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Background: Obesity is associated with thyroid cancer risk. Adiponectin has insulin-sensitizing and anti-inflammatory effects,
while progranulin is associated with inflammation and tumorigenesis. We investigated serum adiponectin and progranulin levels in
patients with benign thyroid nodule (benign group) and papillary thyroid cancer (PTC; PTC group). The associations between these
levels and the clinicopathological features of PTC were evaluated.
Methods: We included 157 patients who underwent thyroid surgery (17% of benign and 83% of PTC group). Clinicopathological
features including size, lymph node metastasis, extrathyroidal extension (ETE), multifocality, American Thyroid Association risk
stratification were evaluated.
Results: The age was 42.0 years, and 69% were female. Serum adiponectin and progranulin levels were 6.3 µg/mL and 101.5 ng/mL
in the benign group and 5.4 µg/mL and 106.1 ng/mL in the PTC group, respectively (P=0.6 and P=0.4, respectively). Serum adiponectin levels showed no significant differences according to clinicopathological features of PTC. The proportions of patients with
primary tumor size >1 cm were 3%, 5%, 8%, and 8% according to serum progranulin level quartiles, respectively (P=0.03). The
proportions of patients with microscopic/gross ETE were 8%/0%, 9%/1%, 11%/1%, and 11%/2% according to serum progranulin
level quartiles, respectively. Median serum progranulin level was significantly higher in patients with PTC >1 cm than in patients
with papillary thyroid microcarcinoma (P=0.04, 115.3 ng/mL and 104.7 ng/mL, respectively).
Conclusion: Serum adiponectin and progranulin levels showed no significant difference between benign and PTC groups. Increased
serum progranulin levels were significantly associated with PTC >1 cm and microscopic and gross ETE.
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INTRODUCTION
Obesity is characterized by excessive accumulation of body fat
and is a risk factor for several cancers including breast cancer,
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endometrial cancer, colon cancer, and prostate cancer [1-4].
Previous studies have also demonstrated the association between obesity and increased risk of thyroid cancer [4-10].
Though the underlying mechanisms have not yet fully underCopyright © 2020 Korean Endocrine Society
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stood, obesity-related metabolic abnormalities including chronic
inflammation, insulin resistance, and several adipokines have
been suggested to contribute to the association between obesity
and cancer risk [1,10-17].
Adiponectin is an adipokine inversely associated with obesity
and insulin resistance [17,18]. It has insulin-sensitizing, anti-inflammatory, and anti-atherogenic effects and has been suggested
to be a biological mediator between obesity and the increased
risk of several cancers [18,19]. Several studies have reported
that serum adiponectin level has been suggested independently
and inversely associated with risk of thyroid cancer [17,18]. In
addition, a case-control study reported human thyroid carcinomas and cell lines express adiponectin receptors [19]. However,
the association between serum adiponectin level and clinicopathological features of thyroid cancer has been little studied
[20]. One study reported that serum adiponectin levels were
similar between patients with and without any type of invasion
or metastasis, including bilaterality, multifocality, cervical
lymph node (LN) metastasis, extrathyroidal invasion, vascular
invasion, and distant metastasis [20].
Progranulin is a cysteine-rich secreted protein with diverse
pleiotropic actions and participates in several processes, such as
inflammation and tumorigenesis [21]. Progranulin has been recognized as an adipokine related to obesity and insulin resistance
[22]. Progranulin has been proposed to be associated with the
development and progression of several types of obesity-associated cancers such as breast cancer and prostate cancer [21,2328]. However, serum progranulin level in patients with thyroid
cancer has not been investigated, although obesity is associated
with the risk of thyroid cancer [4-10].
In this study, we investigated serum adiponectin and progranulin levels in patients with benign thyroid nodule or papillary
thyroid cancer (PTC). We also evaluated the association between serum adiponectin and progranulin levels and the clinicopathological features of PTCs.

were included. This study was approved by the Institutional Review Board of Kangbuk Samsung Hospital (KBC11082), and
informed consent was obtained from all participants.

METHODS

Statistical analysis
For statistical analysis, IBM SPSS Statistics for Window version
24.0 (IBM Co., Armonk, NY, USA) was used. Continuous variables are expressed as median with interquartile range (IQR).
Categorical variables are presented as number and percentage.
The Mann-Whitney U test, Kruskal-Wallis test, Pearson correlation analysis, Fisher’s exact test, and linear by linear association
were used. A P<0.05 was considered statistically significant.
All P values were 2-sided.

