
© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2015;5(4):569-574www.amepc.org/qims

Introduction

Abnormalities of the thyroid function and its structure are 
commonly seen and many factors like environmental factors 
and genetics, age, sex may influence these abnormalities (1).  
US has been used for a long time in the diagnosis and 
follow-up of thyroid diseases (2). US is an ideal imaging 
modality in the evaluation of thyroid gland as an easy to 
perform, non-expensive, non-invasive method free from 
ionized radiation. It is not only used in nodular thyroid 
diseases, but in the detection of autoimmune thyroid 
diseases (AITD), as well (3,4). 

In AITD, decrease in thyroid echogenicity due to 
lymphocyte infiltration and the disruption of normal tissue 
structure occurs and the presence of decreased echogenicity 

in US may assist in the early diagnosis of AITD (2,5-7).
Kim et al., reported that real time US is helpful in the 

differentiation of diffuse thyroid disease from normal 
thyroid parenchyma (8). 

The relationship between decreased echogenicity or, 
irregular echo pattern in US with thyroid dysfunction 
is well known (9). However, data showing correlation 
of normal US with thyroid tests is limited. In our study, 
we have excluded nodular thyroid diseases and aimed to 
compare parenchyma echogenicity of thyroid gland with 
the laboratory parameters.

Methods 

The patients were selected consecutively among the 

Original Article

Correlation of normal thyroid ultrasonography with thyroid tests

Abbas Ali Tam1, Cafer Kaya1, Rıfkı Üçler1, Ahmet Dirikoç1, Reyhan Ersoy2, Bekir Çakır2

1Department of Endocrinology and Metabolism, Ataturk Training and Research Hospital, Ankara, Turkey; 2Department of Endocrinology and 

Metabolism, Yıldırım Beyazıt University, Ankara, Turkey 

Correspondence to: Abbas Ali Tam. Department of Endocrinology and Metabolism, 06800 Bilkent, Ataturk Training and Research Hospital, Ankara, 

Turkey. Email: endoali@hotmail.com.

Background: Thyroid disorders are frequently seen in the community. Thyroid ultrasonography (US) is 
commonly used in the diagnosis of thyroid diseases. The relationship between heterogeneous echogenicity 
of thyroid gland and thyroid tests are well known.
Methods: The aim of this study is to evaluate the correlation of normal US with the thyroid tests. A total 
of 681 individuals were enrolled in the study. Individuals were separated into two groups as normal (group 
1) and hypoechoic (group 2) according to the echogenicity in US. Subjects with nodular thyroid lesions 
were excluded from the study. Thyroid stimulating hormone (TSH), free T4 (fT4), thyroid peroxidase 
antibody (TPOAb) and anti-thyroglobulin antibody (TgAb) values were recorded in both groups and thyroid 
stimulating hormone receptor antibody (TRAb) was recorded in individuals with low TSH.
Results: 86.1% of individuals in group 1 had normal TSH, 93.7% had normal thyroid antibodies and 
in 77.6% of individuals, all thyroid tests performed were normal. In the 6.9% of the group 2, all reviewed 
thyroid tests were normal (P<0.001).
Conclusions: Our study shows that US is correlated with normal thyroid function tests and is a valuable 
tool in the prediction of normal thyroid function.

Keywords: Thyroid ultrasonography; normal thyroid tests; autoimmune thyroid disease (AITD); thyroid 

antibodies

Submitted Mar 05, 2015. Accepted for publication Jul 28, 2015.

