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Introduction

Thyroid stimulating hormone (TSH) has a crucial role for the
growth and the progression of differentiated carcinoma in
the thyroid.1,2 Considered a potentially treatable but com-
monly fatal cancer with increasing incidence due to its slow-

acting nature and tendency for metastasis, patients often
present late for treatment, resulting in poor outcomes.
Measurements of receptor levels and their effect on signaling
pathways have been shown to be effective for accurate
diagnosis, but prognoses remain challenging due to many
factors. Although TSH levels may be normal, the malignancy
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Abstract Introduction Papillary and follicular thyroid carcinoma are common head and neck
cancers. This cancer expresses a thyroid stimulating hormone (TSH) receptor that plays
a role as a cancer stimulant substance. This hormone has a diagnostic value in the
management of thyroid carcinoma.
Objective The present study aimed to determine the difference inTSH levels between
differentiated thyroid carcinoma and benign thyroid enlargement.
Methods The present research design was a case-control study. The subjects were
patients with thyroid enlargement who underwent thyroidectomies at the Dr. Sardjito
General Hospital, Yogyakarta, Indonesia. Thyroid stimulating hormone levels were mea-
sured before the thyroidectomies. The inclusion criteria for the case group were: 1)
differentiated thyroid carcinoma, and 2) complete data; while the inclusion criteria for the
control group were: 1) benign thyroid enlargement, and 2) complete data. The exclusion
criteria for both groups were: 1) patients suffering from thyroid hormone disorders
requiring therapy before thyroidectomy surgery, 2) patients receiving thyroid suppression
therapy before the thyroidectomy was performed, and 3) patients suffering from severe
chronic diseases such as renal insufficiency, and severe liver disease.
Results There were 40 post-thyroidectomy case group patients and 40 post-thyroidect-
omy control group patients. There were statistically significant differences in TSH levels
between thegroupswithdifferentiated thyroid carcinomaandbenign thyroidenlargement
(p ¼ 0.001; odds ratio [OR] ¼ 8.42; 95% confidence interval [CI]: 3.19–36.50).
Conclusion Based on these results, it can be concluded that there were significant
differences inTSH levels between the groups with differentiated thyroid carcinoma and
benign thyroid enlargement.
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risk of thyroid nodules will increase if TSH levels are above
the average range of the population.3

Thyroid stimulating hormone receptors (TSHRs) are
essential in the metabolism of the thyroid hormone, and
control the functions and growth of the main thyroid cells. A
number of thyroid diseases, most notably hyperthyroidism,
are associated with mutations in the TSHRs. Recent research
has found that while genetic and epigenetic alterations in the
TSHRs are not the direct cause of carcinogenesis, they sig-
nificantly influence and contribute to tumor growth, which
involves several oncogenes.4,5

A study by Fiore et al confirmed the link between TSH
and thyroid cancer, and discussed the relevant research of
the recent decades, which included subjects diagnosed on
cytology in a large series of patients submitted to fine
needle aspiration biopsy of thyroid nodules, after validat-
ing cytology in a series of 3,406 nodules from 3,004
patients who underwent surgery. The relationship between
serum TSH levels and risk of papillary thyroid cancer (PTC)
was further analyzed in 10,178 patients with a clinical
diagnosis of nodular goitre and with a cytological diagnosis
of PTC (n ¼ 497) and of benign nodular thyroid disease
(n ¼ 9,681). Serum TSH was significantly higher in PTC
(median: 1.10 mIU/L; interquartile range (IR): 0.70–1.70
mIU/L) than in patients with benign nodular thyroid dis-
ease (median: 0.70 mIU/L; IR: 0.30–1.20 mIU/L). The fre-
quency of PTC was directly correlated to serum TSH levels,
being the lowest in patients with subnormal TSH values (51
of 2,024; 2.5%), and the highest in patients with TSH values
between 1.6 and 3.4 mIU/L (152 of 1,665; 9.1%). This
observation is relevant on clinical grounds to define the
risk of PTC in patients with nodular thyroid disease.
Thyroid stimulating hormone concentrations were signifi-
cantly higher in patients with differentiated thyroid cancer
(2.08 � 2.1 mIU/L) than in patients with benign thyroid
disease (1.36 � 1.62 mIU/L). There was a direct relation-
ship between increment of tumor size and increased TSH
levels.6

