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A B S T R A C T

Background: Thyroid Stimulating Hormone (TSH) and Free Thyroxin (FT4) concentration are 
currently highlighted in their relation to thyroid carcinoma development in thyroid nodule 
patients. This study aimed to identify the difference in the pre-operative mean serum 
concentration of TSH and FT4 in patients with benign thyroid nodules and thyroid carcinoma at 
Sanglah General Hospital Denpasar.

Methods: This study was a case-control study that involved 110 patients with thyroid nodules 
who underwent thyroidectomy at Sanglah General Hospital from January until December 2019, 
whose specimens were examined histopathologically at the Anatomical Pathology Laboratory 
of Sanglah General Hospital. Cases were patients with thyroid carcinoma. Controls were patients 
with benign thyroid nodules. The data were collected from medical records.

Results: Most subjects in the thyroid carcinoma group were female (72.7%). The thyroid carcinoma 
group had a higher mean age at the time of thyroidectomy (47.33 ± 13.4) compared to the benign 
thyroid nodule group (46.07 ± 12.5) (p = 0.61). Significant difference was found regarding the 
nodule size between the two groups (p < 0.001). There were no significant differences in terms of 
nodule lateralization (p = 0.56) and the number of nodules (p = 0.58). Papillary thyroid carcinoma 
was the most common type of thyroid carcinoma (89.1%). A significantly higher pre-operative mean 
serum TSH concentration was found in cases (1.0 ± 0.23 IU/mL) compared to controls (0.8 ± 0.23 
IU/mL) (p < 0.001). The pre-operative mean serum FT4 concentration was significantly lower in 
cases (1.1 ± 0.25 IU/mL) compared to controls (1.2 ± 0.22 IU/mL) (p = 0.006). The optimal TSH and 
FT4 cut-off values for thyroid carcinoma were > 1.0 IU/mL (61% sensitivity, 71% specificity) and 
< 1.1 IU/mL (61% sensitivity, 51% specificity), respectively.

Conclusions: Higher pre-operative mean TSH concentration and lower mean FT4 concentration 
were found in patients with thyroid carcinoma. There were statistically significant differences 
between patients with thyroid carcinoma and benign thyroid nodules in terms of these two 
laboratory parameters.

INTRODUCTION

Thyroid nodules are a fairly common condition in 
clinical practice. Thyroid nodules are growths of cells 
or lumps in the thyroid gland, which differ in radiological 
appearances from the surrounding thyroid parenchyma 
[1,2]. Approximately 3% – 7% of the world’s population 
has palpable thyroid nodules, and its prevalence may 
exceed 70% if screened via ultrasound [2,3,4]. 

Thyroid nodules are mostly benign, only 5% of the 
detected thyroid nodules are malignant [2,5]. However, 
it is very substantial in individuals with thyroid nodules 
to rule out the possibility of thyroid carcinoma [5]. The 
annual incidence of thyroid carcinoma is estimated to 
be 12.9 per 100,000 populations with a mortality rate 
of 0.5 per 100,000 populations per year [2]. Data on 
the prevalence of thyroid carcinoma in Indonesia is still 
not widely available. 
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Figure 1. Flow chart of sample selection
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Various factors including clinical factors, laboratory 
parameters, or other diagnostic workup features are known 
to be beneficial in predicting thyroid carcinoma. Laboratory 
assessment of thyroid function which comprises Thyroid 
Stimulating Hormone (TSH) and Free Thyroxin (FT4) 
concentration is currently highlighted in their application 
to stratify the risk of malignancy in patients with thyroid 
nodules. TSH has been shown to act as a growth factor 
for thyroid cells, which stimulates growth in both normal 
and neoplasm cells [3]. The role of TSH as a predictor of 
thyroid nodule malignancy has been evaluated by various 
studies in recent years. Since one research reported an 
increased risk of malignancy parallel to the elevation of 
serum TSH concentration, several authors have conducted 
similar studies investigating the difference between serum 
TSH concentration in benign thyroid nodules and thyroid 
carcinoma with conflicting results [6]. Previous studies have 
also shown inconsistent results regarding differences in 
FT4 concentration among patients with malignant and 
benign thyroid nodules [3,7,8].

Previous studies investigating the differences in TSH 
and FT4 concentration on the occurrence of thyroid 
carcinoma which showed contradictory results 
emphasized the need for additional evidence. The 
utilization of thyroid function laboratory parameters in 
predicting the malignant potential of thyroid nodules 
has not been fully explored and examined in Indonesian 
patients as limited previous literature can be found. 
Therefore, this study aimed to identify the difference 
in pre-operative mean serum concentration of TSH and 
FT4 in patients with benign thyroid nodules and thyroid 
carcinoma at Sanglah General Hospital Denpasar.

