abs require careful consideration
and meticulous examination whenever it is necessary to
assess TG levels. Novel diagnostic biomarkers that are
independent of laboratory interference and allow the
detection of differentiated metastatic thyroid cancer are in
development, and serum midkine is one of the examples
[123].

Summary

TG is a valuable but, as it seems, notoriously under-
estimated clinical marker. The role of TG is not limited to
the follow-up of differentiated thyroid cancer. Due to its
physiological function and anatomical location, the circu-
lating TG concentration can change in different clinical
scenarios, from undetectable low in congenital athyreosis to
extremely high in destructive thyroiditis. The concentration
of TG concentration can vary due to laboratory inter-
ferences. Understanding the role of TG and its varying
levels in the bloodstream can help diagnose and make
decisions in multiple disorders; therefore, physicians should
be aware of such clinical implications.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. F. Gebel, F. Ramelli, U. Bürgi et al. The site of leakage of
intrafollicular thyroglobulin into the blood stream in simple
human goiter. J. Clin. Endocrinol. Metab. 57, 915–919 (1983).
https://doi.org/10.1210/JCEM-57-5-915

2. M. Chambard, J. Mauchamp, O. Chabaud, Synthesis and apical
and basolateral secretion of thyroglobulin by thyroid cell
monolayers on permeable substrate: modulation by thyrotropin.
J. Cell Physiol. 133, 37–45 (1987). https://doi.org/10.1002/JCP.
1041330105

3. J.J.M. de Vijlder, C. Ris-Stalpers, T. Vulsma, On the origin of
circulating thyroglobulin. Eur. J. Endocrinol. 140, 7–8 (1999).
https://doi.org/10.1530/EJE.0.1400007

4. T. Aizawa, M. Ishihara, Y. Koizumi et al. Serum thyroglobulin
concentration as an indicator for assessing thyroid stimulation in
patients with Graves’ disease during antithyroid drug therapy.
Am. J. Med. 89, 175–180 (1990). https://doi.org/10.1016/0002-
9343(90)90296-P

5. L. Druetta, K. Croizet, H. Bornet, B. Rousset, Analyses of the
molecular forms of serum thyroglobulin from patients with
Graves’ disease, subacute thyroiditis or differentiated thyroid
cancer by velocity sedimentation on sucrose gradient and Wes-
tern blot. Eur. J. Endocrinol. 139, 498–507 (1998). https://doi.
org/10.1530/EJE.0.1390498

6. S. Filetti, C. Durante, D. Hartl et al. Thyroid cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann. Oncol. 30, 1856–1883 (2019). https://doi.org/10.1093/
ANNONC/MDZ400

7. B.R. Haugen, E.K. Alexander, K.C. Bible et al. 2015 American
Thyroid Association Management guidelines for adult patients
with thyroid nodules and differentiated thyroid cancer: the
American Thyroid Association guidelines task force on thyroid
nodules and differentiated thyroid cancer. Thyroid 26, 1 (2016).
https://doi.org/10.1089/THY.2015.0020

8. C.A. Lebbink, T.P. Links, A. Czarniecka et al. 2022 European
Thyroid Association Guidelines for the management of pediatric
thyroid nodules and differentiated thyroid carcinoma. Eur.
Thyroid. J. 11 (2022). https://doi.org/10.1530/ETJ-22-0146

9. M. Stasiak, A. Lewiński, New aspects in the pathogenesis and
management of subacute thyroiditis. Rev. Endocr. Metab.

Endocrine (2024) 84:786–799 795

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1210/JCEM-57-5-915
https://doi.org/10.1002/JCP.1041330105
https://doi.org/10.1002/JCP.1041330105
https://doi.org/10.1530/EJE.0.1400007
https://doi.org/10.1016/0002-9343(90)90296-P
https://doi.org/10.1016/0002-9343(90)90296-P
https://doi.org/10.1530/EJE.0.1390498
https://doi.org/10.1530/EJE.0.1390498
https://doi.org/10.1093/ANNONC/MDZ400
https://doi.org/10.1093/ANNONC/MDZ400
https://doi.org/10.1089/THY.2015.0020
https://doi.org/10.1530/ETJ-22-0146


Disord. 22, 1027–1039 (2021). https://doi.org/10.1007/S11154-
021-09648-Y/TABLES/2

10. R. Domin, E. Szczepanek-Parulska, D. Dadej, M. Ruchała,
Subacute thyroiditis—literature overview and COVID-19. J.
Med Sci. 89, e472–e472 (2020). https://doi.org/10.20883/
MEDICAL.E472

11. M. Stasiak, B. Tymoniuk, R. Michalak et al. Subacute thyroiditis
is associated with HLA-B*18:01, -DRB1*01 and -C*04:01—the
significance of the new molecular background. J. Clin. Med. 9
(2020). https://doi.org/10.3390/JCM9020534

12. J. Slatosky, B. Shipton, H. Wahba, Thyroiditis: differential
diagnosis and management. Am. Fam. Physician 61, 1047–1052
(2000)

13. V.L. Teixeira, J.H. Romaldini, H.F. Rodrigues et al. Thyroid
function during the spontaneous course of subacute thyroiditis. J.
Nucl. Med. 26, 457–460 (1985)

14. G. Madeddu, A.R. Casu, C. Costanza et al. Serum thyroglobulin
levels in the diagnosis and follow-up of subacute “painful” thyr-
oiditis: a sequential study. Arch. Intern Med. 145, 243–247 (1985).
https://doi.org/10.1001/ARCHINTE.1985.00360020063012

15. M. YAMAMOTO, S. SAITO, T. SAKURADA et al. Effect of
prednisolone and salicylate on serum thyroglobulin level in
patients with subacute thyroiditis. Clin. Endocrinol. (Oxf.) 27,
339–344 (1987). https://doi.org/10.1111/J.1365-2265.1987.
TB01160.X

16. P. Trimboli, C. Cappelli, L. Croce et al. COVID-19-associated
subacute thyroiditis: evidence-based data from a systematic
review. Front Endocrinol. (Lausanne) 12, 1 (2021). https://doi.
org/10.3389/FENDO.2021.707726/FULL

