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Background: Thyroid nodules are frequent occurrences. This study aims to evaluate
the risk of malignancy based on the 2015 American Thyroid Association Management:
Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer.
Methods: In this cross-sectional study, ultrasonography and clinical manifestations
were compared with pathology findings to predict the risk of malignancy in thyroid nodules.
Assessment of the ultrasound findings was based on the criteria recommended by The
2015 American Thyroid Association Management Guidelines for Thyroid Nodules. For
the evaluation of the association between clinical and ultrasound findings with
histopathology results, we used the chi-square and Fisher’s exact tests. The relative risk
and prediction of malignancy was assessed by multiple logistic regression analysis.
Data analysis was performed by the SPSS19. The significance level was set at P<0.05.
Results: From 130 patients with thyroid nodules, 110 (84.6%) were female. The
mean age of participants was 46.1±11.5 years. Histopathology findings showed
malignancy in 17.7% of the nodules, all of were papillary thyroid carcinoma. Multivariate
logistic regression showed some of the ultrasonography parameters, absence of halo
(P<0.001, OR=28), taller than wide shape (P=0.001, OR=18.3), nodule size more than
4 cm (P=0.04, OR=12.1), irregular margin (P=0.001, OR=10.06), solid or mixed
composition (P=0.002, OR=8.1), hypoechoic (P=0.001, OR=4.5), lymph node positive
(P=0.002, OR=4.3), positive calcification (P=0.03, OR=2.08), positive internal
vascularity (P<0.001, OR=1.05), and intermediate/high level of suspicion (P=0.001,
OR=12) could predict malignancy in patients with thyroid nodules.
Conclusion: Based on increasing rate of thyroid cancer, in this study, the new and
accurate ultrasound technique is recommended as alternative diagnostic method due
non-invasive nature and lower cost used.
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Introduction

Thyroid nodules are a common medical
problem in the general population with a
prevalence of 10%-70%. Women are more
frequently diagnosed, in addition to individuals
older than 40 years of age and those with a positive
family history of thyroid diseases.1-4 Thyroid
cancer is found in 5%–15% of cases and depends
on sex, age, and exposure to other risk factors. The
increased use of thyroid, head and neck ultrasound
has led to increased diagnosis of asymptomatic
thyroid nodules and faster detection of thyroid
cancer in adults.5 Age, positive family history,
previous head and neck X-ray, and ultrasound
parameters such as microcalcifications, absence
of a halo, increased intranodal vascularity, hypoechogenicity, tall shape of a nodule or irregular
margins are traditionally associated with increased
risk of malignancy in thyroid nodules. However,
none of these parameters is sufficient and reliable
to detect malignancy in these cases. Only
aspiration and pathology results are considered
definitive criteria for diagnosis by the physician.
Some studies have reported diagnostic sensitivity
ranges from 26.5%-87.1% for hypoechogenicity,

54.3%-74.2% for intranodular vascularity, and
26.1%-59.1% for microcalcifications. Specificity
ranges were 43.4%-94.3% for hypoechogenicity,
78.6%-80.8% for intranodular vascularity, and
85.5%-95% for microcalcifications.6,7 Recently,
determination of tissue elasticity by ultrasound
(elastography) has been proposed to detect
malignancy in thyroid nodules.8 Considering the
uncertainty of clinical findings and ultrasound in
benign and malignant differentiation in detected
thyroid nodules, the aim in this study is to
investigate the relationship between clinical
manifestation and ultrasound characteristics with
pathologic confirmation of malignancy.

Materials and Methods

In this cross-sectional study, 130 cases of
thyroid nodules larger than 1 cm were selected by
convenient sampling method from patients who
presented to the Endocrinology Ward at Loghman
Hakim Hospital, a tertiary university medical
center in Tehran, Iran in 2017. Patients were
referred by endocrinologists, otolaryngologists, or
surgeons in the same hospital due to clinical
suspicion of thyroid nodules. We used a data

Figure 1. Type of thyroid nodules (pathology finding) based on age and sex.
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Table 1. The risk for malignancy according to the ultrasound criteria in the 2015 American Thyroid Association Management Guidelines.
Level of
Shape
Echogenic
Margin
Composition
Echogenicity
suspicion
foci
High suspicion
Taller than wide
Micro calcifications
Irregular, lobulated
Solid or
Hypoechoic
rim calcifications
Extra thyroidal
partially cystic
extension

