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INTRODUCTION

Ultrasonography is an established method for evaluation of 
tissue echogenicity in cases of suspected thyroid diseases such 
as Hashimoto’s thyroiditis or Graves’ disease and an effective 
tool for detection of focal lesions (1-4). On ultrasound (US), de-

creased echogenicity of thyroid parenchyma is commonly de-
tected; in fact, it has been reported in cases of autoimmune thy-
roid diseases such as Hashimoto’s thyroiditis or Graves’ disease 
(2, 5-7). Many studies have correlated sonographic echogenicity 
of thyroid in patients with Hashimoto’s thyroiditis or Graves’s 
disease with thyroid function test results and thyroid autoim-
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Results: T3, fT4, and TSH levels differed between groups A and B (p < 0.001, p = 
0.001, p < 0.001). TgAb and TPOAb of group B were higher than group A (p = 0.006, p < 
0.001). TPOAb of group He was higher than group Ho (p < 0.001). TSH-rAb and TPOAb 
of group 3 were higher than group 2 (p = 0.017, p < 0.001).
Conclusion: The patients with findings of markedly decreased, heterogeneous echo-
genicity or thyroid enlargement may have abnormal thyroid function and autoanti-
bodies. These may facilitate the physicians’ decision to order tests for thyroid func-
tion and autoimmune activity.
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mune activity (2, 3, 8, 9). However, the relationship between de-
creased thyroid echogenicity and thyroid function test or autoim-
mune activity in the general population has rarely been studied 
(7, 10-12). Vejbjerg et al. (11) reported the association between 
hypoechogenicity or irregular echo pattern on thyroid US and 
thyroid function in the general population. Likewise, Dvoráková 
et al. (12), reported a correlation between echogenicity of the 
thyroid and autoimmune antibodies in a randomly selected pop-
ulation; however, their subject group did not include a large 
number of patients with decreased echogenicity, and the thyroid 
parenchyma size was not considered. To our knowledge, the as-
sociations of decreased echogenicity, heterogeneous echotexture 
and thyroid size with thyroid function and autoimmune activi-
ty, especially in an asymptomatic population, has not previously 
been reported.

The purpose of this study was to evaluate the relationships be-
tween the degree of decreased thyroid echogenicity, heterogene-
ity or size with function and autoimmune activity, in an asymp-
tomatic population.

MATERIALS AND METHODS

This retrospective study was approved by our Institutional 
Review Board, and individual patient consent was waived.

From January 2009 to December 2011, 5611 thyroid US exam-
inations were performed in our institution. The radiologic re-
ports and Picture Archiving and Communication System images 
of thyroid US were retrospectively reviewed. The patients with 
images showing decreased parenchymal echogenicity were se-

lected (n = 1457). Decreased echogenicity was defined when 
more than two-thirds of whole thyroid parenchyma showed 
lower echogenicity than that of the individual patient’s subman-
dibular gland by visual assessment (7). When the echogenicity 
of submandibular gland was abnormal due to sialoadenitis or 
connective tissue disease, the echogenicity of parotid gland was 
considered as a standard. Patients with any focal solid nodule on 
their thyroid US (n = 459), previous treatment with medication 
related to thyroid (n = 195), or symptoms related to thyroid (n = 
126) were excluded. Our study only included asymptomatic pa-
tients. Cases without serum triiodiothyronyne (T3), free-thy-
roxine (fT4), and thyrotropin (TSH) results (n = 134) were also 
excluded. Finally, a total of 543 asymptomatic patients with de-
creased parenchymal echogenicity were included in the study.

Thyroid US was performed using the HDI 5000 or IU 22 
(Philips medical system, Best, the Netherlands) with a 7.5 MHz 
linear probe. Two radiologists with 5 and 15 years of experience 
in thyroid US interpreted the US results in consensus. The pa-
tients were classified into two groups based on the degree of hy-
poechogenicity i.e., group A: patients who were hypoechoic rel-
ative to the submandibular gland, but hyperechoic relative to 
strap muscle (Fig. 1A, B); and group B: patients who were 
isoechoic or hypoechoic relative to strap muscle (Fig. 1C) (7). 
We also divided the patients with decreased echogenicity into 
homogeneous (group Ho) and heterogeneous groups (group 
He) (Fig. 2). Group He was defined when the US showed mul-
tiple scattered small hypoechoic nodules in whole thyroid pa-
renchyma. We then classified the patients into three groups 
based on thyroid size i.e., group 1: patients who had a decreased 

Fig. 1. Ultrasound (US) of group A and group B.
A, B. US of group A shows mild decreased echogenicity (A) of thyroid, which is lower than the echogenicity of submandibular gland (B), but 
higher than that of strap muscle.
C. US of group B shows the decreased echogenicity of thyroid, which is isoechoic to strap muscle.