False negative diagnoses and conflicting reports have con-
tributed to the debate about thyroid oncogenesis and the
association of thyroid disease with TSH levels. One study of
41 patients with thyroid gland disorders, whose age ranged
from14to80yearsold, andwithcontrolsagedbetween29and
66 years old, found that there was no significant difference
between the TSH concentration and free T4 (fT4) values
between the control and the thyroid disorder groups
(p > 0.05).7 The insignificant results may have been due to
the small sample size or to other environmental factors.

Clinical thyroid diseases can be classified as euthyroid,
hypothyroid, and hyperthyroid, according to the functional
status. Thyroid functions are normal in a considerable num-
ber of patients with thyroid cancer. Measurement of highly
sensitive thyrotropin (TSH) in serum plays the main role in
the diagnosis of thyroid dysfunctions and has a predictive
value for thyroid malignancies. While there are many factors
that contribute to the carcinogenesis of the thyroid gland,
TSH is considered a key cancer growth factor for thyroid
cancer.8,9

The impact of vascular invasion on the prognosis is still a
matter of debate, as some researchers further subdivide the
diagnosis into angioinvasive and nonangioinvasive tumors.
Age > 45 years old, gender, extrathyroid invasion, greater
tumor size, and the presence of distant metastasis at pre-
sentation are recognized risk factors for a poorer prognosis.
Nevertheless, there is controversy concerning the prognostic
significance of these risk factors, which could influence the
treatment decision-making, especially for patients with
follicular thyroid carcinoma (FTC).10,11

Palpable thyroid nodules are a common disorder detected
in between 4 and 7% of adults in the general population, and
in between 19 and 67% of the patients who undergo high-
resolution ultrasound. In contrast, thyroid cancer is rare.
However, in most cases, thyroid carcinoma presents clini-
cally as a nodule (solitary or in a multinodular gland) that is
indistinguishable from benign neoplasia. The challenge for
clinicians, therefore, is to distinguish malignant (5–10%)
from benign thyroid nodules, because some cases of well-
differentiated thyroid cancer are significantly more aggres-
sive than others, making it difficult to predict the treatment
course of a patient.10–13

In one community population-based study, a total of 615
patients participated, with a mean age of 55.9 � 14.7 years
old, and 544 (88.5%) were female. The median TSH values
were 1.48 and 1.55 μU/mL inmales and females, respectively.
A total of 160 patients underwent thyroidectomy, and the
final diagnoses were malignant in 47 (29.4%) patients. The
TSH levels were higher in patients with malignant tumors
than in those with benign nodules in both TSH assays: 2.25
versus 1.50 μU/mL (p ¼ 0.04). Additional analyses using TSH
levels as a categorical variable, defined by receiver operating
characteristic (ROC) curve analysis, showed that the risk of
malignancy was � 3-fold higher in patients with TSH levels
� 2.26 μU/mL than in patients with lower TSH levels
(p ¼ 0.01).13

Thyroid carcinoma stems from the two types of cells found
in the thyroid gland. Follicular cells developing from the
endodermal can develop into papillary and follicular carci-
nomas. Cells derived from neuroendocrine-derived calcito-
nin-producing C cells can progress to medullary thyroid
carcinoma. Thyroid lymphoma develops from lymphoid
tissue found in the thyroid tissue, while thyroid sarcoma
originates from the connective tissue contained in the
thyroid.14

Although there are still some differences in views from
previous studies about the exact mechanism, TSH is clearly
involved in the process of carcinogenesis. Recent research
concluded that TSHR stimulation is linked to an increased
incidence of cancer and aggressiveness of thyroid carcinoma.
Mutations inTSHRwill affect the cyclic adenosinemonopho-
sphate (cAMP) activation pathway via transcription factors,
including G alpha sigma (Gαs). The fact that higher levels of
TSH are significantly associated with an increased risk of
malignancy is strong evidence that TSHR stimulation is
linked to thyroid carcinoma.15 Differentiated thyroid carci-
nomas express TSHR. Although oncogenes and other growth
factors are also involved in the growth and development of
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thyroid carcinoma, TSH is a main stimulant for cancer
growth.16

While many thyroid tumors grow unnoticed until forming
nodules or enlarged lobes, the measurement of this growth
factor hormone can provide a crucial contribution to predict
the potential course from benign enlargement into the differ-
entiated carcinoma. To developmore effective treatments, it is
necessary to study the difference in TSH levels between differ-
entiated thyroid carcinoma and benign thyroid enlargement.