Study design and patients
This study included 157 patients who underwent thyroid surgery due to benign thyroid nodule or PTC in Kangbuk Samsung
Hospital between July 2011 and October 2011. Of the 157 patients, 17% had benign thyroid nodule (benign group) and 83%
had PTC (PTC group). Serum adiponectin and progranulin levels were evaluated in benign and PTC groups. Subjects who
agreed to join this study and who were at least 20 years of age
Copyright © 2020 Korean Endocrine Society

Anthropometric measurements
On the day of admission for thyroid surgery, the heights and
weights were measured in patients wearing light clothing without shoes. Body mass index (BMI) was calculated using the following formula; the weight in kilograms stratified by the square
of the height in meters (kg/m2).
Blood collection and laboratory analyses
Blood specimens were taken from the antecubital vein of subjects following a fast of at least 10 hours early in the morning
before thyroid surgery. Serum adiponectin and progranulin levels were measured using a commercial kit of enzyme-linked immunosorbent assay (AdipoGen Inc., San Diego, CA, USA) according to the manufacturer’s instructions.
Management protocol and definition
All the patients underwent routine preoperative neck ultrasonography. The surgical extent was determined depending on the
clinicopathological risk factors, the decision of the physician,
and patient preference. For patients who underwent lobectomy,
routine prophylactic ipsilateral central compartment LN dissection was performed. For patients who underwent total thyroidectomy, prophylactic ipsilateral or bilateral central compartment
LN dissection was performed. Therapeutic neck dissection was
performed when metastatic cervical LNs were suspected or confirmed preoperatively. The definition of papillary thyroid microcarcinoma (PTMC) is a PTC of 1 cm or less. The risk stratification suggested by the American Thyroid Association (ATA) was
applied to compare serum adiponectin and progranulin levels
between the patients with ATA low and ATA intermediate/high
risk [29].
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RESULTS

patients (49%) had ATA low risk and 66 patients (51%) had
ATA intermediate/high risk.

Baseline characteristics of the patients
This study included 157 patients. Baseline characteristics of the
patients are listed in Table 1. Median age was 42.0 years (IQR,
34.0 to 50.0) and 69% were female. Median height and weight
were 163.3 cm (IQR, 159.4 to 170.5) and 61.7 kg (IQR, 56.1 to
71.6). Median BMI was 23.7 kg/m2 (IQR, 21.0 to 25.8). Median
adiponectin and progranulin levels were 5.5 µg/mL (IQR, 2.7 to
9.9) and 105.8 ng/mL (IQR, 91.1 to 124.5), respectively.
In total, 17% of patients had benign thyroid nodule (benign
group) and 83% of patients had PTC (PTC group). In the PTC
group, the median primary tumor size was 0.7 cm (IQR, 0.5 to
1.1) and 25% showed primary tumor size >1.0 cm (Table 1).
Among the 72 patients (55%) with cervical LN metastasis, 59
patients (45%) had N1a and 13 patients (10%) had N1b of cervical LN metastasis. Among the 58 patients (45%) with the extrathyroidal extension (ETE), 53 patients (41%) had microscopic ETE and five patients (4%) had gross ETE. The proportion of
patients with multifocal PTC was 21%. In the PTC group, 65

Anthropometric markers and serum adiponectin and
progranulin levels.
Age, sex, height, weight, and BMI were compared between benign and PTC groups and there were no significant differences
(Table 1). When we performed correlation analysis, BMI and
serum adiponectin levels had a weak negative association (r=
–0.143) which was not statistically significant (P=0.074). The
correlation between BMI and serum progranulin levels showed
no significant association either (r=0.075, P=0.4).
Serum adiponectin and progranulin level in patients with
benign thyroid nodule or PTC
Median serum adiponectin level was 6.3 µg/mL (IQR, 3.1 to 10.2)
in the benign group and 5.4 µg/mL (IQR, 2.7 to 9.6) in the PTC
group (Fig. 1A). Serum adiponectin level had no statistically
significant differences between the benign and PTC groups (P=
0.6). Median serum progranulin level was 101.5 ng/mL (IQR,

Table 1. Baseline Characteristics of the Patients with Benign Thyroid Nodule or Papillary Thyroid Cancer
Characteristic
Age, yr
Female sex

Total (n=157)

Benign (n=26)

PTC (n=131)

P value

42 (34–50)

48 (35–53)