17. S. Ippolito, D. Gallo, A. Rossini et al. SARS-CoV-2 vaccine-
associated subacute thyroiditis: insights from a systematic
review. J. Endocrinol. Invest 45, 1189–1200 (2022). https://doi.
org/10.1007/S40618-022-01747-0

18. S.F. Assimakopoulos, G.K. Markantes, D. Papageorgiou et al.
Low serum TSH in the acute phase of COVID-19 pneumonia:
thyrotoxicosis or a face of “non-thyroidal illness syndrome”?
Clin. Chem. Lab Med. 59, 420–423 (2021). https://doi.org/10.
1515/CCLM-2021-0511/PDF

19. J. Christensen, K. O’Callaghan, H. Sinclair et al. Risk factors,
treatment and outcomes of subacute thyroiditis secondary to
COVID-19: a systematic review. Intern Med. J. 52, 522–529
(2022). https://doi.org/10.1111/IMJ.15432

20. S. Mondal, R. Dasgupta, M. Lodh, A. Ganguly, Subacute thyr-
oiditis following recovery from COVID-19 infection: novel clinical
findings from an Eastern Indian cohort. Postgrad. Med J. 0, 1–7
(2022). https://doi.org/10.1136/POSTGRADMEDJ-2021-141429

21. P. Trimboli, C. Camponovo, S. Franscella et al. Subacute thyr-
oiditis during the COVID-19 pandemic: searching for a clinical
association with SARS-CoV-2. Int. J. Endocrinol. 2021, (2021).
https://doi.org/10.1155/2021/5588592

22. I. Campi, I. Bulgarelli, A. Dubini et al. The spectrum of thyroid
function tests during hospitalization for SARS COV-2 infection.
Eur. J. Endocrinol. 184, 699–709 (2021). https://doi.org/10.
1530/EJE-20-1391

23. D.A. Vassiliadi, I. Ilias, M. Pratikaki et al. Thyroid hormone
alterations in critically and non-critically ill patients with SARS-
CoV-2 infection. Endocr. Connect 10, 646–655 (2021). https://
doi.org/10.1530/EC-21-0029

24. L. Giovanella, R.M. Ruggeri, P.P. Ovčariček et al. Prevalence of
thyroid dysfunction in patients with COVID-19: a systematic
review. Clin. Transl. Imaging 9, 233 (2021). https://doi.org/10.
1007/S40336-021-00419-Y

25. R. Świątkowska-Stodulska, A. Berlińska, E. Puchalska-
Reglińska, Thyroid function, inflammatory response, and glu-
cocorticoids in COVID-19. Front Endocrinol. (Lausanne) 0,
1534 (2022). https://doi.org/10.3389/FENDO.2022.939842

26. A. Brancatella, D. Ricci, N. Viola et al. Subacute thyroiditis after
sars-COV-2 Infection. J. Clin. Endocrinol. Metab. 105,
2367–2370 (2020). https://doi.org/10.1210/CLINEM/DGAA276

27. R.M. Ruggeri, A. Campennì, M. Siracusa et al. Subacute thyr-
oiditis in a patient infected with SARS-COV-2: an endocrine
complication linked to the COVID-19 pandemic. Hormones 20,
219–221 (2021). https://doi.org/10.1007/S42000-020-00230-W/
FIGURES/1

28. N. Viola, A. Brancatella, D. Sgrò et al. Clinical, biochemical fea-
tures and functional outcome of patients with SARS-CoV-2-related
subacute thyroiditis: a review. Endocrine 79, 448–454 (2023).
https://doi.org/10.1007/S12020-022-03247-W/TABLES/1

29. A. Brancatella, N. Viola, G. Rutigliano et al. Subacute thyroiditis
during the SARS-CoV-2 pandemic. J. Endocr. Soc. 5, 1–8
(2021). https://doi.org/10.1210/jendso/bvab130

30. R. Świątkowska-Stodulska, A. Berlińska, E. Puchalska-
Reglińska, Thyroglobulin levels in COVID-19-positive patients:
correlations with thyroid function tests, inflammatory markers,
and glucocorticoid use. Front Endocrinol. (Lausanne) 13, 3510
(2023). https://doi.org/10.3389/FENDO.2022.1031188

31. R. Świątkowska-Stodulska, A. Berlińska, K. Stefańska et al.
Endocrine autoimmunity in pregnancy. Front Immunol. 0, 2695
(2022). https://doi.org/10.3389/FIMMU.2022.907561

32. A. Stagnaro-Green, Postpartum thyroiditis. J. Clin. Endocrinol.
Metab. 87, 4042–4047 (2002). https://doi.org/10.1210/JC.2002-
020524

33. Y. Hidaka, I. Nishi, H. Tamaki et al. Differentiation of post-
partum thyrotoxicosis by serum thyroglobulin: usefulness of a
new multisite immunoradiometric assay. Thyroid 4, 275–278
(1994). https://doi.org/10.1089/THY.1994.4.275

34. M.H. Samuels, Subacute, silent, and postpartum thyroiditis.
Med. Clin. 96, 223–233 (2012). https://doi.org/10.1016/j.mcna.
2012.01.003

35. A.F. Muller, H.A. Drexhage, A. Berghout, Postpartum thyr-
oiditis and autoimmune thyroiditis in women of childbearing
age: recent insights and consequences for antenatal and postnatal
care. Endocr. Rev. 22, 605–630 (2001). https://doi.org/10.1210/
EDRV.22.5.0441

36. L. Wang, Y. Tang, Y. Yuan et al. Effects of thyroperoxidase
antibody and thyroglobulin antibody on maternal and neonatal
outcomes in pregnant women. Horm. Metab. Res. 54, 76–83
(2022). https://doi.org/10.1055/A-1731-7572