METHODS

This study was a case-control study to determine 
the difference in pre-operative mean serum concentration 
of TSH and FT4 in patients with benign thyroid nodules 
and thyroid carcinoma who underwent thyroidectomy 

at Sanglah General Hospital Denpasar. The study samples 
were patients with thyroid nodules who underwent 
thyroidectomy at Sanglah General Hospital from January 
1 until December 31, 2019, whose specimens were 
examined histopathologically at the Anatomical Pathology 
Laboratory of Sanglah General Hospital. 

The sample size was calculated using sample size 
formulation for case-control study or hypothesis testing 
for a difference in two population means, with type I 
error (α) of 5% (two-tailed hypothesis) and type II error 
(β) of 20%. The minimum sample size was 10 samples 
for each group. This study was initiated by identifying 
the patients with thyroid carcinoma as the case group 
and selecting patients with benign thyroid nodules as 
a control group afterward. Identification was made 
according to the histopathology result. Cases were 
selected by the total sampling method while controls 
were selected by randomization. The number of control 
randomization was in multiples of two and was obtained 
from the total number of patients with benign thyroid 
nodules (n = 121) divided by the number of samples 
needed. The ratio of case and control in this study was 
1:1; each group consisted of 55 samples. The exclusion 
criteria were incomplete medical record data; 
histopathology results that could not determine the 
malignancy status of thyroid nodules or stated as 
unknown malignant potential; and patients receiving 
thyroid hormone replacement or suppressant therapy 
prior to thyroidectomy. The flow chart of sample 
selection is shown in Figure 1.

The data of histopathology results and preoperative 
serum concentration of TSH and FT4 were collected 
from medical records. Serum concentrations of TSH and 
FT4 were measured prior to thyroidectomy. 
Measurements were made using the Cobas 6000 Roche 
with Electrochemiluminescence Immunoassay Analyzer 
(ECLIA) method. TSH and FT4 concentrations were 
expressed in IU/mL. Additional data including gender, 
age, the number of nodules, nodule size, nodule 
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this study. Histopathology types of thyroid carcinoma 
are shown in Table 2.

This study found a higher pre-operative mean serum 
TSH concentration in thyroid carcinoma patients (1.0 ± 
0.23 IU/mL) compared to benign thyroid nodule patients 
(0.8 ± 0.23 IU/mL) with a significant result (p < 0.001). 
A significant difference in the pre-operative mean serum 
FT4 concentration between cases and controls was also 
noted (p = 0.006). The mean FT4 concentration was lower 
in the thyroid carcinoma group (1.1 ± 0.25 IU/mL) 
compared to that in the benign thyroid nodule group 
(1.2 ± 0.22 IU/mL) (Figure 2).

ROC curve analyses were performed to determine 
the optimal TSH and FT4 concentration for thyroid 
carcinoma prediction. Areas under the curve (AUC) were 
72% (95% CI 0.63–0.82, p < 0.001) and 62% (95% CI 
0.51–0.72, p = 0.02) for TSH and FT4, respectively. It 
was found that 1.0 IU/mL was the optimal TSH cut-off 
value for thyroid carcinoma with a sensitivity of 61% 
and specificity of 71%. A level of less than 1.1 IU/mL 
for FT4 showed a sensitivity of 61% and specificity of 
51% for predicting thyroid carcinoma (Figure 3).

Table 1. Characteristics of thyroid patients in case and 
control group

Variable Case Control p

Gender [n (%)]

Male 15 (27.3) 11 (20) 0.36

Female 40 (72.7) 44 (80)

Mean age (mean ± SD) 47.33 ± 13.4 46.07 ± 12.5 0.61

Nodule size <0.01

< 2 cm 24 (43.6%) 0 (0.0%)

2–4 cm 10 (18.2%) 2 (3.6%)

> 4 cm 21 (38.2%) 53 (96.4%)

Nodule lateralization 0.56

Unilateral 24 (43.6%) 21 (38.2)

Bilateral 31 (56.4%) 34 (61.8)

Number of nodule 0.58

Uninodular 9 (16.4) 7 (12.7)

Multinodular 46 (83.6) 48 (87.3)

Table 2. Histopathology types of thyroid carcinoma

Histopathology types N %

Papillary thyroid carcinoma 49 89.1

Follicular thyroid carcinoma 4 7.3

Anaplastic thyroid carcinoma 2 3.6

lateralization, and histopathology type of thyroid 
carcinoma were also obtained. The number of nodules 
was later categorized into uninodular and multinodular. 
Nodule size was categorized into < 2 cm, 2–4 cm, and 
> 4 cm. Nodule lateralization was categorized into 
unilateral and bilateral. It was unilateral if it involved 
only the right lobe, left lobe, or isthmus and bilateral 
if it involved more than one of the previously mentioned.