Objective

The present study aimed to determine the difference in TSH
levels between differentiated thyroid carcinoma and benign
thyroid enlargement.

Methods

The present research was an analytic observational hospital-
based study with a case control design. The present study was
conducted after receiving approval from the Medical and
Health Research Ethics Committee (MHREC) under the refer-
ence number KE/FK/0766/EF/2017. The present study was
conducted in the Department of Otorhinolaryngology Head
and Neck Surgery between January 2015 and December 2016.
The histopathologic examinations were conducted at the
Anatomic Pathology Department, and the TSH level examina-
tions were conducted at the Clinical Pathology Laboratory.

The sample subjects were patients with thyroid enlarge-
ment who underwent thyroidectomies. The sample size was
calculated using hospital-based study sample size formula-
tion for case control study or hypothesis testing for two
proportions, with error type I (α) 5% one-tailed hypothesis,
and error type II (β) 20%.17

The recommended sample size was 80 samples, with 40
subjects in both case and control groups. The present study
started with identification of differentiated thyroid carci-
noma as an outcome in the case group (n ¼ 40), and patients
with benign thyroid enlargement as a control group
(n ¼ 40); then, we matched the histopathologic character-
istics results and TSH levels that had been measured before
the thyroidectomies.

The inclusion criteria of the case group were: 1) differ-
entiated thyroid carcinoma, and 2) complete data; while for
the control group the inclusion criteria were: 1) benign
thyroid enlargement, and 2) complete data. The exclusion
criteria for both groups were: 1) patients suffering from
thyroid hormone disorders requiring therapy before the
thyroidectomy surgery, 2) patients receiving thyroid sup-
pression therapy before the thyroidectomy was performed,
and 3) patients who suffered from severe chronic diseases,
such as renal insufficiency, and severe liver disease.

Statistical Analysis

The TSH levels and histopathological results were analyzed
among and between groups using t-tests and multivariate
analyses.

Results

The total number of sample subjects were 80 patients. Final
pathology results for differentiated thyroid carcinoma
(papillary and follicular thyroid carcinoma)were 40 subjects.
The other 40 subjects were diagnosed for benign thyroid
nodule (benign colloid nodule and adenoma) based on
pathology examination.

Discussion

The pathogenesis of thyroid carcinoma is very complex, and is
closely related to the heredity of the patient, to the environ-
ment, and to endocrine levels, and, additionally, to exposure to
radioactive substances.18 One retrospective study from Janu-
ary 1999 to December 2015 with 533 enrolled patients found
that 159 (29.8%) patients were diagnosed with PTC, of which
38 (35.5%) hadHashimoto thyroiditis (HT).More patientswith
HT were female, and patients with HT, Graves disease, and
thyroid nodules with higher TSH levels had a higher incidence
of PTC. There was a trend that a higher serum TSH level was
associated with a greater risk of thyroid cancer.19

Thyroid cancer is a type of malignant endocrine system
tumorwith an increasing incidence rate,which consists of four
different pathological types: PTC, medullary carcinoma, folli-
cular carcinoma, and undifferentiated carcinoma. Approxi-
mately between 60 and 89% of the thyroid cancers are of the
PTC type, which is highly differentiated and often occurs in
childrenor femalepatientsagedbetween20and50yearsold.20

This hospital-based study found that female subjectswere
more frequent than males for all patients with thyroid
enlargement (►Table 1). There were 60 (75.0%) females,
and 20 (25.0%) males. Based on the x2 test, there was no
significant differences between gender between groups
(p ¼ 0.95). Another study found that malignant nodules
were significantly more frequent in males, had compression
symptoms more commonly, were more likely palpable and
with lymphopathy, and were associated with higher TSH
concentrations.21

The mean difference in this hospital population-based
study for fT4 levels between malignant and benign groups
was tested with independent sample t-tests (►Table 2).

