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Abstract

 Background: Thyroid nodules are a common clinical problem that require close attention to determine 
the risk of malignancy. This study was designed to investigate the diagnostic values of pathological 
characteristics, ultrasonographically-detected calcification, and serum TSH levels in thyroid cancer in 
Han Chinese. Methods: A retrospective analysis was carried out using 1,685 patients with thyroid cancer 
or benign nodules, who had undergone thyroidectomy between 2008 and 2009 in our hospital. Results: 
Among the 1,685 cases, 222 had thyroid carcinomas and, of those, 113 (50.9%) developed different benign 
thyroid diseases. The frequency of thyroid cancer showed a progressive decrease from the younger to the 
older patients. The frequency of malignancy was closely related to the level of calcification, with the lowest 
frequency occurring in patients with no calcification and the highest in those with micro-calcification. The 
frequency of malignancy was also closely related to serum TSH levels, with the lowest occurring in patients 
with TSH levels <0.40 uIU/mL, and the highest with >1.34 uIU/mL; in addition, <4.00 uIU/mL TSH showed 
a progressive increase from the lower to the upper of normal range. Conclusions: Thyroid malignancies 
often coexist with benign thyroid disease. Age, TSH levels, and calcification of the nodules are predictors of 
malignancy. 

Key words: Thyroid cancer - retrospective analysis - TSH - calcification - Han Chinese

Introduction

 The incidence of goiters is 5–7% in the world’s 
population (Gaitan et al., 1991; Muller et al., 2001). 
Epidemiological studies have shown that, in some 
areas rich in iodine, 6–7% of the adult population 
have a thyroid nodule that can be detected by clinical 
examination, and 5% of the clinically identified nodules 
are malignant (Hegedus, 2004). There are four main 
types of thyroid cancers (based on pathology observed 
under a microscope): papillary, follicular, medullary, 
and anaplastic lesions.  Differentiated thyroid cancer 
(DTC, including papillary and follicular) accounts for 
90% of all the thyroid malignancies diagnosed, with 
papillary thyroid cancer (PTC) accounting for 80% of 
all thyroid cancers. Since thyroid nodules are highly 
prevalent, it is a common clinical task to predict the risk 
of malignancy of a given nodule. 
 Up to now, other than fine needle aspiration (FNA), 
there are no effective noninvasive preoperative methods 
for the differential diagnosis of thyroid nodules. 
Furthermore, some nodules are too small to perform 
FNA; thus, new and improved noninvasive methods 
are urgently needed.  Ultrasonography is widely used 
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as a preferred, noninvasive approach for diagnosis and 
prognosis of many different types of diseases. A high-
resolution ultrasound has been reported as capable of 
detecting thyroid nodules in about 20-24% of randomly 
selected women and elderly individuals (Hegedus, 
2004). Many studies have shown that calcification 
detected by ultrosnography is correlated with thyroid 
malignancy (Hegedus, 2004). However, the concrete 
odds ratio of the different types of calcification remains 
unknown. It has also been reported that, in patients with 
nodular thyroid diseases, the risk of thyroid malignancy 
increases in parallel with serum TSH levels (Boelaertet 
al., 2006; Haymart et al., 2008; Polyzos et al., 2008).   
However, this hypothesis still needs to be validated in 
large studies using individuals from different ethnicities 
or geographic areas; in addition, the cut-off point of the 
TSH levels that can predict the risk of thyroid cancer 
still needs to be determined.
 Herein, we retrospectively analyzed the pathological 
characteristics of thyroid nodules, and determined the 
significance of thyroid nodule calcifications detected 
by ultrasonography and of serum TSH levels in the 
diagnosis of thyroid malignancy. Our results suggested 
that calcification, especially micro-calcification, and 
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high TSH levels can accurately predict thyroid cancer, 
and that the majority of thyroid cancers coexist with 
benign nodules.
 