A B C



179

Ji Yeon Park, et al

jksronline.org J Korean Soc Radiol  2016;75(3):177-184

thyroid size (< 1.2 cm at the thickest anteroposterior diameter); 
group 2: patients whose thyroid was within normal size range 
(1.3–1.8 cm anteroposterior diameter); and group 3: patients 
who had an increased thyroid size (> 1.9 cm at the thickest an-
teroposterior diameter) (Fig. 3). Normal thyroid dimension 
were reported as 13–18 mm anteroposterior diameter in adult 
population (13, 14). Additionally, we reviewed the serum levels 
of T3 (reference value: 0.89–1.68 ng/mL), fT4 (reference value: 
0.88–1.44 ng/dL), TSH (reference value: 0.35–5.50 uIU/mL), 
anti-thyroglobulin antibody (TgAb) (reference value: ~40 IU/
mL), thyroid peroxidase antibody (TPOAb) (reference value: 
~35 IU/mL), and anti-TSH receptor antibody (TSH-rAb) (ref-
erence value: ~1.75 IU/L). T3, fT4, and TSH levels within the 
reference value were classified as normal, higher than upper 
limit of reference value were classified as elevated level, and 

lower than lower limit of reference value were classified as low. 
TgAb, TPOAb, TSH-rAb levels within the reference value were 
defined as negative, and higher than reference were defined as 
positive.

The comparisons of the thyroid function test and anti-thyroid 
antibody levels among the groups were analyzed using the Pear-
son chi-square test. The statistical significance threshold value 
was considered as p < 0.05.

RESULTS

The 543 patients included 133 men and 410 women with a 
median age of 42 years (range: 9–82 years). The number of pa-
tients in group A was 448 (82.5%) and in group B, 95 (17.5%). 
Homogeneous decreased echotexture (group Ho) was observed 

Fig. 3. Ultrasound (US) of group 1, 2, and 3.
A. US of group 1 shows decreased size of thyroid.
B. US of group 2 shows normal size of thyroid.
C. US of group 3 shows increased size of thyroid.

A B C

Fig. 2. Ultrasound (US) of group Ho and group He.
A. US of group Ho shows homogeneous decreased echogenicity of thyroid. 
B. US of group He shows multiple scattered tiny hypoechoic nodules in whole thyroid.

A B
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in 109 patients (20.1%) and heterogeneous echotexture (group 
He), in 434 patients (79.9%). Nineteen patients (3.5%) had a de-
creased thyroid size (group 1), 184 patients (33.9%) had size with-
in the normal range (group 2), and 340 patients (62.6%) had an 
enlarged thyroid (group 3).

The characteristics of the patients were listed in Tables 1, 2.
T3, fT4, and TSH levels differed significantly between groups 

A and B (p < 0.001, p = 0.001, p < 0.001). In group B, T3 was low 
in 14.7%, elevated in 32.6% of the patients and fT4 was low in 
17.9%, elevated in 36.8%; while TSH was low in 37.9%, and ele-
vated in 26.3% of the patients. In group A, T3 was low in 23.7% 
and elevated in 15.8% of the patients; fT4 was low in 10.9% and 
elevated in 23.0%; while TSH was low in 23.7% and elevated in 
15.2% of the patients. TSH-rAb levels did not differ between 
groups A and B (p = 0.65). TgAb and TPOAb levels in group B 
showed significant positivity, as compared with those in group 
A (p = 0.006, p < 0.001). Fifty-nine percent of group B showed a 
positive TgAb, and 67.6% showed positive TPOAb. On the other 
hand, 34.8% and 34.9% of group A showed positive TgAb and 
TPOAb (Table 3).

T3, fT4, TSH, TgAb, and TSH-rAb levels were not significantly 
different between groups He and Ho, though TPOAb level was 
significantly positive in group He (p < 0.001). 48.5 % of group He 
and 19.4% of group Ho showed positive TPOAb (Table 4).