Table 1 Characteristics of the subjects

Variable Cases
(malignant)

Control
(benign)

Total p-value

n (%) n (%) n (%)

Gender
Male
Female

15 (37.5)
25 (62.5)

15 (37.5)
25 (62.5)

30 (37.5)
50 (62.5)

1.000

Age
< 45 years old
� 45 years old

14 (35)
26 (65)

18 (45)
22 (55)

32(40)
48 (60)

0.361

Nodule
Uninodular
Multinodular
Size (cm3)

30 (75)
10 (25)
3.78 �
2.32

19 (47.5)
21 (52.5)
5.12 �
3.89

49 (61.25)
31(38.75)

0.012
0.065
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There was a statistically significant difference for the mean
fT4 levels between groups (p ¼ 0.001).

Female cases had lower mean TSH levels than their
matched controls, whereas male cases had higher mean
TSH levels than their matched controls. None of these
differenceswere statistically significant. This study observed
no significantly higher mean levels of TSH among female
cases as compared with female controls, but TSH levels were
similar between cases and controls among men. Serum TSH
levels below the normal range were associated with an
elevated risk of PTC among women, but not among men.
Thyroid stimulating hormone levels above the normal range
were only associated with an increased risk of PTC among
men. There was an inverse association between PTC and TSH
levelswithin the normal range among bothmen andwomen.
The observed associations varied somewhat by histologic
subtypes (classical versus follicular variant PTCs) and by
tumor size (�10 versus > 10 mm) among men and women.
The gender effect on the association between TSH and PTC
was only observed among classical PTC cases. Thyroid sti-
mulating hormone levels showed a stronger associationwith
PTC with larger tumor sizes.22

The youngest subject was 17 years old, while the oldest
was 71 years old, and the average agewas 44.5 years old. Age
frequencies �45 years old included 48 (60.0%) patients,
and < 45 years old included 32 (40%) patients (►Table 3).
Based on the x2 test, there were no significant differences in
TSH levels between ages between groups (p ¼ 0.927).

Another study found that most PTCs originate in infancy
and in childhood, based on the early rise in sporadic thyroid
carcinoma incidence.9,20

The mean difference in this hospital population-based
study for fT4 levels between malignant and benign groups
was tested with independent sample t-tests (►Table 2).
There was a significant difference for the mean fT4 levels
between groups (p ¼ 0.001).

The present study obtained results showing 49 (61.3%)
uninodular and 31 (38.7%) multinodular (►Table 3). This
difference is statistically significantly different (p ¼ 0.02).
Another study reported that 60% of the patients with thyroid
enlargementwere uninodular, 40%of the patientsweremulti-
nodular, and 61% of the patients in themalignancygroupwere
uninodular (p ¼ 0.02).23 Another community population-
based study with 865 subjects reported that there were 53%
uninodular patients, 47% multinodular, and that 51% of the
patients in the malignancy group were uninodular
(p < 0.002).24 In patients with nodular thyroid disease, the
riskof thyroidmalignancy increaseswith serumTSH, andeven
within normal ranges, higher TSH values are associatedwith a
higher frequency and with a more advanced stage of thyroid
cancer. The likelihood of PTC is reduced when TSH is lower, as
in thyroid autonomy, and increased when TSH is higher, as in
thyroid autoimmunity.6,9,24

Thyroid nodules are � 4 times more common in women
than in men. Palpable nodules increase in frequency
throughout life, reaching a prevalence of � 5% in the popula-
tion of the United States aged � 50 years old. Nodules are
even more prevalent when the thyroid gland is examined at
autopsy or surgery, or when using ultrasonography, and 50%
of these have nodules, which are almost always benign. New
nodules develop at a rate of � 0.1% per year, beginning in
early life, but at a much higher rate (� 2% per year) after
exposure to head and neck irradiation.24