Materials and Methods

Patients’ characteristics and tissue collection
 We retrospectively analyzed data from 1685 
consecutive Han Chinese patients who underwent 
thyroidectomy for nodular thyroid disease between 
January 2008 and December 2009 in the Second 
Affiliated Hospital of Harbin Medical University, 
located in Northern China.  The inclusion and exclusion 
criteria were as follows:  1) patients had undergone 
a diagnostic FNA examination (patients with non-
diagnostic or indeterminate cytology were excluded); 
2) patients had TSH, free thyroid hormones, and serum 
anti-thyroid antibodies measured simultaneously 
with FNA; 3) patients with Grave’s disease or 
Hashimoto’s thyroiditis were excluded. The final 
subject population was composed of 265 males and 
1420 females (male:female ratio of 1:5.53), with mean 
age of 48.41±11.53 years (range: 8–81 years). All the 
1685 patients had definitive pathological diagnosis 
after surgery. Of those, 1366 (205 males and 1161 
females) had ultrasonographical examination before 
surgery; the 319 patients without an ultrasonogram 
or with incomplete ultrasonographical information 
were excluded.  Serum TSH was quantified using a 
routine chemiluminescence test (Chiron Diagnostics, 
Wiesentheid, Germany). The normal range for serum 
TSH was set at 0.40–4.00 mIU/L. Patients with a 
benign lesion accompanying cancer were assigned 
to the malignant group. In this study, when logistic 
regression models were performed, the malignant 
group (n=212) included papillary cancer and follicular 
cancer, but excluded six cases of medullary cancer, one 
of anaplastic cancer and three of malignant lymphoma. 
In a second analysis, the malignant group included all 
the cancers (n=222). Radioactive iodine (131I) thyroid 
ablation was carried out in the patients with DTC 
postoperatively, after measuring 131I uptake in the 
thyroid bed.Thyroid hormone therapy was routinely 
initiated to all patients postoperatively with DTC in a 
dose adequate to suppress TSH to undetectable levels, 
according to the TSH assay sensitivity.
 All patients gave written informed consent for 
inclusion in the study.

Statistical analysis  
 The data were analyzed according to age, gender, 
preoperative examination findings, and pathology. 
Continuous data are expressed as means ± standard 
deviation (SD), and categorical data are expressed 
as percentages. The nonparametric tests Chi-square 
or Mann-Whitney were used for comparisons of the 
categorical data. Binary logistic regression models 
were used to adjust for potential confounders (for 

example, age and gender). A two-sided p-value <0.05 
was considered to indicate statistical significance. The 
data analyses were carried out by using the SPSS 13.0 
software for Windows.

Results

Patients’ demographic data
 The data on patients’ gender, age of disease onset, 
and pathology of thyroid nodules are shown in Table 1. 
Most of the patients’ lesions were benign (1463/1685; 
86.82%), while 13.18% (222/1685) were malignant. 
The 222 patients diagnosed with thyroid cancer were 
composed of 29 males and 193 females (male:female 
ratio of 1:6.66). The 1463 patients with benign lesions 
were composed of 236 males and 1227 females 
(male:female ratio of 1:5.20). Among the patients with 
thyroid cancer, 60.81% (135/222) were 31–50 years 
of age, of which 120 were females and 15 were males 
(male:female ratio of 1:8.00). The initial complaint of 
these patients was most often a mass anterior to the 
cervicum. A total of 110 of the 1685 patients presented 
with hoarseness as the first symptom, of which 21 were 
eventually diagnosed with thyroid cancer.
 The frequency of thyroid cancer was closely related 
to age. The lowest frequency occurred in patients 
aged 20 years or younger, and the highest occurred in 
patients between the ages of 20-29 years old. There was 
a trend of progressive decrease in frequency from the 
younger to the older patients after 29 years old (Table 
4). Here, the age (in years) data were changed from a 
consecutive form to a categorical form for analysis by 
binary logistic regression models.