Among groups 1, 2, and 3, the T3, fT4, and TSH levels were 
significantly different (p < 0.001), especially between groups 2 
and 3. T3, fT4, and TSH levels were normal in 60.9%, 73.9%, 
and 70.7% of group 2, respectively; and in 58.2%, 56.2%, and 
49.4% of group 3, respectively. In group 2, T3 was low in 33.2% 
and elevated in 6.0%; by contrast, in group 3, T3 was low in 
15.3% and elevated in as many as 26.5%. In group 2, fT4 was el-
evated in 14.7%, but in group 3, it was elevated in 32.4%. In 
group 2, TSH was low in 12.0% of patients, but in group 3, it 
was low in 34.1%. TSH-rAb and TPOAb showed significant 
positivity in group 3 relative to group 2 (p < 0.001, p = 0.017); 
whereas, the TgAb level was not significantly different among 
groups 1, 2, and 3 (p = 0.084) (Table 5).

DISCUSSION

Diffusely decreased echogenicity of the thyroid parenchyma 
is a well known sonographic finding in autoimmune thyroid 

Table 1. Epidemiologic and Sonographic Characteristics of 543 Pa-
tients with Decreased Echogenicity

Gender (M:F) 133:410

Age (median) 42 (range: 9–82 years)

Decreased echogenicity

Group A 448 (82.5%)

Group B 95 (17.5%)

Homogeneity/heterogeneity

Group Ho 109 (20.1%)

Group He 434 (79.9%)

Size of thyroid

Group 1 19 (3.5%)

Group 2 184 (33.9%)

Group 3 340 (62.6%)

Group A: patients with lower echogenicity than that of submandibular 
gland, but higher than that of strap muscle, Group B: patients with isoecho-
ic or lower echogenicity than that of strap muscle, Group Ho: patients with 
homogeneous decreased echogenicity of thyroid, Group He: patients with 
multiple scattered small hypoechoic nodules in whole thyroid parenchyma, 
Group 1: decreased size, Group 2: normal size, Group 3: increased size

Table 2. Thyroid Function and Autoimmune Activity of 543 Patients 
with Decreased Echogenicity

T3

Low 120 (22.1%)

Normal 321 (59.1%)

Elevated 102 (18.8%)

fT4

Low 66 (12.2%)

Normal 339 (62.4%)

Elevated 138 (25.4%)

TSH

Low 142 (26.2%)

Normal 308 (56.7%)

Elevated 93 (17.1%)

TgAb 200

Negative 121 (60.5%)

Positive 79 (39.5%)

TSH-rAb 176

Negative 113 (64.2%)

Positive 63 (35.8%)

TPOAb 306

Negative 177 (57.8%)

Positive 129 (42.2%)

Reference value: T3 (0.89–1.68 ng/mL), free T4 (0.88–1.44 ng/dL), TSH (0.35–
5.50 uIU/mL), TgAb (~40 IU/mL), TPOAb (~35 IU/mL), TSH-rAb (~1.75 IU/L).
fT4 = free-thyroxine, TgAb = anti-thyroglobulin antibody, TPOAb = thyroid 
peroxidase antibody, TSH = thyrotropin, TSH-rAb = anti-TSH receptor anti-
body, T3 = triiodiothyronyne
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disease such as Hashimoto’s thyroiditis and Graves’ disease (4, 5, 
8, 15). Hypoechogenicity is caused by reduction of colloid con-
tent, increased intrathyroidal blood flow or lymphocytic tissue 
infiltration (8). Many studies have focused on the relationship 
of laboratory parameters to thyroid echogenicity in patients 
with Hashimoto’s thyroiditis or Graves’ disease (2, 3, 8, 9). Schie-
mann et al. (3) noted that decreased echogenicity was correlat-
ed with TSH and TSH-rAb levels in patients with Graves’ disease; 
and Schiemann et al. (8) reported that high-grade hypoecho-
genicity was associated with increased TSH levels and highly 
elevated TPOAb in patients with Hashimoto’s thyroiditis. How-
ever, these findings pertain only to specific conditions such as 
Hashimoto’s thyroiditis or Graves’ disease. More notably, Vejb-
jerg et al. (11) demonstrated an association between reduced 
echogenicity and/or irregular echo pattern and high values of 