37. A.B. Parkes, E.G. Black, H. Adams et al. Serum thyroglobulin:
an early indicator of autoimmune post-partum thyroiditis. Clin.
Endocrinol. (Oxf.) 41, 9–14 (1994). https://doi.org/10.1111/J.
1365-2265.1994.TB03777.X

38. D.B. Johnson, C.A. Nebhan, J.J. Moslehi, J.M. Balko, Immune-
checkpoint inhibitors: long-term implications of toxicity. Nat.
Rev. Clin. Oncol. 19, 254–267 (2022). https://doi.org/10.1038/
s41571-022-00600-w

39. C.A. Muir, A.M. Menzies, R. Clifton-Bligh, V.H.M. Tsang,
Thyroid toxicity following immune checkpoint inhibitor treat-
ment in advanced cancer. Thyroid 30, 1458–1469 (2020). https://
doi.org/10.1089/THY.2020.0032

40. C.A. Muir, V.H.M. Tsang, A.M. Menzies, R.J. Clifton-Bligh,
Immune related adverse events of the thyroid – a narrative
review. Front. Endocrinol. (Lausanne) 13, (2022) https://doi.org/
10.3389/FENDO.2022.886930

41. H.S. Baek, C. Jeong, K. Shin et al. Association between the type
of thyroid dysfunction induced by immune checkpoint inhibitors
and prognosis in cancer patients. BMC Endocr. Disord. 22, 1–9
(2022). https://doi.org/10.1186/S12902-022-01004-8/TABLES/5

42. E.A. Basak, J.W.M. Van Der Meer, D.P. Hurkmans et al. Overt
thyroid dysfunction and anti-thyroid antibodies predict response
to anti-PD-1 immunotherapy in cancer patients. Thyroid 30,
966–973 (2020). https://doi.org/10.1089/THY.2019.0726

796 Endocrine (2024) 84:786–799

https://doi.org/10.1007/S11154-021-09648-Y/TABLES/2
https://doi.org/10.1007/S11154-021-09648-Y/TABLES/2
https://doi.org/10.20883/MEDICAL.E472
https://doi.org/10.20883/MEDICAL.E472
https://doi.org/10.3390/JCM9020534
https://doi.org/10.1001/ARCHINTE.1985.00360020063012
https://doi.org/10.1111/J.1365-2265.1987.TB01160.X
https://doi.org/10.1111/J.1365-2265.1987.TB01160.X
https://doi.org/10.3389/FENDO.2021.707726/FULL
https://doi.org/10.3389/FENDO.2021.707726/FULL
https://doi.org/10.1007/S40618-022-01747-0
https://doi.org/10.1007/S40618-022-01747-0
https://doi.org/10.1515/CCLM-2021-0511/PDF
https://doi.org/10.1515/CCLM-2021-0511/PDF
https://doi.org/10.1111/IMJ.15432
https://doi.org/10.1136/POSTGRADMEDJ-2021-141429
https://doi.org/10.1155/2021/5588592
https://doi.org/10.1530/EJE-20-1391
https://doi.org/10.1530/EJE-20-1391
https://doi.org/10.1530/EC-21-0029
https://doi.org/10.1530/EC-21-0029
https://doi.org/10.1007/S40336-021-00419-Y
https://doi.org/10.1007/S40336-021-00419-Y
https://doi.org/10.3389/FENDO.2022.939842
https://doi.org/10.1210/CLINEM/DGAA276
https://doi.org/10.1007/S42000-020-00230-W/FIGURES/1
https://doi.org/10.1007/S42000-020-00230-W/FIGURES/1
https://doi.org/10.1007/S12020-022-03247-W/TABLES/1
https://doi.org/10.1210/jendso/bvab130
https://doi.org/10.3389/FENDO.2022.1031188
https://doi.org/10.3389/FIMMU.2022.907561
https://doi.org/10.1210/JC.2002-020524
https://doi.org/10.1210/JC.2002-020524
https://doi.org/10.1089/THY.1994.4.275
https://doi.org/10.1016/j.mcna.2012.01.003
https://doi.org/10.1016/j.mcna.2012.01.003
https://doi.org/10.1210/EDRV.22.5.0441
https://doi.org/10.1210/EDRV.22.5.0441
https://doi.org/10.1055/A-1731-7572
https://doi.org/10.1111/J.1365-2265.1994.TB03777.X
https://doi.org/10.1111/J.1365-2265.1994.TB03777.X
https://doi.org/10.1038/s41571-022-00600-w
https://doi.org/10.1038/s41571-022-00600-w
https://doi.org/10.1089/THY.2020.0032
https://doi.org/10.1089/THY.2020.0032
https://doi.org/10.3389/FENDO.2022.886930
https://doi.org/10.3389/FENDO.2022.886930
https://doi.org/10.1186/S12902-022-01004-8/TABLES/5
https://doi.org/10.1089/THY.2019.0726


43. M.V. Deligiorgi, S. Sagredou, L. Vakkas, D.T. Trafalis, The
continuum of thyroid disorders related to immune checkpoint
inhibitors: still many pending queries. Cancers 13, 5277 (2021).
https://doi.org/10.3390/CANCERS13215277

44. C. Kurimoto, H. Inaba, H. Ariyasu et al. Predictive and sensitive
biomarkers for thyroid dysfunctions during treatment with
immune-checkpoint inhibitors. Cancer Sci. 111, 1468–1477
(2020). https://doi.org/10.1111/CAS.14363

45. M. Alhusseini, J. Samantray, Hypothyroidism in cancer patients
on immune checkpoint inhibitors with anti-PD1 agents: insights
on underlying mechanisms. Exp. Clin. Endocrinol. Diabetes 125,
267–269 (2017). https://doi.org/10.1055/S-0042-119528

46. H. Inaba, H. Ariyasu, H. Iwakura, et al. Distinct clinical features
and prognosis between persistent and temporary thyroid dys-
functions by immune-checkpoint inhibitors. Endocr. J. 68,
(2021) https://doi.org/10.1507/ENDOCRJ.EJ20-0371