Statistical analyses were performed using the 
Statistical Package for the Social Sciences (SPSS) software 
for Windows version 21. Descriptive statistics were 
expressed in frequency and percentage. Determination 
of data normality was done by the Kolmogorov-Smirnov 
test. A homogeneity test was carried out with Levene’s 
test. Unpaired t-test was used to determine the 
difference in the pre-operative mean serum concentration 
of TSH and FT4 between case and control groups. A 
Chi-square test was performed to assess differences in 
gender and characteristics of thyroid pathology (the 
number of nodules, nodule size, and nodule lateralization) 
between cases and controls. The age difference between 
case and control groups was evaluated using unpaired 
t-test. TSH and FT4 cut-off values for thyroid carcinoma 
prediction were determined by receiver operating 
characteristic (ROC) curve analysis. Statistical significance 
was defined as p < 0.05. 

RESULTS

A total of nine patients from the case group were 
excluded. Thyroid carcinoma patients with incomplete 
medical record data and patients receiving thyroid hormone 
replacement or suppressant therapy prior to thyroidectomy 
were not included in the study. Table 1 shows gender, 
age, and the characteristics of thyroid pathology of the 
study population. Most subjects in both the thyroid 
carcinoma group and the benign thyroid nodule group 
were female. There was no significant difference in gender 
between the two groups (p = 0.36). Patients with thyroid 
carcinoma had a higher mean age at the time of 
thyroidectomy (47.33 ± 13.4) compared to patients with 
benign thyroid nodules (46.07 ± 12.5); however, this 
difference was not statistically significant (p = 0.61). 

Patients with thyroid carcinoma had a higher proportion 
of nodules sized less than 2 cm (43.6%) while the lesions 
of the benign thyroid nodule group were mostly larger 
than 4 cm (96.4%). A significant difference was found 
between the two groups (p < 0.001). There were no 
significant differences in terms of nodule lateralization 
and the number of nodules.

Papillary thyroid carcinoma was the most common 
type of thyroid carcinoma in the study population 
(89.1%). Medullary thyroid carcinoma was not found in 
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Figure 2. Level of pre-operative TSH and FT4 in subjects with thyroid carcinoma compared to benign thyroid nodules.

Figure 3. ROC curve for thyroid carcinoma prediction based on pre-operative TSH level (A) and FT4 level (B).

Thyroid Stimulating Hormone (TSH) and Free Thyroxin (FT4) in Thyroid Nodule Patients

DISCUSSION

Serum TSH concentration has been stated in various 
studies as an independent predictor for thyroid 
carcinoma [7]. Epidemiological studies have shown a 
strong association between serum TSH levels and the 
risk of malignancy in thyroid nodules. Elevated TSH levels 
in previous clinical studies were said to be associated 
with a higher incidence of thyroid cancer in patients 
with nodular thyroid disease [9]. The risk for developing 
advanced thyroid carcinoma is also increased in patients 
with higher TSH levels [10].

This study found a higher pre-operative mean serum 
concentration of TSH in patients with thyroid carcinoma 
(1.0 ± 0.23 IU/mL) compared to patients with benign 
thyroid nodules (0.8 ± 0.23 IU/mL). This difference was 
found to be significant (p < 0.001). A statistically 
significant difference in TSH concentration between 
patients with malignant and benign nodules was also 
found in other studies [7,8]. TSH concentrations were 
found to be significantly higher in patients with well-
differentiated thyroid carcinoma (2.08 ± 2.1 mIU/L) 
compared to patients with benign thyroid disease (1.36 
± 1.62 mIU/L) [11]. Another study found that the mean 
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than 1.1 IU/mL showed a sensitivity of 61% and 
specificity of 51% for predicting thyroid carcinoma, with 
an AUC of 0.62 (95% CI 0.51–0.72, p = 0.02). 

This study also noted female predominance in 
thyroid carcinoma patients and higher mean age at the 
time of thyroidectomy (47.33 ± 13.4) compared to 
benign thyroid nodule patients although this difference 
was not statistically significant. Thyroid carcinoma has 
been known to be more common in women than men 
with a ratio of 3:1 and occurs in all age groups, but it 
is more frequently found in adults aged 45 to 54 years 
with a mean age of 50 years at diagnosis [2]. Papillary 
thyroid carcinoma was the most common type of thyroid 
carcinoma found in the sample population. This finding 
is consistent with previous literature. Papillary thyroid 
carcinoma is the most prevalent type of thyroid carcinoma, 
accounting for 70–80% of all thyroid carcinomas [2].