TSH and TgAb/TPOAb positivity in the general population. 
Moreover, in a randomly selected population, Dvoráková et al. 
(12), reported highly significant relationship between decreased 
echogenicity and TgAb/TPOAb. In the present study on as-
ymptomatic population, cases with decreased thyroid echo-
genicity showed significantly positive TgAb and TPOAb; and 
significant TPOAb positivity was observed in patients with het-
erogeneous decreased echogenicity. The patients with enlarged 
thyroid showed significantly elevated levels of TSH-rAb and 
TPOAb. Additionally, T3, fT4, and TSH levels in the group 
with more severe decreased echogenicity were significantly ab-
normal (either decrease or increase) relative to those with mild 
decreased echogenicity. T3 were abnormal in 47.4% of the 
more decreased echogenicity group and in 39.5% of mild de-
creased echogenicity group. The fT4 and TSH levels were ab-

Table 3. Comparison of Thyroid Function Test or Thyroid Autoanti-
bodies between Mildly Decreased Echogenicity (Group A) and Mark-
edly Decreased Echogenicity (Group B)

Group A Group B p-Value*
T3 < 0.001

Low 106 (23.7%) 14 (14.7%)
Normal 271 (60.5%) 50 (52.6%)
Elevated 71 (15.8%) 31 (32.6%)

fT4 0.001
Low 49 (10.9%) 17 (17.9%)
Normal 296 (66.1%) 43 (45.3%)
Elevated 103 (23.0%) 35 (36.8%)

TSH < 0.001
Low 106 (23.7%) 36 (37.9%)
Normal 274 (61.2%) 34 (35.8%)
Elevated 68 (15.2%) 25 (26.3%)

TPOAb < 0.001
(-) 155 (65.1%) 22 (32.4%)
(+) 83 (34.9%) 46 (67.6%)

TgAb 0.006
(-) 105 (65.2%) 16 (41%)
(+) 56 (34.8%) 23 (59%)

TSH-rAb 0.650
(-) 86 (65.2%) 27 (61.4%)
(+) 46 (34.8%) 17 (38.6%)

Group A: patients with lower echogenicity than that of submandibular 
gland, but higher than that of strap muscle, Group B: patients with isoecho-
ic or lower echogenicity than that of strap muscle.
*Pearson chi-square test was used.
fT4 = free-thyroxine, TgAb = anti-thyroglobulin antibody, TPOAb = thyroid 
peroxidase antibody, TSH = thyrotropin, TSH-rAb = anti-TSH receptor anti-
body, T3 = triiodiothyronyne

Table 4. Comparison of Thyroid Function Test or Thyroid Autoanti-
bodies between Homogeneous (Group Ho) and Heterogeneous Group 
(Group He)

Group Ho Group He p-Value*
T3 0.635

Low 25 (22.9%) 95 (21.9%)
Normal 67 (61.5%) 254 (58.5%)
Elevated 17 (15.6%) 85 (19.6%)

fT4 0.137
Low 11 (10.1%) 55 (12.7%)
Normal 77 (70.6%) 262 (60.3%)
Elevated 21 (19.3%) 117 (27%)

TSH 0.278
Low 23 (21.1%) 119 (27.4%)
Normal 69 (63.3%) 239 (55.1%)
Elevated 17 (15.6%) 76 (17.5%)

TPOAb < 0.001
(-) 54 (80.6%) 123 (51.5%) 
(+) 13 (19.4%) 116 (48.5%)

TgAb 0.119
(-) 33 (70.2%) 88 (57.5%)
(+) 14 (29.8%) 65 (42.5%)

TSH-rAb 0.159
(-) 24 (75%) 89 (61.8%)
(+) 8 (25%) 55 (38.2%)