Papillary thyroid cancer is the most common type of
differentiated thyroid cancer. Many subtypes of PTC have
been described, and follicular variant papillary thyroid can-
cer (FVPTC) is a common subtype that is found in between 23
and 41% of the patients with PTC. Follicular variant papillary
thyroid cancer is defined by the presence of tumor cells
arranged almost entirely in a follicular architectural pattern,
with nuclear features identical to those of conventional PTC.
It has also beenhypothesized that FVPTC behaves clinically in
a way that is similar to conventional PTC.20,25,26

One community population-based study consisted of
741 (341 female, 400 male) histologically-confirmed PTC
cases and of 741 matched controls. Compared with the
middle tertile of TSH levels within the normal range,
serum TSH levels below the normal range were associated
with an elevated risk of PTC among women (odds ratio
[OR] ¼ 3.74; 95% confidence interval [CI]: 1.53–9.19), but
not among men. Thyroid stimulating hormone levels above
the normal range were associated with an increased risk of
PTC among men (OR ¼ 1.96; 95%CI:1.04–3.66), but not
among women. The risk of PTC decreased with increasing
TSH levels within the normal range among both men and
women.22

Table 2 Free T4 levels between groups

Characteristics n Free T4 p-value

Mean SD

Histopathology

Malignant 40 0.97 0.17 0.001�

Benign 40 1.19 0.19

Abbreviation: SD, standard deviation.
� statistically significant, p < 0.05.

Table 3 Thyroid stimulating hormone levels and clinical
characteristics of patients with thyroid enlargement

Subject
characteristics

n High TSH
n (%)

Low TSH
n (%)

p-value

Gender

Male 20 12 (33.3) 8 (12.4) 0.095

Female 60 24 (66.7) 38 (87.6)

Age

< 45 years old 32 15 (46.9) 17 (42.5) 0.927

� 45 years old 48 22 (53.1) 26 (57.5)

Nodule

Uninodular 49 32 (65.3) 17 (34.7) 0.02�

Multinodular 31 9 (29.1) 22 (70.9)

Abbreviation: TSH, thyroid stimulating hormone.
� statistically significant, p < 0.05.
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In this hospital population-based study, the mean differ-
ence for nodule size between groups was tested with inde-
pendent sample t-tests. There was no significant difference
for the mean nodule size between groups (p ¼ 0.148). The
mean nodule size was 5.12 � 3.89 mm in the group with
benign thyroid enlargement, and 3.78 � 2.32 mm in the
groupwith thyroid malignancy, and there was no significant
difference between groups (p ¼ 0.065). A community popu-
lation-based study with 483 subjects found the same
result.23

►Table 3 shows that there was no significant difference in
the mean TSH levels between age (p ¼ 0.927) and gender
(p ¼ 0.095), but there were significant differences in the
mean TSH levels between uninodular and multinodular
(p ¼ 0.01). Another study obtained similar results, in which
there were no significant differences in the mean TSH levels
between age (p ¼ 0.17) and gender (p ¼ 0.74).23

A community population-based study about the relation-
ship between fT4 levels and thyroid malignancy in 483
subjects found some different results. The mean fT4 level
was 1.25 � 0.01 ng/dl in the group with benign thyroid
enlargement, and 1.26 � 0.04 ng/dl in the group with
thyroid malignancy, but there was no significant difference
between groups (p ¼ 0.784).23

Another community population-based study conducted
with 441 subjects found that not all ranges of fT4 levels have
a significant correlation with thyroid malignancy. There was
a significant association in the range between 0.85 and 1.17
ng/dL fT4 levels (p < 0.05), but there was no significant
association in all ranges of fT4 levels with the incidence of
thyroid malignancies. Several studies on the relationship of
fT4 and thyroid malignancy show varying results.27

The aforementioned study reported variables that had a
role for thyroid malignancy using multivariate analysis.
Variables were nodule characteristics, TSH level, free T3
level, and fT4 level. The study did not determine any correla-
tion between TSH levels and nodule characteristics. The
conclusion of that study found that TSH level was an inde-
pendent risk factor for thyroid malignancy separate from
nodule characteristics.27

In this hospital population-based study, the mean differ-
ence for TSH levels between groups was tested with inde-
pendent sample t-tests. ►Table 4 shows that there was a
significant difference for the mean TSH level between both
malignant and benign groups (p ¼ 0.001). Based on the
classification of high and low TSH levels, there was a statis-
tically significant difference between the malignant and

benign groups (p ¼ 0.001; OR ¼ 8.42; 95%CI: 3.19–36.5).
Patients with high TSH levels have an 8.42 times higher
risk of developing malignant tumors (differentiated thyroid
carcinoma) than patients with low TSH levels.