doi: 10.3978/j.issn.2223-4292.2015.08.06

View this article at: http://dx.doi.org/10.3978/j.issn.2223-4292.2015.08.06



570 Tam et al. Thyroid ultrasonography and thyroid tests

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2015;5(4):569-574www.amepc.org/qims

patients who were directed to our hospital for thyroid 
evaluation regardless of the US examination carried out in  
other hospitals and who were for the first time subjected to 
US in our hospital. A total of 681 subjects (552 females, 129 
males) were included in the study. Subjects (i) with known 
thyroid diseases and on related medication, (ii) with thyroid 
nodules, (iii) undergone thyroid surgery, (iv) received 
radiotherapy at the head-neck region, (v) undergone 
radioactive iodine therapy and, (vi) pregnant women were 
excluded from the study. Subjects were separated into two 
groups as US normal (group 1) and hypoechoic (group 2)  
according to US echogenicity. Thyroid stimulating 
hormone (TSH), free T4 (fT4), thyroid peroxidase antibody 
(TPOAb), anti-thyroglobulin antibody (TgAb) values of all 

subjects and thyroid stimulating hormone receptor antibody 
(TRAb) results of subjects with low TSH were recorded. 
US examinations were performed with two endocrinologists 
who have been performing more than 1,000 USs per month 
(AAT, CK). Intra and inter-observer disagreement was less 
than 5% in evaluation of the thyroid hypoechogenicity.

Hypoechogenicity was examined within both thyroid 
lobes. Hypoechogenicity was revealed by comparison 
of thyroid parenchyma with the echo distribution of 
surrounding neck muscles. Echogenicity was categorized in 
three groups: (I) mild (n=119); (II) moderate (n=139); (III) 
marked (n=120). US was performed with 12-MHz linear 
probe (Hitachi EUB 7,000 HV). Blood samples following 
overnight fasting were collected for thyroid tests. TSH: 
(0.27-4.2 µ IU/mL) (Roche Cobas Elecsys 601), fT4: (0.9-
1.7 ng/dL), TgAb (0-40 IU/mL), TPOAb: (0-35 IU/mL) 
were measured by immunochemiluminescence assay and 
TRAb (0-14 µ/L) by RIA (Radioimmunoassay) (Zentech 
Ref. no:R-CT100).

Data obtained from the study was evaluated in SPSS 15.0 
statistics package program. Quantitative data were given as 
average, standard deviation, lowest and highest values, and 
qualitative values were given as numbers and percentages. 
Student’s t test was used in the comparison of the means; 
chi-square test was used in the evaluation of categorical data. 
Kruskal Wallis test was applied for comparisons of medians 
among more than two independent groups. Degrees of 
association between continuous variables were evaluated by 
Spearman’s Rank Correlation analyses. Categorical data were 
analyzed by Pearson’s chi-square or Fisher’s exact test, where 
applicable. Values at the level of P<0.05 were considered 
to be statistically significant in the analyses. However, all 
possible multiple comparisons, the Bonferroni Correction 
was applied for controlling Type I error.

Results

Group 1 involved 303 subjects, 239 (78.9%) females and 64 
(21.1%) males; mean age was 33.5±11.9 (range, 18-66) years. 
In 86.1% (261/303) of group 1 subjects TSH was normal, and 
fT4 was normal in 96% (291/303). Among 42 TSH altered 
subjects, 40 (13.2%) had elevated TSH while remaining  
2 (0.7%) had low TSH values. Among 12 fT4 altered 
subjects, 5 (1.7%) had elevated fT4 while remaining 7 (2.3 %) 
had low fT4 values. Nineteen (6.3%) out of 20 subjects with 
positive thyroid antibodies had TgAb positivity, 10 (3.3%) 
had TPOAb and 9 (2.9%) had both TgAb and TPOAb 
positivity. Thyroid antibodies were negative in 93.7% of the 

Table 1 Characteristics of subjects with normal US

Characteristics n=303 (%)

Age (yr) 33.5±11.9 [18-66]

Sex 

Female 239 (78.9)

Male 64 (21.1)

TSH

Low 2 (0.7)

Normal 261 (86.1)

Elevated 40 (13.2)

fT4 

Low 7 (2.3)

Normal 291 (96.0)

Elevated 5 (1.7)

TgAb 

Positive 19 (6.3)

Negative 284 (93.7)