47. S. Jessel, S.A. Weiss, M. Austin et al. Immune checkpoint
inhibitor-induced hypophysitis and patterns of loss of pituitary
function. Front Oncol. 12, 836859 (2022). https://doi.org/10.
3389/FONC.2022.836859/FULL

48. G. Torrigiani, D. Doniach, I.M. Roitt, Serum thyroglobulin
levels in healthy subjects and in patients with thyroid disease. J.
Clin. Endocrinol. Metab. 29, 305–314 (1969). https://doi.org/10.
1210/JCEM-29-3-305

49. N. Senese, J.R. Lechien, K. Poppe et al. Changes in TSH, T4,
T3 and thyroglobulin levels throughout total thyroidectomy. J.
Clin. Med. 11, 2416 (2022). https://doi.org/10.3390/
JCM11092416

50. M. Izumi, P.R. Larsen, Correlation of sequential changes in
serum thyroglobulin, triiodothyronine, and thyroxine in patients
with Graves’ disease and subacute thyroiditis. Metabolism 27,
449–460 (1978). https://doi.org/10.1016/0026-0495(78)90099-9

51. G. Rudofsky, M. Tsioga, P. Reismann et al. Transient hyper-
thyroidism after surgery for secondary hyperparathyroidism: a
common problem. Eur. J. Med Res. 16, 375–380 (2011). https://
doi.org/10.1186/2047-783X-16-8-375/TABLES/2

52. E.M. Madill, S.D. Cooray, L.A. Bach Palpation thyroiditis fol-
lowing subtotal parathyroidectomy for hyperparathyroidism.
Endocrinol. Diabetes Metab. Case Rep. 2016, (2016) https://doi.
org/10.1530/EDM-16-0049

53. C.M. Hong, J.H. Jeong, S.H. Son, et al. Serum thyroglobulin
elevation after needle aspiration of the lymph nodes: the pre-
dictive value for detecting metastasis in papillary thyroid cancer
patients—a pilot study. Medicine (United States) 98, (2019).
https://doi.org/10.1097/MD.0000000000016461

54. R. Luboshitzky, I. Lavi, A. Ishay, Serum thyroglobulin levels
after fine-needle aspiration of thyroid nodules. Endocr. Pr. 12,
264–269 (2006). https://doi.org/10.4158/EP.12.3.264

55. M. Moosavi, S. Kreisman, A case report of dramatically
increased thyroglobulin after lymph node biopsy in thyroid
carcinoma after total thyroidectomy and radioiodine. Case Rep.
Endocrinol. 2016, 1–4 (2016). https://doi.org/10.1155/2016/
6471081

56. S. Wei, Z.W. Baloch, V.A. LiVolsi, Pathology of struma ovarii:
a report of 96 cases. Endocr. Pathol. 26, 342–348 (2015). https://
doi.org/10.1007/S12022-015-9396-1

57. V.F. Koehler, P. Keller, E. Waldmann, et al. An unusual case of
struma ovarii. Endocrinol Diabetes Metab. Case Rep. 2021,
(2021). https://doi.org/10.1530/EDM-20-0142

58. M. Kamińska, G. Sokołowski, K. Mitka et al. A patient with
advanced breast cancer and hyperthyroidism associated with
struma ovarii. Endokrynol. Pol. 74, 115–116 (2023). https://doi.
org/10.5603/EP.A2023.0003

59. T. Dunzendorfer, A. DeLas Morenas, T. Kalir, R.M. Levin,
Struma ovarii and hyperthyroidism. Thyroid 9, 499–502 (1999).
https://doi.org/10.1089/THY.1999.9.499

60. K. Nagai, H. Yoshida, K. Katayama et al. Hyperthyroidism due
to struma ovarii: diagnostic pitfalls and preventing thyroid storm.
Gynecol. Minim. Invasive Ther. 6, 28 (2017). https://doi.org/10.
1016/J.GMIT.2016.05.002

61. Y. Cui, J. Yao, S. Wang et al. The clinical and pathological
characteristics of malignant struma ovarii: an analysis of 144
published patients. Front Oncol. 11, 645156 (2021). https://doi.
org/10.3389/FONC.2021.645156

62. E. Szczepanek-Parulska, A. Pioch, E. Cyranska-Chyrek et al. The
role of immunohistochemical examination in diagnosis of papillary
thyroid cancer in struma ovarii. Folia Histochem Cytobiol. 57,
35–42 (2019). https://doi.org/10.5603/FHC.A2019.0004

63. M. Osakabe, T. Fukagawa, D. Fukagawa et al. Struma ovarii
with unique histological features: a case report. Int J. Clin. Exp.
Pathol. 10, 11230 (2017)

64. A. Gonet, R. Ślusarczyk, D. Gąsior-Perczak et al. Papillary
thyroid cancer in a struma ovarii in a 17-year-old nulliparous
patient: a case report. Diagnostics 10, 45 (2020). https://doi.org/
10.3390/DIAGNOSTICS10010045

65. P. Godlewska, J. Januszkiewicz-Caulier, M. Chojnowski, et al.
Ovarian monodermal teratoma as the cause of an elevated serum
thyroglobulin concentration in a patient after total thyroidectomy
for papillary thyroid carcinoma. Pol. Arch. Intern. Med. 132,
(2022) https://doi.org/10.20452/PAMW.16157

66. C. Oikonomou, N. Spathari, S. Doumoulaki et al. Recurrent
struma ovarii presented with high levels of thyroglobulin. Case
Rep. Surg. 2021, 1–4 (2021). https://doi.org/10.1155/2021/
8868095

67. M.L. Gild, L. Heath, J.Y. Paik, et al. Malignant struma ovarii
with a robust response to radioactive iodine. Endocrinol. Dia-
betes Metab Case Rep. 2020, (2020). https://doi.org/10.1530/
EDM-19-0130

68. Y. Subhash, M. Santosh, G. Vishwapriya, D. Kedar, Poorly
differentiated thyroid carcinoma arising in struma ovarii- a report
of two extremely rare cases. Hum. Pathol. Case Rep. 21, 200393
(2020). https://doi.org/10.1016/J.EHPC.2020.200393