Pathology findings
 Among the 222 patients with thyroid cancers, 199 
(89.64%) were characterized as papillary cancers, 13 
as follicular cancers, one as papillary adenoma, six 
as medullary cancer, one as undifferentiated cancer, 
and three as malignant lymphomas. Forty (18.02%) 
tumors that were smaller than 1 cm in diameter were 
defined as microcarcinomas. Among the 222 cancer 
patients, 113 (50.90%) had thyroid cancers combined 
with one or more benign lesions (Table 2). Most of the 
malignancies were papillary (104/113; 92.04%) or in 
combination with nodular goiters (83/113; 73.45%). 
The pathological results indicated that nodular goiters 
were found in 1342 patients, adenoma in 28, and 
nodular goiter with Hashimoto’s thyroiditis in 93. Other 
pathological subtypes existed, but were only rarely 
represented (data not shown). Many patients showed 
two or more pathological subtypes, as reflected by the 
difference in patient numbers listed above (>1685). 
Therefore, with the exception of three patients who 
had thyroid malignant lymphoma, the incidence of 
benign lesions occurring concurrently with cancer was 
determined to be 6.56% (88/1342) in nodular goiters, 
27.78% (15/54) in Hashimoto’s thyroiditis, 4.44% 
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Table 1.  Ages at the Onset of Disease and Pathological 
and Gender Data for 1685 Patients with Thyroid 
Nodules 
 Age       Thyroid         Papillary      Gender     Male/ female 
(years)   cancer n(%)    cancer         M      F  ratio  
≤20   2 (7.69)  2  7 19 1/2.71 
21–30 29 (29.0)  27  15 85 1/5.67 
31-40 60 (23.5)  52  30 225 1/7.50 
41-50 75 (14.5)  72  75 443 1/5.91 
51-60 38 (6.73)  32  94 471 1/5.01 
61-70 14 (7.69)  11  40 142 1/3.55 
≥71   4 (10.3)  3  4 35 1/8.75 

Table 2. Distribution of Benign Thyroid Lesions 
Accompanied by Cancer
Benign lesion       Malignancy        Total
                        Papillary   Follicular  TML

Nodular goiter  83 5 3 91
Hashimoto’s thyroiditis  14 1  15
Diffuse goiter  2   2
Subacute thyroiditis  1   1
Adenoma   1   1
Nodular goiter with   3   3
Hashimoto’s thyroiditis     
Total   104 6 3 113

Table 4.  Odds Ratio (OR) and 95% Confidence 
Interval (CI) of Malignancy, According to Age, TSH 
Levels, and Calcification
            Regression     OR   95% CI       p-value
                        coefficient   
Age 0.427 0.652 0.562-0.758 0
Calcification     0
   none - 1 - -
   micro- 1.377 3.964 2.589-6.068 0
   coarse 0.861 2.365 1.473-3.797 0
TSH, uIU/mL    0.005
   <0.40 - 1 - -
   0.40-1.34 0.745 2.106 1.063-4.176 0.033
   1.34-4.00 1.144 3.14 1.603-6.151 0.001
   >4.00 1.096 2.993 1.265-7.081 0.013

Table 3.  Distribution of Calcification in Thyroid 
Nodules*
                           No            Coarse  Micro-           Total
              calcification  calcification  calcification   

Malignant 94 39 61    194
Benign  877 164 131 1172
Total  971 203 192   1366

*χ2=69.107, p<0.05    

(2/45) in diffuse goiter, 3.57% (1/28) in adenomas, 
and 3.23% (3/93) in nodular goiter with Hashimoto’s 
thyroiditis.

Ultrasonography findings
 In the 1366 patients who underwent ultrasonography 
detection prior to surgery, 290 patients had single 
nodules and 1076 patients had multiple nodules. 
Overall, malignancies were found in 194 (14.20%) of 

the 1366 patients examined by ultrasonography, and the 
male:female ratio was 1:7.08. The incidences of thyroid 
cancer in the patients with single nodules and those 
with multiple nodules were not significantly different 
(χ2=0.699, p=0.403). Of the 1366 patients, 1172 had 
benign lesions, and the male:female ratio was 1:5.48. 
Among those 194 malignant patients, calcification 
occurred in 89 of the 174 patients with papillary 
carcinoma (51.15%), seven of 12 patients with follicular 
cancer, three of five patients with medullary cancer, and 
the one patient with anaplasia. The distribution pattern 
of calcification is shown in Table 3. The differences 
in calcification observed among the different types of 
malignancies was statistically significant (χ2=69.107, 
p=<0.05). The frequency of malignancy in the micro-
calcification group (61/131, 46.56%) was the highest 
observed, followed by the coarse calcification group 
(39/164, 23.78%) and the no calcification group 
(94/877, 10.71%). The frequency of malignancy in 
relation to calcification levels, including the odds ratio 
and 95% confidence intervals (CI), are reported in Table 
4. 