41 (33–48)

0.1

17 (65)

92 (70)

0.6

109 (69)

Height, cm

163.3 (159.4–170-5)

162.9 (160.9–172.6)

163.3 (158.9–169.8)

0.5

Weight, kg

61.7 (56.1–71.6)

65 (55.1–72.0)

61.6 (56.1–71.4)

0.9

23.7 (21.0–25.8)

23.5 (20.9–26.0)

23.7 (21.0–25.8)

0.9

BMI, kg/m

2

Clinicopathological features of PTC
Size, cm

0.7 (0.5–1.1)

>1 cm (yes)

33 (25)

LN metastasis (yes)

72 (55)

N1a

59 (45)

N1b

13 (10)

ETE (yes)

58 (45)

Microscopic ETE (yes)

53 (41)

Gross ETE (yes)

5 (4)

Multifocality (yes)

28 (21)

ATA risk stratification
Low risk

65 (49)

Intermediate/high risk

66 (51)

Adiponectin, μg/mL

5.5 (2.7–9.7)

6.3 (3.1–10.2)

5.4 (2.7–9.6)

0.6

Progranulin, ng/mL

105.8 (91.5–124.2)

101.5 (79.4–125.4)

106.1 (94.1–123.9)

0.4

Values are expressed as median (interquartile range) or number (%).
PTC, papillary thyroid cancer; BMI, body mass index; LN, lymph node; ETE, extrathyroidal extension; ATA, American Thyroid Association.
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Benign and PTC groups

Benign and PTC groups

P=0.4

P=0.6
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Fig. 1. (A) Serum adiponectin level in patients with benign thyroid nodule or papillary thyroid cancer (PTC). (B) Serum progranulin level in
patients with benign thyroid nodule or papillary thyroid cancer. Error bars show medians and interquartile ranges.
Table 2. Clinicopathological Features According to Serum Adiponectin and Progranulin Levels Quartiles in Patients with Papillary Thyroid Cancer
Variable

Total (n=131)

Q1

Q2

Q3

Q4

P value

Serum adiponectin level quartiles
Size >1 cm

33 (25)

9 (7)

8 (6)

6 (5)

10 (8)

0.7

LN metastasis (yes)

72 (55)

22 (17)

20 (15)

12 (9)

18 (14)

0.3

N1a

59 (45)

17 (13)

19 (15)

9 (7)

14 (11)

0.7

N1b

13 (10)

5 (4)

1 (1)

3 (2)

4 (3)

58 (45)

12 (9)

18 (14)

10 (8)

18 (14)

0.2

53 (41)

11 (8)

16 (12)

9 (7)

17 (13)

0.3

5 (4)

1 (1)

2 (4)

1 (1)

1 (1)

28 (21)

5 (4)

5 (4)

8 (6)

10 (8)

ETE (yes)
Microscopic ETE
Gross ETE
Multifocality (yes)
ATA risk stratification

0.05
0.3

Low risk

65 (49)

19 (15)

15 (11)

20 (15)

11 (8)

Intermediate/high risk

66 (51)

15 (11)

19 (15)

12 (9)

20 (15)

Size >1 cm

33 (25)

4 (3)

7 (5)

11 (8)

11 (8)

0.03

LN metastasis (yes)

Serum progranulin level quartiles
72 (55)

14 (11)

22 (17)

14 (11)

22 (17)

0.3

N1a

59 (45)

12 (9)

18 (14)

12 (9)

17 (13)

0.6

N1b

13 (10)

2 (2)

4 (3)

2 (2)

5 (4)

58 (45)

11 (8)

13 (10)

16 (12)

18 (14)

0.08

53 (41)

11 (8)

12 (9)

15 (11)

15 (11)

0.03

ETE (yes)
Microscopic ETE
Gross ETE

0

1 (1)

1 (1)

3 (2)

28 (21)

8 (6)

6 (5)

6 (5)

8 (6)

Low risk

65 (49)

17 (13)

19 (15)

16 (12)

13 (10)

Intermediate/high risk

66 (51)

13 (10)

16 (12)

18 (14)

19 (15)

Multifocality (yes)

5 (4)