69. G. Noussios, P. Anagnostis, D.G. Goulis et al. Ectopic thyroid
tissue: anatomical, clinical, and surgical implications of a rare
entity. Eur. J. Endocrinol. 165, 375–382 (2011). https://doi.org/
10.1530/EJE-11-0461

70. G. Guerra, M. Cinelli, M. Mesolella et al. Morphological,
diagnostic and surgical features of ectopic thyroid gland: a
review of literature. Int J. Surg. 12(Suppl 1), S3–S11 (2014).
https://doi.org/10.1016/J.IJSU.2014.05.076

71. J. Lukáš, J. Drábek, D. Lukáš et al. Ectopic thyroid with benign
and malignant findings: a case series. Int J. Surg. Case Rep. 66,
33 (2020). https://doi.org/10.1016/J.IJSCR.2019.11.011

72. G. Fu, F. Guo, W. Zhang et al. Diagnosis and treatment of
ectopic thyroid carcinoma: a case report and literature review.
Front Oncol. 12, 6620 (2022). https://doi.org/10.3389/FONC.
2022.1072607/BIBTEX

73. M.I. Dujardin, P. Sekhri, L.W. Turnbull, Struma ovarii: role of
imaging. Insights Imaging 5, 41 (2014). https://doi.org/10.1007/
S13244-013-0303-3

74. P. Beck-Peccoz, L. Persani, A. Lania Thyrotropin-secreting
pituitary adenomas. Pituitary 615–636 (2022). https://doi.org/10.
1016/B978-0-323-99899-4.00012-3

75. H. Sun, L. Cao, R. Zheng et al. Update on resistance to thyroid
hormone syndromeβ. Ital. J. Pediatr. 46, 1–5 (2020). https://doi.
org/10.1186/S13052-020-00929-X/TABLES/1

76. G.A. Levine, J.M. Hershman, A.J. Van Herle, L.J. Deftos,
Thyroglobulin and calcitonin in patients with nontoxic goiter.
JAMA 240, 2282–2283 (1978). https://doi.org/10.1001/JAMA.
1978.03290210064030

77. V. Pezzino, R. Vigneri, S. Squatrito et al. Increased serum
thyroglobulin levels in patients with nontoxic goiter. J. Clin.

Endocrine (2024) 84:786–799 797

https://doi.org/10.3390/CANCERS13215277
https://doi.org/10.1111/CAS.14363
https://doi.org/10.1055/S-0042-119528
https://doi.org/10.1507/ENDOCRJ.EJ20-0371
https://doi.org/10.3389/FONC.2022.836859/FULL
https://doi.org/10.3389/FONC.2022.836859/FULL
https://doi.org/10.1210/JCEM-29-3-305
https://doi.org/10.1210/JCEM-29-3-305
https://doi.org/10.3390/JCM11092416
https://doi.org/10.3390/JCM11092416
https://doi.org/10.1016/0026-0495(78)90099-9
https://doi.org/10.1186/2047-783X-16-8-375/TABLES/2
https://doi.org/10.1186/2047-783X-16-8-375/TABLES/2
https://doi.org/10.1530/EDM-16-0049
https://doi.org/10.1530/EDM-16-0049
https://doi.org/10.1097/MD.0000000000016461
https://doi.org/10.4158/EP.12.3.264
https://doi.org/10.1155/2016/6471081
https://doi.org/10.1155/2016/6471081
https://doi.org/10.1007/S12022-015-9396-1
https://doi.org/10.1007/S12022-015-9396-1
https://doi.org/10.1530/EDM-20-0142
https://doi.org/10.5603/EP.A2023.0003
https://doi.org/10.5603/EP.A2023.0003
https://doi.org/10.1089/THY.1999.9.499
https://doi.org/10.1016/J.GMIT.2016.05.002
https://doi.org/10.1016/J.GMIT.2016.05.002
https://doi.org/10.3389/FONC.2021.645156
https://doi.org/10.3389/FONC.2021.645156
https://doi.org/10.5603/FHC.A2019.0004
https://doi.org/10.3390/DIAGNOSTICS10010045
https://doi.org/10.3390/DIAGNOSTICS10010045
https://doi.org/10.20452/PAMW.16157
https://doi.org/10.1155/2021/8868095
https://doi.org/10.1155/2021/8868095
https://doi.org/10.1530/EDM-19-0130
https://doi.org/10.1530/EDM-19-0130
https://doi.org/10.1016/J.EHPC.2020.200393
https://doi.org/10.1530/EJE-11-0461
https://doi.org/10.1530/EJE-11-0461
https://doi.org/10.1016/J.IJSU.2014.05.076
https://doi.org/10.1016/J.IJSCR.2019.11.011
https://doi.org/10.3389/FONC.2022.1072607/BIBTEX
https://doi.org/10.3389/FONC.2022.1072607/BIBTEX
https://doi.org/10.1007/S13244-013-0303-3
https://doi.org/10.1007/S13244-013-0303-3
https://doi.org/10.1016/B978-0-323-99899-4.00012-3
https://doi.org/10.1016/B978-0-323-99899-4.00012-3
https://doi.org/10.1186/S13052-020-00929-X/TABLES/1
https://doi.org/10.1186/S13052-020-00929-X/TABLES/1
https://doi.org/10.1001/JAMA.1978.03290210064030
https://doi.org/10.1001/JAMA.1978.03290210064030


Endocrinol. Metab. 46, 653–657 (1978). https://doi.org/10.1210/
JCEM-46-4-653

78. U. Feldt-Rasmussen, M. Blichert-Toft, J. Date, V. Haas, Serum
thyroglobulin concentration in nontoxic goiter and response to
surgery with special reference to risk of goiter relapse. World J.
Surg. 10, 566–570 (1986). https://doi.org/10.1007/BF01655526/
METRICS