TPOAb 

Positive 10 (3.3)

Negative 293 (96.7)

Both TPOAb and TgAb positivity

Positive 9 (2.9)

TRAb 

Positive 1 (50.0)

Negative 1 (50.0)

Age is specified as mean ± SD. TSH, thyroid stimulating 

hormone; fT4, free T4; TgAb, anti-thyroglobulin antibody; 

TPOAb, thyroid peroxidase antibody; TRAb, thyroid stimulating  

hormone receptor antibody.
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group. TRAb was checked in two subjects with low TSH 
and one of them was found to be positive (Table 1). One 
subject has overt hyperthyroidism, two subjects had overt 

hypothyroidism. All thyroid tests were normal in 77.6% of 
the subjects in group 1.

Group 2 involved 378 subjects; 313 (82.8%) females 
and 65 (17.2%) males; mean age was 37.8±12.7 (range, 
18-68) years.

 Among group 2 subjects, 63.8% (241/378) showed 
altered TSH and 16.9% (64/378) showed altered fT4 
values. Eleven had elevated fT4 (2.9%) while 53 (14%) 
had low TSH. 77.2% of the patients had TgAb and 77.2% 
(292/378) had TPOAb positivity; in 263 (69.5%) subjects 
both TgAb and were TPOAb positive. TRAb was positive 
in 10 out of 24 subjects with low TSH who are tested for 
TRAb. In this group, in 84.9% of the subjects at least one 
thyroid antibody was positive. 137 had normal TSH (36.2%) 
while 217 (57.4%) had elevated TSH and 24 (6.3%) had 
low TSH (Table 2). All thyroid tests were normal in 6.9% 
of the group 2. Nine subjects have overt hyperthyroidism, 
49 subjects had overt hypothyroidism. Individuals were 
evaluated in three categories depending on their degree 
of hypoechogenicity as mild, moderate and marked. The 
more the degree of heterogenecity increased, the more anti-
thyroglobulin (Anti Tg) and thyroid peroxidase (Anti TPO) 
level increased to be statistically significant (respectively 
r=0.211, r=0.337 and P<0.001) (Table 3). Moreover, while 
the heterogenecity increased in those with heterogeneous 
US and hyphothyroidism, TSH levels increased as well 
(r=0.339 and P<0.001).

There was no significant difference based on the 
Bonferroni correction with regards to median TSH and 
ST4 levels among the subgroups with Anti Tg negative 
and Anti Tg positive in group 1 (respectively P=0.992 and 
P=0.041). There was also no significant difference with 
regards to TSH and ST4 levels among the subgroups with 
Anti TPO negative and Anti TPO positive (respectively 
P=0.940 and P=0.100).

Table 2 Characteristics of subjects with hypoechoic US 

Characteristics n=378 (%)

Age (yr) 37.8±12.7 [18-68]

Sex

Female 313 (82.8)

Male 65 (17.2)

TSH

Low 24 (6.3)

Normal 137 (36.2)

Elevated 217 (57.4)

fT4

Low 53 (14)

Normal 314 (83.1)

Elevated 11 (2.9)

TgAb

Positive 292 (77.2)

Negative 86 (22.8)

TPOAb

Positive 292 (77.2)

Negative 86 (22.8)

Both TPOAb and TgAb positivity

Positive 263 (69.5)

TRAb

Positive 10 (41.7)

Negative 14 (58.3)

Age is specified as mean ± SD. TSH, thyroid stimulating 

hormone; fT4, free T4; TgAb, anti-thyroglobulin antibody; 

TPOAb, thyroid peroxidase antibody; TRAb, thyroid stimulating  

hormone receptor antibody.