ATA risk stratification

0.9
0.2

Values are expressed as number (%). P values were calculated by linear by linear association.
LN, lymph node; ETE, extrathyroidal extension; ATA, American Thyroid Association.
Copyright © 2020 Korean Endocrine Society
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79.4 to 125.4) in the benign group and 106.1 ng/mL (IQR, 94.1
to 123.9) in the PTC group (Fig. 1B). Serum progranulin level
did not differ significantly between the benign and PTC groups
(P=0.4).
Clinicopathological features according to serum
adiponectin and progranulin level quartiles
Clinicopathological features were analyzed according to serum
adiponectin and progranulin level quartiles in patients with PTC
(Table 2). The proportions of patients with primary tumor size
>1 cm, cervical LN metastasis including N1a and N1b, ETE including microscopic and gross ETE, multifocality, and ATA risk
stratification did not have significant differences according to
serum adiponectin level quartiles.
The numbers of patients with primary tumor size >1 cm were

four (3%), seven (5%), 11 (8%), and 11 (8%) according to serum progranulin level quartiles, respectively, and these increased significantly according to serum progranulin level quartiles (P=0.03). The numbers of patients with microscopic ETE
were 11 (8%), 12 (9%), 15 (11%), and 15 (11%) according to
serum progranulin level quartiles, respectively. The numbers of
patients with gross ETE were 0 (0%), one (1%), one (1%), and
three (2%) according to serum progranulin level quartiles, respectively. The proportions of patients with microscopic and
gross ETE increased significantly according to serum progranulin level quartiles (P=0.03). The proportions of patients with
cervical LN metastasis including N1a and N1b, multifocality,
ATA risk stratification did not have significant differences according to serum progranulin level quartiles.

Adiponectin level and primary tumor size

Primary tumor size

P=0.8

P=0.7
30
Adiponectin (μg/mL)

Adiponectin (μg/mL)

30

20

10

0

2
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10
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Size ≤1.0

Size >1.0

A

Primary tumor size (cm)

B

Progranulin level and primary tumor size

Primary tumor size

P=0.2

P=0.04
200
Progranulin (ng/mL)
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150

10
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0
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Primary tumor size (cm)
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C
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D

Fig. 2. (A) Correlation analysis between serum adiponectin level and primary tumor size in patients with papillary thyroid cancer (PTC). (B)
Serum adiponectin level in patients with papillary thyroid microcarcinoma (PTMC) and PTC >1 cm. (C) Correlation analysis between serum progranulin level and primary tumor size in patients with papillary thyroid cancer. (D) Serum progranulin level in patients with PTMC
and PTC >1 cm. Error bars of (B) and (D) show medians and interquartile ranges.
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Serum adiponectin level according to clinicopathological
feature of PTC
Fig. 2A shows the association between serum adiponectin level
and primary tumor size in the PTC group. There was no significant correlation between serum adiponectin level and the primary tumor size (P=0.8). Median serum adiponectin level was
5.2 µg/mL (IQR, 2.7 to 9.6) in patients with PTMC and 5.5 µg/mL
(IQR, 2.6 to 10.8) in patients with PTC >1 cm (P=0.7) (Fig. 2B).
Serum adiponectin level in patients with PTC showed no significant difference according to presence of cervical LN metastasis,
ETE, or multifocality (P=0.6, Fig. 3A; P=0.7, Fig. 3B; P=0.09,
Fig. 3C, respectively). Serum adiponectin level was not associated with metastatic LN ratio in patients with central LN metastasis (P=0.5). Median serum adiponectin level was 5.0 µg/mL
(IQR, 2.6 to 9.4) in patients with ATA low risk and 5.5 µg/mL
(IQR, 3.4 to 11.4) in patients with ATA intermediate/high risk.
There was no significant difference in serum adiponectin level

in patients with ATA low or ATA intermediate/high risk (P=0.4,
Fig. 3D).
Serum progranulin level according to clinicopathological
feature of PTC
Fig. 2C shows the association between serum progranulin level
and primary tumor size in the PTC group. There was no significant correlation between serum progranulin level and the primary tumor size (P=0.2). Median serum progranulin level was significantly higher in patients with PTC >1 cm than in patients
with PTMC (115.3 ng/mL [IQR, 102.8 to 133.2] and 104.7 ng/mL
[IQR, 90.5 to 122.7], respectively; P=0.04) (Fig. 2D). Serum
progranulin level in patients with PTC showed no significant
difference according to presence of cervical LN metastasis, ETE,
or multifocality (P=0.8, Fig. 4A; P=0.2, Fig. 4B; P=0.6, Fig.
4C, respectively). Serum progranulin level was not associated
with metastatic LN ratio in patients with central LN metastasis