79. Y. Du, Y.H. Gao, Z.Y. Feng et al. Serum thyroglobulin—a
sensitive biomarker of iodine nutrition status and affected by
thyroid abnormalities and disease in adult populations. Biomed.
Environ. Sci. 30, 508–516 (2017). https://doi.org/10.3967/
BES2017.067

80. T. Rink, W. Dembowski, H.J. Schroth, K. Klinger, Impact of the
serum thyroglobulin concentration on the diagnostics of benign and
malignant thyroid disease. NuklearMedizin 39, 133–138 (2000).
https://doi.org/10.1055/S-0038-1632259/ID/JR2259-17/BIB

81. U.B. Ericsson, L. Tegler, J.F. Dymling, J.I. Thorell, Effect of
therapy on the serum thyroglobulin concentration in patients with
toxic diffuse goiter, toxic nodular goiter and toxic adenoma. J.
Endocrinol. Invest 10, 351–357 (1987). https://doi.org/10.1007/
BF03348146/METRICS

82. S. Khamisi, M. Lundqvist, P. Emadi et al. Serum thyroglobulin is
associated with orbitopathy in Graves’ disease. J. Endocrinol. Invest
44, 1905 (2021). https://doi.org/10.1007/S40618-021-01505-8

83. B. Bonefačić, T.B. Crnčić, M.I. Tomaš et al. The significance of
serum thyroglobulin measurement before and after the treatment of
toxic nodular goiter with 131I. Nucl. Med Commun. 41, 344–349
(2020). https://doi.org/10.1097/MNM.0000000000001153

84. R. Bílek, M. Dvořáková, T. Grimmichová, J. Jiskra, Iodine,
thyroglobulin and thyroid gland. Physiol. Res 69, S225 (2020).
https://doi.org/10.33549/PHYSIOLRES.934514

85. R. Bílek, J. Čeřovská, V. Zamrazil, The relationship between
iodine intake and serum thyroglobulin in the general population.
Physiol. Res. 64, 345–353 (2015). https://doi.org/10.33549/
PHYSIOLRES.932840

86. L.B. Rasmussen, L. Ovesen, I. Bülow et al. Relations between
various measures of iodine intake and thyroid volume, thyroid
nodularity, and serum thyroglobulin. Am. J. Clin. Nutr. 76,
1069–1076 (2002). https://doi.org/10.1093/AJCN/76.5.1069

87. Z.F. Ma, S.A. Skeaff, Thyroglobulin as a biomarker of iodine
deficiency: a review. Thyroid 24, 1195–1209 (2014). https://doi.
org/10.1089/THY.2014.0052

88. M.B. Zimmermann, B. De Benoist, S. Corigliano et al. Assess-
ment of iodine status using dried blood spot thyroglobulin:
development of reference material and establishment of an
international reference range in iodine-sufficient children. J. Clin.
Endocrinol. Metab. 91, 4881–4887 (2006). https://doi.org/10.
1210/JC.2006-1370

89. Assessment of iodine deficiency disorders and monitoring their
elimination Third edition A guide for progrAmme mAnAgers.
https://www.who.int/publications-detail-redirect/9789241595827,
https://iris.who.int/bitstream/handle/10665/43781/9789241595827_
eng.pdf?sequence=1

90. E.N. Pearce, K.L. Caldwell, Urinary iodine, thyroid function, and
thyroglobulin as biomarkers of iodine status. Am. J. Clin. Nutr.
104, 898S (2016). https://doi.org/10.3945/AJCN.115.110395

91. P. Vejbjerg, N. Knudsen, H. Perrild et al. Thyroglobulin as a
marker of iodine nutrition status in the general population. Eur. J.
Endocrinol. 161, 475–481 (2009). https://doi.org/10.1530/EJE-
09-0262

92. Z.F. Ma, B.J. Venn, P.J. Manning et al. Iodine supplementation
of mildly iodine-deficient adults lowers thyroglobulin: a rando-
mized controlled trial. J. Clin. Endocrinol. Metab. 101,
1737–1744 (2016). https://doi.org/10.1210/JC.2015-3591

93. M. Dineva, M.P. Rayman, D. Levie et al. Exploration of thyr-
oglobulin as a biomarker of iodine status in iodine-sufficient and

mildly iodine-deficient pregnant women. Eur. J. Nutr. 12, 1–16
(2023). https://doi.org/10.1007/S00394-023-03131-X/TABLES/5

94. S. Censi, S. Watutantrige-Fernando, G. Groccia et al. The effects
of iodine supplementation in pregnancy on iodine status, thyr-
oglobulin levels and thyroid function parameters: results from a
randomized controlled clinical trial in a mild-to-moderate iodine
deficiency area. Nutrients 11, 2639 (2019). https://doi.org/10.
3390/NU11112639

95. J. Ehrenkranz, Dried blood-spot thyroglobulin measurement: field-
friendly and ready for field testing. 26, 610 (2016). https://home.
liebertpub.com/thy, https://doi.org/10.1089/THY.2016.0019

96. M.B. Zimmermann, D. Moretti, N. Chaouki, T. Torresani,
Development of a dried whole-blood spot thyroglobulin assay
and its evaluation as an indicator of thyroid status in goitrous
children receiving iodized salt. Am. J. Clin. Nutr. 77, 1453–1458
(2003). https://doi.org/10.1093/AJCN/77.6.1453

97. S. Stinca, M. Andersson, S. Weibel et al. Dried blood spot
thyroglobulin as a biomarker of iodine status in pregnant women.
J. Clin. Endocrinol. Metab. 102, 23–32 (2017). https://doi.org/
10.1210/JC.2016-2829

98. S. Stinca, M. Andersson, J. Erhardt, M.B. Zimmermann, Devel-
opment and validation of a new low-cost enzyme-linked immu-
noassay for serum and dried blood spot thyroglobulin. Thyroid 25,
1297–1305 (2015). https://doi.org/10.1089/THY.2015.0428

99. D.E. Jones, K. Hart, S.K. Shapira et al. Identification of primary
congenital hypothyroidism based on two newborn screens —