Table 3 Anti Tg, Anti TPO levels and Anti Tg, Anti TPO positiveness of patients with hypoechoic US based on the degree of 
hypoechogenicity

Mild (n=119) Moderate (n=139) Marked (n=120) P

Anti Tg level 103.4 (2.4-1,693)a,b 168.9 (5-4,000)a 215.1 (3.9-4,000)b <0.001†

Anti Tg positivity 81 (68.1%)a,b 111 (79.9%)a 100 (83.3%)b 0.012‡

Anti TPO level 52 (0.3-662)a,b 180.2 (4.9-1,300)a 228.1 (0.6-1,300)b <0.001†

Anti TPO positivity 76 (63.9%)a,b 113 (81.3%)a 103 (85.8%)b <0.001‡

†, Kruskal Wallis test; ‡, Pearson’s chi-square test; a, the difference between mild group and moderate group is statistically significant  

(P<0.05); b, the difference between mild group and marked group is statistically significant (P<0.01). Anti Tg, anti-thyroglobulin; Anti 

TPO, thyroid peroxidase.
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While there was no statistically significant difference 
based on the Bonferroni correction with regards to median 
TSH and ST4 levels among the subgroups with Anti Tg 
negative and Anti Tg positive in group 2 (respectively 
P=0.368 and P=0.044), the TSH level of the Anti TPO 
positive group had a higher statistical significance and 
median ST4 level had a lower statistical significance 
compared to Anti TPO negative group (respectively 
P<0.001 and P=0.012).

Among the cases with low level of TSH, median TSH 
levels were statistically similar between group 1 and group 
2 (P=0.812). Among the cases with high level of TSH on 
the other hand, median TSH level of group 2 had a higher 
statistical significance compared to group 1 (P<0.001).

There was a significant difference in group 2 compared 
to group 1 in terms of thyroid antibody-positivity (P<0.001).

When both groups were compared, while correlation of 
normal US with normal thyroid tests was 77.6% in group 
1 and  it was 6.9% in group 2 (P<0.001). In addition, mean 
age was significantly higher in the group 2 (P<0.001)  
(Table 4).

Discussion

US is a valuable tool in the diagnosis of thyroid diseases 
(2,10). With US, it is possible to detect abnormalities in the 
thyroid echo structure like thyroid hypoechogenicity (11).  

Ultrasonographic tissue echogenicity of the thyroid gland 
depends on the cellularity and vascularization of the  
organ (12). In a study performed with histologically 
confirmed, however untreated 53 Hashimoto thyroiditis 
patients, thyroid hypoechogenicity was reported to be 
associated with severe follicular degeneration and the 
disappearance of thyroid follicles (13). Reduced low 
thyroid echo levels are related to functional disorders like 
hyperthyroidism or hypothyroidism (12). 

When AITD is present with thyroid dysfunction 
symptoms, it can easily be diagnosed with thyroid hormone 
levels and with the measurement of thyroid antibodies. 
In addition, if the symptoms are absent or non-specific 
and thyroid antibodies are negative, the disease may 
remain undiagnosed (14). In addition, thyroid antibodies 
might be present in normal euthyroid individuals (15). In 
NHANES III study, 11.3% and 10.4% of subjects without 
known thyroid disease were TPOAb and Anti Tg positive, 
respectively (16). Hypoechogenicity is an early finding 
of thyroid autoimmunity and might be seen before the 
detection of TPOAb (5). In this context, US is quite a 
convenient tool in the management of these patients.

Nordmeyer et al. reported in their prospective study that 
autoimmune thyroiditis can be excluded with a ratio of 84% 
with the use of sonography alone (3).

The relationship between pathological  US and 
thyroid tests is well known, however there are few studies 
establishing the relationship between normal US and 
thyroid tests.

Trimboli et al., reported that US had a sensitivity of 
90% in the prediction of normal TSH and negative thyroid 
antibodies and has a sensitivity of 81% in the prediction of 
normal thyroid tests. In this study, 78.4% of the patients 
with pathological US had elevated TSH while 76.3% 
were thyroid antibody positive. 9.5% of the patients with 
pathological US had normal thyroid tests (17). In another 
study by the same authors with a smaller sample size, 
normal US was shown to predict normal TSH and negative 
thyroid autoantibodies with a sensitivity of 85% and 90%, 
respectively (18).