Group Ho: patients with homogeneous decreased echogenicity of thyroid, 
Group He: patients with multiple scattered small hypoechoic nodules in 
whole thyroid parenchyma.
*Pearson chi-square test was used.
fT4 = free-thyroxine, TgAb = anti-thyroglobulin antibody, TPOAb = thyroid 
peroxidase antibody, TSH = thyrotropin, TSH-rAb = anti-TSH receptor anti-
body, T3 = triiodiothyronyne
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normal in 54.7% and 64.2%, respectively, of the more decreased 
echogenicity group. These results differed from Vejbjerg et al.’s 
(11), possibly due to a difference in the analysis of T3, T4, and 
TSH levels. We divided the T3, T4, and TSH levels into low, 
normal and elevated groups, whereas Vejbjerg et al. used the 
mean serum TSH level. The difference might also have been 
caused by our inclusion of questionable Graves’ disease and 
Hashimoto’s thyroiditis, which could have shown decreased 
echogenicity on thyroid US. In our study, 59% and 67.6% of the 
patients with severe decreased echogenicity showed positive 
levels of TgAb and TPOAb. Of the patients with heterogeneous 
decreased echogenecity, 48.5% showed TPOAb positivity, very 
similar to the result of Vejbjerg et al. (48.5%). Additionally, in 
our study, patients with decreased echogenicity and thyroid en-
largement showed significantly increased levels of TPOAb and 
TSH-rAb.

The key to the diagnosis of autoimmune thyroid disease is de-
tection of elevated anti-thyroid antibody titers, which include 

TgAb, TPOAb, and TSH-rAb (16, 17). Ultrasonography, while 
not a diagnostic method for autoimmune thyroid disease, is 
nonetheless helpful for evaluation of thyroid echogenicity. Con-
sidering our results, each US findings of markedly decreased, 
heterogeneous echogenicity and thyroid enlargement in an as-
ymptomatic population can be helpful for predicting autoim-
mune thyroid disease. In such cases, an asymptomatic population 
might also show abnormal T3, fT4, and TSH levels, as compared 
to mild decreased echogenigity, homogeneous echogenicity or 
normal thyroid size. Therefore, when an asymptomatic popula-
tion shows markedly decreased echogenicity or heterogeneous 
decreased echogenicity or decreased echogenicity with thyroid 
enlargement, the possibility of autoimmune thyroid disease can 
be predicted, and further evaluation such as thyroid function test 
and anti-thyroid antibody test can be recommended.

Our study has several limitations. First, it was a retrospective 
analysis, hence, a more controlled and prospective trial is need-
ed to determine the exact significance of thyroid US in the pre-

Table 5. Comparison of Thyroid Function Test or Thyroid Autoantibodies among Decreased (Group 1), Normal (Group 2), and Increased Size 
of Thyroid (Group 3)

Group 1 Group 2 Group 3 p-Value* 1 vs. 2* 1 vs. 3* 2 vs. 3*
T3 < 0.001 0.946 0.016 < 0.001

Low 7 (36.8%) 61 (33.2%) 52 (15.3%)
Normal 11 (57.9%) 112 (60.9%) 198 (58.2%)
Elevated 1 (5.3%) 11 (6.0%) 90 (26.5%)

fT4 < 0.001 0.036 0.006 < 0.001
Low 6 (31.6%) 21 (11.4%) 39 (11.5%)
Normal 12 (63.2%) 136 (73.9%) 191 (56.2%)
Elevated 1 (5.3%) 27 (14.7%) 110 (32.4%)

TSH < 0.001 0.262 0.371 < 0.001
Low 4 (21.1%) 22 (12.0%) 116 (34.1%)
Normal 10 (52.6%) 130 (70.7%) 168 (49.4%)
Elevated 5 (26.3%) 32 (17.4%) 56 (16.5%)

TPOAb 0.002 0.632 0.290 < 0.001
(-) 8 (66.7%) 63 (73.3%) 106 (51%)
(+) 4 (33.3%) 23 (26.7%) 102 (49%)

TgAb 0.215 0.711 0.304 0.127
(-) 6 (75%) 37 (68.5%) 78 (56.5%)  
(+) 2 (25%) 17 (31.5%) 60 (43.5%)

TSH-rAb 0.025 0.399 0.153 0.017
(-) 3 (100%) 29 (80.6%) 81 (59.1%) 
(+) 0 (0%) 7 (19.4%)  56 (40.9%)