Utah, 2010–2016. MMWR Morb. Mortal. Wkly Rep. 67,
782–785 (2019). https://doi.org/10.15585/MMWR.MM6728A4

100. A. Büyükgebiz, Newborn screening for congenital hypothyr-
oidism. J. Clin. Res Pediatr. Endocrinol. 5, 8 (2013). https://doi.
org/10.4274/JCRPE.845

101. M.V. Rastogi, S.H. LaFranchi, Congenital hypothyroidism.
Orphanet J. Rare Dis. 5, 1–22 (2010). https://doi.org/10.1186/
1750-1172-5-17/TABLES/9

102. J. Vono-Toniolo, P. Kopp, Thyroglobulin gene mutations and
other genetic defects associated with congenital hypothyroidism.
Arq. Bras. Endocrinol. Metabol. 48, 70–82 (2004). https://doi.
org/10.1590/S0004-27302004000100009

103. A. Muir, D. Daneman, A. Daneman, R. Ehrlich, Thyroid scan-
ning, ultrasound, and serum thyroglobulin in determining the
origin of congenital hypothyroidism. Am. J. Dis. Child 142,
214–216 (1988). https://doi.org/10.1001/ARCHPEDI.1988.
02150020116044

104. I. Keller-Petrot, J. Leger, A. Sergent-Alaoui, C. de Labriolle-
Vaylet, Congenital hypothyroidism: role of nuclear medicine.
Semin. Nucl. Med. 47, 135–142 (2017). https://doi.org/10.1053/
J.SEMNUCLMED.2016.10.005

105. M.J. Kwak, Clinical genetics of defects in thyroid hormone
synthesis. Ann. Pediatr. Endocrinol. Metab. 23, 169 (2018).
https://doi.org/10.6065/APEM.2018.23.4.169

106. S.M. Park, V.K.K. Chatterjee, Genetics of congenital hypo-
thyroidism. J. Med Genet 42, 379–389 (2005). https://doi.org/10.
1136/JMG.2004.024158

107. J. Friis, T. Johnsen, U. Feldt-Rasmussen et al. Thyroid function
in patients with Pendred’s syndrome. J. Endocrinol. Invest 11,
97–101 (1988). https://doi.org/10.1007/BF03350112

108. L. Fugazzola, D. Mannavola, N. Cerutti et al. Molecular
analysis of the Pendred’s syndrome gene and magnetic reso-
nance imaging studies of the inner ear are essential for the
diagnosis of true Pendred’s syndrome. J. Clin. Endocrinol.
Metab. 85, 2469–2475 (2000). https://doi.org/10.1210/JCEM.
85.7.6694

109. G. Yates, C. Bass, The perpetrators of medical child abuse
(Munchausen Syndrome by Proxy)—a systematic review of 796
cases. Child Abus. Negl. 72, 45–53 (2017). https://doi.org/10.
1016/j.chiabu.2017.07.008

798 Endocrine (2024) 84:786–799

https://doi.org/10.1210/JCEM-46-4-653
https://doi.org/10.1210/JCEM-46-4-653
https://doi.org/10.1007/BF01655526/METRICS
https://doi.org/10.1007/BF01655526/METRICS
https://doi.org/10.3967/BES2017.067
https://doi.org/10.3967/BES2017.067
https://doi.org/10.1055/S-0038-1632259/ID/JR2259-17/BIB
https://doi.org/10.1007/BF03348146/METRICS
https://doi.org/10.1007/BF03348146/METRICS
https://doi.org/10.1007/S40618-021-01505-8
https://doi.org/10.1097/MNM.0000000000001153
https://doi.org/10.33549/PHYSIOLRES.934514
https://doi.org/10.33549/PHYSIOLRES.932840
https://doi.org/10.33549/PHYSIOLRES.932840
https://doi.org/10.1093/AJCN/76.5.1069
https://doi.org/10.1089/THY.2014.0052
https://doi.org/10.1089/THY.2014.0052
https://doi.org/10.1210/JC.2006-1370
https://doi.org/10.1210/JC.2006-1370
https://www.who.int/publications-detail-redirect/9789241595827
https://iris.who.int/bitstream/handle/10665/43781/9789241595827_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/43781/9789241595827_eng.pdf?sequence=1
https://doi.org/10.3945/AJCN.115.110395
https://doi.org/10.1530/EJE-09-0262
https://doi.org/10.1530/EJE-09-0262
https://doi.org/10.1210/JC.2015-3591
https://doi.org/10.1007/S00394-023-03131-X/TABLES/5
https://doi.org/10.3390/NU11112639
https://doi.org/10.3390/NU11112639
https://home.liebertpub.com/thy
https://home.liebertpub.com/thy
https://doi.org/10.1089/THY.2016.0019
https://doi.org/10.1093/AJCN/77.6.1453
https://doi.org/10.1210/JC.2016-2829
https://doi.org/10.1210/JC.2016-2829
https://doi.org/10.1089/THY.2015.0428
https://doi.org/10.15585/MMWR.MM6728A4
https://doi.org/10.4274/JCRPE.845
https://doi.org/10.4274/JCRPE.845
https://doi.org/10.1186/1750-1172-5-17/TABLES/9
https://doi.org/10.1186/1750-1172-5-17/TABLES/9
https://doi.org/10.1590/S0004-27302004000100009
https://doi.org/10.1590/S0004-27302004000100009
https://doi.org/10.1001/ARCHPEDI.1988.02150020116044
https://doi.org/10.1001/ARCHPEDI.1988.02150020116044
https://doi.org/10.1053/J.SEMNUCLMED.2016.10.005
https://doi.org/10.1053/J.SEMNUCLMED.2016.10.005
https://doi.org/10.6065/APEM.2018.23.4.169
https://doi.org/10.1136/JMG.2004.024158
https://doi.org/10.1136/JMG.2004.024158
https://doi.org/10.1007/BF03350112
https://doi.org/10.1210/JCEM.85.7.6694
https://doi.org/10.1210/JCEM.85.7.6694
https://doi.org/10.1016/j.chiabu.2017.07.008
https://doi.org/10.1016/j.chiabu.2017.07.008