Cervical LN metastasis

Extrathyroidal extension

P=0.6

P=0.7
30
Adiponectin (μg/mL)

Adiponectin (μg/mL)

30

20

10

0

N0
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N1b
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10

0

A

ETE (−)

Multifocality
P=0.09
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D

P=0.4
30
Adiponectin (μg/mL)

Adiponectin (μg/mL)

B

ATA risk stratification

30

20

10

0

Gross

Microscopic

Unifocal

Multifocal

C

20

10

0
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Fig. 3. Serum adiponectin level in patients with papillary thyroid cancer (PTC) according to (A) cervical lymph node metastasis, (B) extrathyroidal extension, (C) multifocality, and (D) American Thyroid Association (ATA) risk stratification. Error bars mean medians and interquartile ranges.
Copyright © 2020 Korean Endocrine Society
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Fig. 4. Serum progranulin level in patients with papillary thyroid cancer (PTC) according to (A) cervical lymph node metastasis, (B) extrathyroidal extension, (C) multifocality, and (D) American Thyroid Association (ATA) risk stratification. Error bars mean medians and interquartile ranges. LN, lymph node.

(P=0.3). Median serum progranulin level was 104.7 ng/mL (IQR,
90.6 to 123.3) in patients with ATA low risk and 107.6 ng/mL
(IQR, 95.5 to 128.2) in patients with ATA intermediate/high
risk. There was no significant difference in serum progranulin
levels in patients with ATA low or ATA intermediate/high risk
(P=0.4, Fig. 4D).

DISCUSSION
In this study, serum adiponectin and progranulin level did not
have significant differences between benign and PTC groups.
When clinicopathological features were evaluated according to
serum adiponectin and progranulin level quartiles in patients
with PTC, the proportions of patients with primary tumor size
>1 cm and microscopic and gross ETE increased significantly
according to serum progranulin level quartiles. The median serum progranulin level was significantly higher in patients with
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PTC >1 cm than in patients with PTMC. However, serum adiponectin level showed no significant differences according to
the clinicopathological features of PTC.
The incidence of thyroid cancer has been increasing throughout the world during the last few decades [30-33]. During the
same time period, the prevalence of obesity has dramatically increased and has become a major public health issue worldwide
[34,35]. In addition to the widespread use of high-resolution
imaging tools, changes in lifestyle and environmental factors
are considered contributing factors to an increase in the incidence of thyroid cancer [33,36]. Obesity has been associated
with increased risk of thyroid cancer [4-10]. The expanding adipose tissue in obesity could contribute to development of cancer
by dysregulated secretion of adipokines because adipose tissue
is an active endocrine organ that produces and releases adipokines [14,37,38].
Decreased level of adiponectin, which is one of adipokines, is
Copyright © 2020 Korean Endocrine Society
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also reported to be a risk factor for obesity-related cancers including breast cancer, prostate cancer, and colorectal cancers
[14,18,19]. The anti-tumor effects of adiponectin may be caused
indirectly by decreasing insulin resistance, hyperinsulinemia,
and insulin-like growth factor-1 or by modulating neovascularization and inflammation [18]. Considering that several cancer
cells express adiponectin receptors, adiponectin may be able to
act directly on tumor cells [18,39].
Several studies have reported that serum adiponectin level has
been suggested inversely associated with risk of thyroid cancer
[17,18]. However, this study did not show significant differences of serum adiponectin level between the benign and PTC
groups. In addition, the median serum adiponectin level in this
study (5.5 μg/mL) was lower than that of the previous study
(17.0 to 19.3 μg/mL) [18]. It might be one reason for this different result that BMIs of the study patients in this study were lower than those in the previous studies. The median BMI of the
study patients was 23.7 kg/m2 in this study; however, it was
25.5 to 29.5 kg/m2 in the previous studies [17,18]. The small
number of study subjects could be another reason for the discrepancy. In particular, it is one of the limitations of this study
that the number of patients with benign thyroid nodule was
small. Different pathologic types of thyroid cancers included in
the study could be another reason. This study included only patients with PTC. In contrast, the previous studies included follicular, medullary, and Hurthle cell thyroid cancer as well as
PTC [17,18]. On subgroup analysis of the previous study, subjects in the highest tertile of serum adiponectin levels had significantly lower odds of developing PTC compared with subjects in the lowest tertile [18]. A case-control study including
patients with medullary thyroid carcinoma (MTC), serum adiponectin level was not significantly different between the MTC
and healthy control groups [40].
The association between serum adiponectin level and clinicopathological features of thyroid cancer has been little studied
[20]. This study demonstrated serum adiponectin level showed
no significant differences according to the clinicopathological
features of PTC, consistent with the previous study [20]. In a
study evaluating expression of adiponectin receptors in the tumor tissues of PTC, negative expression of adiponectin receptors was significantly associated with extrathyroidal invasion,
multicentricity, and higher tumor-node-metastasis (TNM) stage
[19]. These results suggested that the expression of adiponectin
receptors rather than serum adiponectin levels may be associated with the progression of thyroid cancer.
Progranulin is an adipokine also known as acrogranin, granuCopyright © 2020 Korean Endocrine Society