Serum TSH levels 
 The serum TSH levels in patients with malignancy 
(median: 1.47 uIU/mL, 25-75p 0.79-2.33 uIU/mL) 
were significantly higher than that those in patients with 
benign lesions (median: 1.12 uIU/mL, 25-75p 0.48-2.01 
uIU/mL) (Mann-Whitney test p<0.05). The frequency of 
malignancy in relation to serum TSH levels, including 
the odds ratio and 95% CI, are reported in Table 4. Of 
1456 patients, 290 (19.92%) had serum TSH levels 
below the lower limit of normal range (<0.40 uIU/mL), 
and 113 (7.76%) had serum TSH levels above the upper 
limit of normal range (>4.00 uIU/mL). In addition, 
1053 (72.32%) had serum TSH levels within the normal 
range (>0.40 uIU/mL and <4.00 uIU/mL; median: 1.34 
uIU/mL), and these patients were subdivided into two 
groups according to TSH levels. The frequency of 
malignancy was found to be closely related to serum 
TSH levels, with the lowest frequency occurring in 
patients with TSH levels <0.40 uIU/mL and the highest 
occurring in patients with serum TSH levels between 
1.34 uIU/mL. The patients with 4.00 uIU/mL TSH also 
showed an increased incidence of malignant cancer 
from the lower to the upper values of the TSH normal 
range (Table 4).

Discussion

 Our results showed that the patients who suffered 
from thyroid nodules were mainly females aged 21–
70 years, and the gender difference was statistically 
significant for all age groups. Most of the thyroid 
cancers were papillary cancers (94.14%), and occurred 
more frequently in women aged 21–40 years, which 
was different from previous reports that found the 
highest frequency in patients of 31-50 years old . 
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Our results also showed a higher incidence of thyroid 
cancers in thyroid nodules (13.18%) than those 
reported by previous studies (5–10%) (Hegedus, 2004). 
One study found that the frequency of differentiated 
thyroid cancer was significantly lower in patients with 
multiple nodules than in patients with single nodules 
(Christensen et al., 1984), and that male patients were 
more at risk than female patients (Rago et al., 2010). 
However, in our studies, no statistically significant 
difference was found to exist between gender and type 
of nodules.
 Our results showed that advanced age correlated 
with elevated incidence of thyroid cancer. In our study, 
50.45% of patients with thyroid cancer also experienced 
benign lesions. In addition, the concurrent presence of 
nodular goiters or Hashimoto’s thyroiditis with thyroid 
cancers was observed at rates of 6.78% (91/1342) or 
13.27% (15/113), respectively. Therefore, patients with 
benign thyroid nodules, especially nodular goiters and 
Hashimoto’s thyroiditis, should be cautiously examined 
and monitored for any evidence of developing 
malignancy, such as hardening of the nodule, loss of 
boundaries or calcification during long-term follow-up. 
When a malignancy is suspected, surgical intervention 
is recommended.
 Recently, many studies in the literature have 
discussed the potential significance of detecting 
thyroid calcifications because of the suspected 
correlation to thyroid malignancy. Development of 
calcifying foci is a fairly common finding in the human 
thyroid in pathological states. Psammoma bodies 
and very fine calcifications are particularly well-
known characteristics of papillary cancer, and have 
diagnostic value (Carcangiu et al., 1985; Johannessen 
and Sobrinho-Simoes, 1980). Micro-calcification has 
been shown to increase the risk for malignancy of the 
thyroid nodule (Li et al., 2010). Micro-calcification is 
also considered the most important indicator of PTC, 
with a reported sensitivity of 29-59% and specificity 
of 96.77%; however, PTC appears in only 0.74% 
of goiters (Iannuccilli et al., 2004). Our studies have 
confirmed these findings. Micro-calcification was also 
reported as detected in up to nearly 60% of the primary 
thyroid cancers, with the majority in PTC (Papini, et al. 
2002). It has also been visualized in follicular thyroid 
carcinomas (Taki et al., 2004). Furthermore, micro-
calcification may appear not only in the primary thyroid 
cancer but also in metastatic thyroid cancer (Ahuja 
et al., 1995). Therefore, the appearance of micro-
calcification in the thyroid nodule could be considered 
as an indicator of high risk for malignancy. Coarse 
calcification, presenting as irregular hyperechoic foci 
with acoustic shadowing, can be seen in benign nodules 
of the thyroid. The diagnosis of a malignant thyroid 
nodule is highly suggested when there is a single solid 
nodule with internal abundant blood supply and high 
resistance index in a young patient (Khoo et al., 2002).
 TSH is the fundamental regulator of thyroid function 