110. G.P. Yates, M.D. Feldman, Factitious disorder: a systematic
review of 455 cases in the professional literature. Gen. Hosp.
Psychiatry 41, 20–28 (2016). https://doi.org/10.1016/J.
GENHOSPPSYCH.2016.05.002

111. I. Caselli, N. Poloni, F. Ceccon et al. A systematic review on
factitious disorders: psychopathology and diagnostic classifica-
tion. Neuropsychiatry 8, 281–292 (2018). https://doi.org/10.
4172/NEUROPSYCHIATRY.1000349

112. A. Bérar, G. Bouzillé, P. Jego, J.S. Allain, A descriptive, retro-
spective case series of patients with factitious disorder imposed
on self. BMC Psychiatry 21, 1–9 (2021). https://doi.org/10.1186/
S12888-021-03582-8

113. N.A. Giang, N. Lafontaine, M. Kyi, A storm off the charts: a
case of thyroid storm due to thyrotoxicosis factitia. Intern Med J.
51, 806–807 (2021). https://doi.org/10.1111/IMJ.15323

114. Z.H. He, Y. Li, N. Trivedi, et al. Thyrotoxicosis after massive
triiodothyronine (LT3) overdose: a coast-to-coast case series and
review. Drugs Context 9 (2020). https://doi.org/10.7573/DIC.
2019-8-4

115. V.J. Bernet, Thyroid hormone misuse and abuse. Endocrine 66,
79–86 (2019). https://doi.org/10.1007/S12020-019-02045-1/
FIGURES/2

116. P.P. Chakraborty, S. Goswami, R. Bhattacharjee, S. Chowdhury,
Case Report: Thyroid detectives: on the trail of Munchausen’s
syndrome. BMJ Case Rep. 12, 226087 (2019). https://doi.org/10.
1136/BCR-2018-226087

117. S. Mariotti, E. Martino, C. Cupini et al. Low serum thyroglobulin
as a clue to the diagnosis of thyrotoxicosis factitia. N. Engl. J.

Med. 307, 410–412 (1982). https://doi.org/10.1056/
NEJM198208123070705

118. M. Ponder, E. Lamos, K. Munir, Two cases of armour thyroid
interference in thyroglobulin monitoring for thyroid cancer. Case
Rep. Endocrinol. 2021, (2021). https://doi.org/10.1155/2021/
1152572

119. G. Barbesino, A. Algeciras-Schimnich, J. Bornhorst, Thyr-
oglobulin assay interferences: clinical usefulness of mass-
spectrometry methods. J. Endocr. Soc. 7, (2022). https://doi.
org/10.1210/JENDSO/BVAC169

120. D.R. Dufour, Thyroglobulin antibodies—failing the test. J. Clin.
Endocrinol. Metab. 96, 1276–1278 (2011). https://doi.org/10.
1210/JC.2011-0681

121. C. Spencer, I. Petrovic, S. Fatemi, Current thyroglobulin auto-
antibody (TgAb) assays often fail to detect interfering TgAb that
can result in the reporting of falsely low/undetectable serum Tg
IMA values for patients with differentiated thyroid cancer. J.
Clin. Endocrinol. Metab. 96, 1283–1291 (2011). https://doi.org/
10.1210/JC.2010-2762

122. C.A. Spencer, L.M. Bergoglio, M. Kazarosyan et al. Clinical
impact of thyroglobulin (Tg) and Tg autoantibody method dif-
ferences on the management of patients with differentiated
thyroid carcinomas. J. Clin. Endocrinol. Metab. 90, 5566–5575
(2005). https://doi.org/10.1210/JC.2005-0671

123. Q. Jia, Z. Meng, K. Xu et al. Serum midkine as a surrogate
biomarker for metastatic prediction in differentiated thyroid
cancer patients with positive thyroglobulin antibody. Sci. Rep. 7,
1–7 (2017). https://doi.org/10.1038/srep43516

Endocrine (2024) 84:786–799 799

https://doi.org/10.1016/J.GENHOSPPSYCH.2016.05.002
https://doi.org/10.1016/J.GENHOSPPSYCH.2016.05.002
https://doi.org/10.4172/NEUROPSYCHIATRY.1000349
https://doi.org/10.4172/NEUROPSYCHIATRY.1000349
https://doi.org/10.1186/S12888-021-03582-8
https://doi.org/10.1186/S12888-021-03582-8
https://doi.org/10.1111/IMJ.15323
https://doi.org/10.7573/DIC.2019-8-4
https://doi.org/10.7573/DIC.2019-8-4
https://doi.org/10.1007/S12020-019-02045-1/FIGURES/2
https://doi.org/10.1007/S12020-019-02045-1/FIGURES/2
https://doi.org/10.1136/BCR-2018-226087
https://doi.org/10.1136/BCR-2018-226087
https://doi.org/10.1056/NEJM198208123070705
https://doi.org/10.1056/NEJM198208123070705
https://doi.org/10.1155/2021/1152572
https://doi.org/10.1155/2021/1152572
https://doi.org/10.1210/JENDSO/BVAC169
https://doi.org/10.1210/JENDSO/BVAC169
https://doi.org/10.1210/JC.2011-0681
https://doi.org/10.1210/JC.2011-0681
https://doi.org/10.1210/JC.2010-2762
https://doi.org/10.1210/JC.2010-2762
https://doi.org/10.1210/JC.2005-0671
https://doi.org/10.1038/srep43516

	Clinical use of thyroglobulin: not only thyroid�cancer
	Abstract
	Introduction
	Thyroid�cancer
	Destructive thyroiditis: subacute thyroiditis
	Destructive thyroiditis: postpartum thyroiditis
	Immune checkpoint-related thyroid dysfunction
	Thyroid�trauma
	Struma ovarii and ectopic thyroid
	Goiter and thyrotoxicosis
	Iodine nutrition
	Congenital hypothyroidism
	Factitious thyrotoxicosis
	Laboratory�assays
	Summary
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