Group 1: decreased size, Group 2: normal size, Group 3: increased size.
*Pearson chi-square test was used.
fT4 = free-thyroxine, TgAb = anti-thyroglobulin antibody, TPOAb = thyroid peroxidase antibody, TSH = thyrotropin, TSH-rAb = anti-TSH receptor antibody, 
T3 = triiodiothyronyne
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diction of autoimmune thyroid disease. Second, since the gray 
scale score was not used in measuring sonographic echogenici-
ty, this study cannot be considered as objective. However, our 
experts reached a consensus on echogenicity (degree of de-
creased echogenicity and heterogenicity) and thyroid size mea-
surement results. Studies employing a more standardized gray 
scale are needed. Third, ultrasonographic thyroid volume was 
not measured objectively due to the retrospective nature of the 
study. In most adults, the thyroid measures between 1.3 and 1.8 
cm at the thickest anteroposterior dimension. The thyroid 
gland with an anteroposterior diameter of > 2 cm is considered 
as enlarged (13, 14). Fourth, because the population of this study 
was asymptomatic, it was heterogeneous including cases of 
both Hashimoto’s thyroiditis and Graves’ disease. Correspond-
ingly, the serum levels of T3, fT4, and TSH showed no signifi-
cant linear correlation, and therefore, statistical interpretation 
was very difficult. Because T3, fT4, and TSH levels were highly 
variable, ranging from extremely low to extremely high, we con-
cluded that comparison of the median values among the groups 
would not be effective. Fifth, we did not compare the patients 
showing decreased echogenicity with those showing normal 
echogenicity. Many papers have already reported that patients 
with decreased echogenicity manifested significantly different 
thyroid function and autoimmune activity from those of patients 
with normal echogenicity (11, 12). Therefore, we focused on pa-
tients with varying degrees of decreased echogenicity.

The role of thyroid US in asymptomatic population is uncer-
tain. However, the widespread use of US may lead to increased 
detection of decreased echogenicity on thyroid US. In conclu-
sion, although they had no symptom related to the thyroid, the 
patients with each sonographic findings of markedly decreased, 
heterogeneous echogenicity or thyroid enlargement may have 
abnormal thyroid function test and autoimmune activity. These 
findings may facilitate the physicians’ decision to order tests for 
thyroid function and autoimmune activity.
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무증상 집단에서 갑상선 실질의 초음파 에코 감소:  
갑상선 기능 및 갑상선 자가면역 활성도와의 연관성

박지연1,2 · 박노혁1* · 박찬섭1 · 이지예1 · 천경아2,3 · 이성윤4 · 박희진5

목적: 무증상인 갑상선 초음파에서 갑상선 에코 감소와 갑상선 호르몬 및 자가항체 간의 연관성을 평가하였다.

대상과 방법: 2009년 1월부터 2011년 12월까지의 초음파상 갑상선 에코가 감소된 543명의 환자를 후향적으로 분석하였

다. 에코 감소의 정도와, 불균일성, 갑상선 크기를 기준으로 여러 군으로 나누었다. 1) A군: 약간 감소된 에코, B군: 현저

히 감소된 에코, 2) Ho군: 균일 에코, He군: 불균일 에코, 3) 1군: 크기 감소, 2군: 정상, 3군: 크기 증가. 각 군 사이의 

triiodiothyronyne (이하 T3), 유리 thyroxine (이하 T4), 갑상선자극호르몬(thyrotropin; 이하 TSH), 갑상선글로불린 항

체(anti-thyroglobulin antibody; 이하 TgAb), 갑상선 과산화효소 항체(thyroid peroxidase antibody; 이하 TPOAb), 갑상

선자극호르몬 수용체 항체(anti-TSH receptor antibody; 이하 TSH-rAb)의 혈청수치를 비교 평가하였다.

결과: A군과 B군 사이 T3, 유리 T4, TSH 수치가 달랐다(p ＜ 0.001, p = 0.001, p ＜ 0.001). B군의 TgAb, TPOAb 수치

가 A군보다 높았다(p = 0.006, p ＜ 0.001). He군의 TPOAb 수치가 Ho군보다 높았다(p ＜ 0.001). 3군의 TSH-rAb, 

TPOAb 수치가 2군보다 높았다(p = 0.017, p ＜ 0.001).

결론: 갑상선의 현저한 에코 감소, 불균일 에코, 또는 크기 증가가 있는 경우 갑상선 기능 및 자가면역항체의 이상 소견을 

가질 가능성이 있다. 따라서 이러한 초음파 소견이 있을 때 갑상선 기능 및 자가면역항체 검사를 시행해보기를 추천해 볼 

수 있겠다. 
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