In summary, a consistent association and higher TSH 
levels in thyroid carcinoma have been found in most 
studies. However, the lack of studies intended to 
determine the optimal TSH cut-off value has limited 
the use of serum TSH levels as a predictor of thyroid 
malignancy. Currently, there is no optimal TSH threshold 
value to predict the risk of thyroid carcinoma [6]. The 
findings of this study may have a notable clinical impact 
since they indicate that thyroid function laboratory 
assessment of TSH and FT4 may assist the diagnosis 
strategy and risk stratification of thyroid carcinoma. The 
concentration of T3, another parameter of thyroid 
function, however, cannot be included in this study as 
it is not regularly checked pre-operatively in patients 
with thyroid nodules, and no report was available in 
the medical records of Sanglah General Hospital. It is 
important to note that serum TSH and FT4 concentration 
could not be used solely and should be combined with 
other patient characteristics for decision-making 
purposes. Given the paucity of evidence, further research 
is required to establish the role of TSH and FT4 in the 
development and progression of thyroid carcinoma.

CONCLUSIONS

Thyroid carcinoma is a potentially fatal condition 
with an increasing incidence. We found a higher pre-
operative mean serum TSH concentration as well as a 
lower pre-operative mean serum FT4 concentration in 
patients with thyroid carcinoma compared to those with 
benign thyroid nodules. There were significant differences 
between patients with thyroid carcinoma and benign 
thyroid nodules in terms of these two laboratory 
parameters. Further research is needed to determine 
the role of TSH and FT4 in thyroid carcinoma, the 
underlying mechanism, and the optimal TSH and FT4 
cut-off values for the utilization of their concentration 
as an acceptable predictor of thyroid malignancy.

pre-operative TSH concentration was significantly higher 
in patients with well-differentiated thyroid carcinoma 
(2.10 ± 0.07 mIU/L) compared to patients with benign 
nodules (1.86 ± 0.04 mIU/L) [3]. 

The thyroid gland, anterior pituitary gland, and 
hypothalamus form a complex regulated system, known 
as the hypothalamus-pituitary-thyroid axis. Thyrotropin-
releasing hormone (TRH) from the hypothalamus 
activates the pituitary gland to synthesize and secrete 
thyroid-stimulating hormone (TSH) and subsequently 
stimulates the thyroid gland to produce thyroid 
hormones. Tetraiodothyronine (T4) is the main hormone 
synthesized in the thyroid gland, which will then be 
catalyzed into Triiodothyronine (T3) by specific 
iodothyronine deiodinase [12].

TSH, which acts via the TSH receptor, is the main 
stimulator of thyroid cell growth and function post-
differentiation [6]. TSH has been shown to stimulate 
the growth of both normal and neoplasm cells [3]. 
Stimulation by TSH in the thyroid can cause glandular 
hypertrophy, which in turn may lead to the development 
of malignancy. However, the mechanism of thyroid 
carcinoma as a result of excess TSH is not clearly 
established yet [13]. There is strong evidence that TSH 
regulates thyroid cells to undergo cell cycle progression 
in response to growth factors, especially Insulin-like 
Growth Factor I (IGF-I) or insulin. This can be seen from 
the high expressions of TSH receptors in well-
differentiated thyroid carcinomas [14].

Another study reported that lower FT4 and higher 
TSH even within a normal range were correlated with 
thyroid cancer. A small alteration in FT4 concentration 
can lead to consequential changes in serum TSH because 
of their inverse logarithmic relationship [15]. This study 
found a significant difference in pre-operative serum 
concentration of FT4 between cases and controls (p = 
0.006). Mean FT4 concentration was lower in the thyroid 
carcinoma group (1.1 ± 0.25 IU/mL) than in the benign 
thyroid nodule group (1.2 ± 0.22 IU/mL). This finding 
is similar to the results of a previous study highlighting 
a significant difference in FT4 levels between patients 
with thyroid nodules that are malignant and benign in 
nature [7,8]. A study conducted in 2020 also found a 
significantly lower level of FT4 in malignant thyroid 
nodule patients [8]. However, these results contradict 
other studies which compared FT4 levels of patients 
with well-differentiated thyroid carcinoma and patients 
with benign thyroid enlargement, where there was no 
significant difference found between the two groups (p 
= 0.91) [3].

TSH showed a sensitivity of 61% and specificity of 
71% at a cut-off of 1.0 IU/mL determined with the ROC 
curve analysis in this study, which showed an AUC of 
0.72 (95% CI 0.63–0.82, p < 0.001). Meanwhile, the 
ROC curve analysis of FT4 found that a level of less 
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