Intermediate
suspicion

Low suspicion
Very low
suspicion

Benign

Not taller
than wide

Not taller
than wide

Not taller
than wide

Not taller
than wide

Without micro
calcifications

Without micro
calcifications

Without micro
calcifications

Without micro
calcifications

collection form to gather patients’ demographic
information such as age, sex, family history,
previous thyroid diseases, clinical manifestations
(pain, dysphonia, and other findings), and
laboratory analyses (Thyroid Stimulating
Hormone (TSH), Anti-thyroid peroxidase
Antibody (anti-TPO antibody). Nodules greater
than 1 cm were aspirated under ultrasound-guided
fine needle aspiration (FNA). A single radiologist
performed the ultrasonography with a superficial
probe 8-12 Hz) and the FNA. Next, we assessed
the relationship between clinical manifestation
and ultrasound findings with pathology characteristics for malignancy. Thyroid nodules were
assessed according to the criteria from the 2015
American Thyroid Association Management:
Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer and,
based on the aggregated ultrasound parameters,
each nodule was assigned a level of suspicion
for malignancy (Table 1).9 All patients provided
their oral consent to participate in the study. The
Ethical Committee of Shahid Beheshti University
of Medical Sciences, Tehran, Iran approved this
study.
Statistical analysis
Mean ± standard deviation values were used for
descriptive results. Qualitative data were recorded
as numbers and percents. The chi-square and
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Smooth

Solid

Smooth

Solid or partially
Iso/hyperechoic
cystic with
eccentric solid areas

Smooth
Smooth

Spongiform or
Partially Cystic
Purely cystic

Hypoechoic

Iso/hyperechoic
Anechoic

Fisher’s exact tests were used to evaluate the
association between variables. Finally, multivariate
logistic regression was used to predict the possible
factors for malignancy in the thyroid nodules.
We used the Statistical Package for the Social
Sciences, version 19 for total analysis. P<0.05 was
considered significant for all tests.

Results

Out of the 130 cases with one or multiple
thyroid nodules at Loghman Hakim Hospital, 110
(84.6%) were female. The mean age was
46.1±11.5 years. All 23 (17.7%) discovered
malignant thyroid nodules were papillary thyroid
carcinoma (PTC) and there were 107 (82.3%)
benign cases. None of the patients mentioned any
history of radiotherapy or radiation exposure.
Among 23 malignant thyroid nodules, 20 of the
nodules were in females. Figure 1 shows that the
relative frequency of malignancy was almost
equal in both sexes (18% females and 15% males).
We observed an association between pathology
findings (malignant/benign) and pain (P=0.04),
dysphonia (P=0.001), and family history of cancer
(P=0.001) as demographic characteristics, in
addition to nodule size ≥4 cm (P˂0.001), hypoechogenicity (P˂0.001), microcalcifications
(P˂0.001), irregular margins (P˂0.001), absence
of the halo sign (P˂0.001), taller than wide shape
(P˂0.001), positive internal vascularity (P˂0.001),
Middle East J Cancer 2019; 10(3): 246-253
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Table 2. Association between demographic, clinical manifestation, ultrasound, and laboratory tests with pathology results of patients
with thyroid nodules (univariate analysis).
Variables
Pathology
P-value
Variables
Pathology
P-value
Benign
Malignant
Benign
Malignant
Number (%)
Number (%)
0.09
Echogenicity
<0.001≠
Age (years)
20-45
49 (45.8)
15 (65.2)
Hypoechoic
21 (19.6)
23 (100)
>45
58 (54.2)
8 (34.8)
Hyper/iso/mixed 86 (80.4)
0 (0)
Sex
0.7
Calcification
<0.001≠
Male
17 (15.9)
3 (13)
Micro
3 (2.8)
15 (65.2)
Female
90 (84.1)
20 (87)
Macro
22 (20.6)
2 (8.7)
None
82 (76.6)
6 (26.1)
Pain
0.04≠
Margin
<0.001≠
28 (26.2)
11 (47.8)
Regular
102 (95.3)
4 (17.4)
Yes
No
79 (73.8)
12 (52.2)
Irregular
5 (4.7)
19 (82.6)
Dysphonia
0.001≠
Halo
<0.001≠
Yes
23 (21.5)
17 (73.9)
Yes
104 (97.2)
4 (17.4)
No
84 (78.5)
6 (26.1)
No
3 (2.8)
19 (82.6)
Family history
0.001≠
Shape
<0.001≠
of thyroid cancer
Yes
3 (2.8)
7 (30.4)
Taller than wide
1 (0.9)
8 (34.8)
No
104 (97.2)
16 (69.6)
Not taller
106 (99.1)
15 (65.2)
than wide
Size (cm)
Lymph nodes
<0.001≠
Yes
32 (29.9)
15 (65.2)
<0.001≠
No
75 (70.1)
8 (34.8)
1-2
54 (50.5)
5 (21.7)
Level of suspicion
<0.001≠
2-4
44 (41.1)
9 (39.1)
Very low/low
96 (89.7)
1 (4.3)
>4
9 (8.4)
9 (39.1)
Intermediate/high 11 (10.3)
22 (95.7)
Composition
0.002≠
TSH
0.08
Solid
50 (46.7)
20 (87)
<0.5 or >4
11 (64.7)
96 (85)
Cystic/spongiform 9 (8.4)
0 (0)
0.5-4
6 (35.3)
17 (15)
Mixed
48 (44.9)
3 (13)
Internal vascularity
<0.001≠
Anti-TPO
0.03≠
Yes
14 (13.1)
17 (73.9)
Yes
33 (30.8)
2 (5.7)
No
93 (86.9)
6 (26.1)
No
74 (69.2)
21 (91.3)
≠: Indicates statistical significance.