Vejbjerg et al. found positive TPOAb in 9.6% and 
positive TPOAb in 11% of subjects (n=2,851) without 
thyroid disease and thyroid nodules in US with normal 
echogenicity. They demonstrated the correlation between 
reduced echogenicity and elevated TSH values in their 
studies, despite thyroid hormones in the serum were within 
the reference range (19).

In their study evaluating the value of US in the 

Table 4 Comparison of subjects with normal and hypoechoic US 
patterns in respect to age, sex, TSH status and thyroid antibody 
positivity

US
P

Normal Hypoechoic

Age (yr) 33.5±11.9 [18-66] 37.8±12.7 [18-68] <0.001

Sex, n (%) 0.19

Female 239 (78.9) 313 (82.2)

Male 64 (21.1) 65(17.2)

TSH, n (%) <0.001

Low 2 (0.7) 24 (6.3)

Normal 261 (86.1) 137 (36.2)

Elevated 40 (13.2) 217 (57.4)

Positive thyroid 

antibody, n (%)

20 (6.6) 321 (84.9)
<0.001

Age is specified as mean ± SD. TSH, thyroid stimulating 

hormone.
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prediction of AITD, Pedersen et al., found elevated TSH, 
low TSH and positive TPOAb in 64.4%, 17.6% and 66.8% 
of the patients with reduced thyroid echogenicity in US, 
respectively. They also found positive TPOAb, elevated 
TSH and low TSH in 10.2%, 2% and 7% of the patients 
with normal US, respectively (14).

In our study, TSH was normal in 86.1% of the subjects 
with normal US and thyroid antibodies were negative 
in 93.4%. All thyroid tests were normal in 77.6% of the 
subjects. In the heterogeneous US group, all thyroid 
tests were normal in 6.9% of the individuals. Normal US 
was significantly correlated with normal thyroid tests. 
A significant difference was observed between the US 
homogeneous group and heterogeneous group with regards 
to thyroid laboratory tests. The combination of normal US 
with serum TSH will provide substantial information about 
the thyroid function.

 Abnormal thyroid gland pattern on US is not only a 
diagnostic predictor in the diagnosis of asymptomatic diffuse 
thyroid disease, but it can also be a good diagnostic predictor 
in the progression from subclinic to overt hypothyroidism 
(20,21). Rosário et al. followed-up 117 patients with subclinic 
hypothyroidism for 3 years. They reported that progression 
to overt hypothyroidism in patients with positive TPOAb 
and/or heterogeneous US was higher compared patients 
with normal US and negative TPOAb (31.2% and 9.5%, 
respectively), and also TSH normalization ratio was lower 
(15.6% and 43%, respectively) (22).

Development of hypothyroidism in patients with thyroid 
autoimmunity is closely related with the extent of thyroid 
hypoechogenicity. In our study, TSH levels increased with 
the increase of degree of heterogenecity in the individuals 
with heterogeneous US and hypothyroidism available. 
Moreover, while the degree of heterogenecity increased 
in US, Anti TG and Anti TPO level also significantly 
increased. Mazziotti et al. reported that hypothyroidism 
occurred when at least 48.3% of the thyroid parenchyma 
was hypoechogenic in Hashimoto thyroidit is  and 
hypothyroidism did not develop when at least 38% of 
the thyroid gland was hyperechogenic. In addition, they 
detected hypothyroidism in all patients with more than 68% 
hypoechogenic thyroid parenchyma (10).

In conclusion, our study also indicates that US is beneficial 
in predicting the normal thyroid tests as well as determining 
the autoimmune thyroid disease. The sonography of the 
thyroid gland is a useful, simple and non-invasive modality 
and provides valuable information about the function of 
thyroid gland besides evaluating its morphology.
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