and is related to the secretion of thyroid hormones, 
maintenance of thyroid-specific gene expression 
(differentiation), and thyroid cell proliferation. TSH 
is used clinically as a confirmative growth factor for 
thyroid nodules, and the administration of L-thyroxine 
(L-T4) is a routine medical treatment for nodular goiter. 
Suppression of TSH levels by administering exogenous 
thyroid hormone may interfere with the growth of 
established nodules, as well as with the formation of 
new thyroid nodules (Papini et al., 1998). It has been 
reported that, in patients with nodular thyroid diseases, 
the risk of thyroid malignancy increases with their TSH 
levels, and that, even within normal ranges, the higher  
TSH concentration is associated with higher frequency 
and more advanced stage of thyroid cancer (Boelaert et 
al., 2006; Haymart et al., 2008; Polyzos et al., 2008). 
In a previous study, it was shown that development 
of thyroid autonomy in patients with nodular goiter is 
associated with a lower risk of PTC, suggesting that 
thyroid autonomy may postpone cancer progression by 
reducing TSH levels (Fiore et al., 2009). Experimental 
animal models have shown an increased incidence of 
thyroid cancer in mice and golden hamsters fed on a 
low iodine diet, and it was demonstrated that thyroid 
over-stimulation by TSH leads to hyperplasia and 
eventually to the development of cancer (Fortner et al., 
1960; Schaller and Stevenson, 1966). No difference was 
observed in TSH levels between patients with papillary 
thyroid micro-cancer and those with medullary thyroid 
cancer or c-cell hyperplasia (Gerschpacher et al., 2010).
 In our study presented herein, we analyzed the 
risk of thyroid cancer in patients with nodular thyroid 
diseases. We performed a retrospective study to 
evaluate the frequency of thyroid cancer in a series of 
patients with nodular goiter at the time of their first 
clinical observation in our department. As expected, 
the TSH levels in patients with thyroid cancer were 
significantly higher than those in patients with benign 
thyroid nodules. The serum TSH levels were found to 
have a close relationship with the frequency of thyroid 
cancer, showing a progressive increase from the lower 
to the upper concentrations, even within the normal 
range. Our results were generally in agreement with 
those of previous studies; however, our finding of the 
highest incidence of malignant cancer correlating to the 
TSH range of 1.3352 and 4.000 uIU/mL (normal),  was 
different from a previous report (Fiore et al., 2010). 
 In conclusion, age, TSH levels, and calcification 
are associated with thyroid cancer and may be useful 
predictors of malignancy risk of thyroid nodules. 
Thyroid malignancy often coexists with benign thyroid 
disease. We suggest that when a thyroid nodule is 
first discovered upon clinical examination, further 
evaluation be carried out by using a combination of 
ultrasound and serum TSH measurements, along with 
other well-established diagnostic techniques like the 
fine needle aspiration, to detect thyroid malignancy at 
the earliest possible stage. 
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