positive lymph nodes (P˂0.001), and solid
composition (P=0.002) in ultrasonography
parameters. We observed that 95.7% of the cases
were considered malignant according to pathology
and were also intermediate and high grade
according to ultrasound findings. A significant
association existed between anti-TPO and
pathology findings (P=0.03). Thus, 91.3% of the
malignant nodules were negative for anti-TPO
(Table 2). Multiple logistic regression analysis
predictive factors for malignancy in patients with
thyroid nodules according to ultrasound
parameters included: absent halo sign (P<0.001;
OR=28; 95% CI: 16.3-36), taller than wide shape
(P=0.001; OR=18.3; 95% CI: 5.2-25.5), nodule
size > 4 cm (P=0.04; OR=12.1; 95% CI: 3.2-18),
irregular margins (P=0.001; OR=10.06; 95% CI:
Middle East J Cancer 2019; 10(3): 246-253

1.9-15.5), solid or mixed composition (P=0.002;
OR=8.1; 95% CI: 3.5-12.6), hypoechoic (P=0.001;
OR=4.5; 95% CI: 2.2-16.1), lymph node
(P=0.002; OR=4.3; 95% CI: 1.6-11.3),
calcification (P=0.03; OR=2.08; 95% CI: 1.1210.5), internal vascularity (P<0.001; OR=1.05;
95% CI: 3.2-20.05), and intermediate/high level
of suspicion (P=0.001; OR=12; 95% CI: 6.5-25)
as seen in Table 3.

Discussion

We assessed 130 thyroid nodules in patients
who presented to the Endocrinology Department
of Loghman Hakim Hospital in 2017. From these,
23 (17.7%) were malignant PTC.
Thyroid cancer is the most common thyroid
malignancy, which is increasing.10,11 The reasons
249
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Table 3. Prediction of malignancy in patients with thyroid nodules (multiple logistic regression).

Variables
Size
>4
£4 (reference)

OR (95% CI)
12.1 (3.2-18)

P-value
0.04

Halo
No
Yes (reference)

28 (16.3-36)

<0.001

Shape
Taller than wide
Not taller than wide (reference)

18.3 (5.2-25.5)

0.001

Internal vascularity
Yes
No (reference)

1.05 (3.2-20.05)

<0.001

Calcification
Yes
No (reference)

2.08 (1.12-10.5)

0.03

Composition
Solid
Mixed
Cystic/spongiform (reference)

8.1 (3.5-12.6)

0.002

Echogenicity
Hypoechoic
Hyper/iso/mixed (reference)

4.5 (2.2-16.1)

0.001

Margin
Irregular
Regular (reference)

10.06 (1.9-15.5)

0.001

4.3 (1.6-11.3)

0.002

12 (6.5-25)

0.001

Lymph nodes
Yes
No (reference)