lin/epithelin precursor, proepithelin, PC cell-derived growth
factor, and 88-kDa glycoprotein (GP88) [23,24]. Progranulin
has been implicated in multiple biological and pathological processes of cell growth, tumorigenesis, embryogenesis, wound
healing, inflammation, immunity, and insulin resistance [21].
Overexpression of progranulin has been detected in several cancer tissues including breast cancer, ovarian cancer, and cholangiocarcinoma [21,23-28]. Increased expression of progranulin
promotes responses such as proliferation, invasion and migration, angiogenesis, malignant transformation, and immune evasion that can lead to development of cancers [24].
Because progranulin is a secreted protein, circulating level of
progranulin can be measured using an enzyme immunoassay.
This is the first study to evaluate serum progranulin level in patients with thyroid cancer, which is known as the obesity-related
cancer. In this study, serum progranulin levels increased significantly in patients with PTC >1 cm and microscopic and gross
ETE. However, there was no significant difference in serum
progranulin level between benign and PTC groups. These results suggested that serum progranulin level is likely to be associated with the progression rather than the development of thyroid cancer.
Serum progranulin level has been evaluated in several cancers
[21,23-28]. The previous studies showed inconsistent results in
the role of progranulin for cancer. In a study of ovarian cancer,
serum progranulin levels were not significantly increased in patients with ovarian cancer compared with benign disease [25].
However, increased serum progranulin level was associated
with decreased overall survival in advanced ovarian cancer [25].
These results suggested that serum progranulin level was associated with the progression rather than the development of cancer. In contrast, another study of breast cancer reported that serum progranulin level was elevated in patients with breast cancer than in healthy volunteers, and it was higher in patients with
later stage than early stage [27]. These results supported that serum progranulin level was associated with the progression as
well as the development of cancer. Further studies about progranulin in thyroid cancer are needed to clearly understand their
association.
This study has several limitations. The possibility of selection
bias cannot be ruled out because patients from a single tertiary
referral center were enrolled. We only included patients with a
benign thyroid nodule or PTC, there were not healthy controls.
Also, the data of age- and sex-matched normal controls was unavailable, the analysis of age- and sex-matched normal controls
could not be performed. The small number of study subjects,
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especially the small number of patients with benign thyroid
nodule was one of the limitations of our study. The proportion
of patients with benign thyroid disease was relatively small
since only patients who underwent thyroid surgery were enrolled. Correlation analysis between BMI and serum adiponectin or progranulin levels showed no significant association either. This is a limitation of our study and it may be because this
study included a relatively small number of patients. It may be
one of the causes in which this study has not shown statistically
significant associations contrary to previous studies. Because
we included patients who underwent thyroid surgery in 2011,
approximately 70% of patients in the PTC group had PTMCs.
We could not obtain information on body composition or homeostatic model assessment of insulin resistance for the measurement of insulin resistance in the patients. Because this study
included a relatively small number of patients with a benign
thyroid nodule and PTC, it is hard to conclude the association of
serum adiponectin and progranulin levels according to benign
or PTC groups or clinicopathological features of PTC. Nonetheless, we evaluated serum adiponectin levels according to clinicopathological feature in patients with PTC. Moreover, this is
the first study to evaluate serum progranulin levels in patients
with benign thyroid nodule and PTC.
In conclusion, serum adiponectin and progranulin levels did
not have significant differences between benign and PTC
groups in this study. Serum adiponectin levels in patients with
PTC showed no significant differences according to primary tumor size, presence of cervical LN metastasis, ETE, and multifocality. Serum progranulin levels increased significantly in patients with PTC >1 cm. The proportions of patients with microscopic and gross ETE increased significantly according to serum progranulin level quartiles.
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