Many factors can influence free T4 levels, including TSH
levels in the human body. Free T4 is considered not reliable to
determine thyroid malignancy due to the many factors that
can affect its level (for example, protein serum), and there has
not been a clearly determined role in thyroid oncogenesis.28

Ongoing TSH stimulation can change slowly differentiated
thyroid carcinoma into malignancies that grow rapidly and
metastasize. Increased levels of TSHwill increase the growth
of thyroid carcinoma.29,30

Differentiated thyroid tumors express TSHR in the plasma
membrane. Thyroid stimulating hormone will increase ade-
nylate cyclase activity, which also increases cAMP produc-
tion and cell growth through TSHR on in vitro examination.
Thyroid carcinomas are still affected by TSH, soTSH suppres-
sion performed by administering thyroxine in oral suppres-
sion doses can control the progression of thyroid carcinoma,
as well as recurrence of patients receiving surgical therapy
and radioactive iodine.30,31

Investigations performed according to the guidelines of the
UK Association of Thyroid Cancer (United Kingdom), are
advised to perform Thyroid Function Tests (TFTs) first in
patients with thyroid nodules. The results of these checks
are used to determine the intended referrals. If the euthyroid
with suspected thyroid nodules are malignant, then the
patients are referred to the cancer handling team. A hypothyr-
oid and hyperthyroid state is not necessarily a malignancy, as
differentiated cancer cells also have the ability to capture
iodine and produce thyroglobulin. In some cases, differen-
tiated thyroid cancers have been reported with thyrotoxic
conditions.32,33

The incidence of malignancy is higher along with elevated
serum TSH levels, giving an overview of the tropic effect of
TSH on thyroid tissue carcinogenesis. Iodine deficiency
causes a decrease in thyroid hormone levels that will
increase serum TSH levels. Chronic iodine deficiency has
been recognized as a risk factor for the growth of FTC.34,35

Plenty of evidence suggests that serum TSH levels are an
independent predictor for the diagnosis of thyroid malig-
nancies in patients with thyroid gland enlargement. Preo-
perative TSH levels were also higher in patients with more
aggressive tumors.36,37

Based on these facts, patients with higher TSH levels
and dubious cytology findings require more complete

Table 4 Thyroid stimulating hormone level analysis between groups

Laboratory result Histopathology n p-value OR (95%CI)

Malignant Benign

TSH Level 1.24 � 0.71 0.56 � 0.31 0.001�

High TSH 26 (65) 6 (15) 32 (40) 0.001� 8.42 (3.19–36.50)

Low TSH 14 (35) 34 (85) 48 (60)

Abbreviations: CI, confidence interval; OR, odds ratio; TSH, thyroid stimulating hormone.
� statistically significant, p <0.05.
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examination than patients with lower TSH levels. The
normal state of thyroid function that is not affected by
TSH levels is called the autonomic thyroid function (TSH
< 0.4 μIU/ml), and is associated with a reduced risk of PTC.
A number of studies support conclusions that higher levels
of TSH, although still within the normal range, are asso-
ciated with thyroid cancer in patients with thyroid gland
enlargement.10,20,33,38

Conclusion

There were statistically significant differences in TSH levels
between differentiated thyroid carcinoma and benign thyr-
oid enlargement in the present hospital population-based
study. Patients with high TSH levels have a significantly
higher risk of differentiated carcinoma than patients with
low TSH levels. Multicenter hospital population-based stu-
dies need to be conducted for the generalization of these
findings linking the differences in TSH levels between differ-
entiated thyroid carcinoma and benign thyroid enlargement.
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