Level of suspicion
Intermediate/high
Very low/low (reference)

for the increased incidence rate can be attributed
to improved diagnostic methods and changes in
risk factors.12,13 According to a number of studies,
approximately 5%-15% of thyroid nodules are
malignant;14,15 however, the prevalence of this
cancer is increasing in the United States and most
industrialized countries.16 In the current study,
the presence of surgical, ENT, and endocrinology
clinics in one location and their collaboration
250

could increase the referral of patients with thyroid
nodules to the thyroid clinic and account for an
increased incidence in additional malignancies.
Concern expressed by first-degree relatives of
patients about thyroid cancer might have caused
an increase in referrals to physicians for diagnostic
measures and increase the incidence of thyroid
cancer. The results indicated that pain, dysphonia,
and positive family thyroid cancer history were
associated with malignant thyroid nodules. None
Middle East J Cancer 2019; 10(3): 246-253
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of the patients had a history of radiotherapy. In
other studies, clinical manifestations suggestive of
malignant nodules included age below 20 and
over 60 years, male gender, radiotherapy history,
rapid growth of the nodule, changes in speaking
and swallowing, as well as a family history of
thyroid cancer and related syndromes.17 We did
not observe any difference between gender and
malignancy in the thyroid nodules as in the recent
study by Hegedüs et al.18 None of the cases were
less than 20 years of age. A comparison of patients
less or equal to 45 years of age with those older
than 45 years showed no significant difference in
the number of benign or malignant nodules, as in
a study by Abu-Ghanem et al. in Israel.19 which
is similar to our survey, evaluated the relationship
between clinical manifestations and sonography
for FNA in terms of malignant risk. They pointed
clinical presentation and sonography findings
could not predict malignant or benign nodules.19
In this study, size greater than 4 cm had a
significant association with thyroid malignancy,
which was similar to other studies in this area.20,21
Recently, Papini et al. conducted a study in Italy
and reported that no significant relationship existed
between larger non-palpable nodules and increased
risk of thyroid malignancy23 similar to another
study. 24 In some studies, higher TSH levels
increased thyroid cancer risk; whereas, there was
not a significant association between malignant
nodules and TSH.25,26 There was a significant
association between negative anti-TPO and thyroid
nodule malignancy; 91.3% malignant nodules
were negative for anti-TPO. This indicated an
association of benign thyroid disease with positive
anti-TPO levels. In the current study, all patients
with thyroid nodules greater than 1 cm underwent
FNA. However, according to the ATA 2015
guidelines, FNA should be performed on patients
who have intermediate and high-risk thyroid
nodules that are 1 cm and more in size. 27
According to ultrasound results in other studies,
the highest specificity for thyroid cancer in the
nodules is the presence of microcalcifications,
hypoechoic appearances in the parenchyma, and
irregular margins.28-30 In the current study, the
Middle East J Cancer 2019; 10(3): 246-253

lowest OR in positive findings was related to
internal vascularity, which supported the results
of a study by Moon HJ et al.31 In the current
study, there was a significant association between
pathology findings and level of suspicion
according to sonography results. Hence, 95.7% of
patients who had features of malignancy according
to their pathology results had intermediate or
high-level suspicions of cancer. Hypoechoic
appearance, microcalcifications, irregular margins,
vascularity, absence of a halo, taller than wide,
positive lymph nodes, and solid composition
according to sonography results were significant
for thyroid nodules associated with malignancy
(Univariate analysis). In addition to assessing the
aggregated ultrasound features, our study predicted
malignancy. We found that absence of halo and
taller than wide had the most pronounced effect
of any of the predictors examined in the course of
this study. The second solitary ultrasound predictor
of malignancy was irregular margins and solid or
predominantly solid composition, which supported
much of the literature.29-32 The absence of halo
facing has been considered in the older literature;
whereas, taller than wide manifestation is known
as a high-risk nodule pattern in the new ATA
criteria.33,34 In this study, different features of
echogenic foci, the radiologist's opinion, and
quality of the ultrasound device might indicate a
lower OR for microcalcifications. Therefore, it is
better to exclude patients with inadequate imaging
from the study. The small sample size is a major
limitation of our analysis because of the low
numbers of malignant cases.

Conclusion

Based on the results of this study, there is an
increasing incidence of thyroid cancer in thyroid
nodules. Despite the small sample size, we have
found a significant association between clinical
and ultrasound findings with FNA of malignant
nodules, especially with the absence of a halo,
taller than wide, the appearance and severity of the
solid composition, and irregular margins. We
recommend more studies to be conducted
according to ATA2015 criteria and enroll larger
251
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sample sizes. These studies should perform FNA
of the thyroid nodules and genetic studies on
malignant nodules, especially in cases that have
positive family history, which could generalize
results of this study to the 2015 American Thyroid
Association Management Guideline.
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