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Introduction

The thyroid is one of the most important endocrine 
organs in the human body (1), and is also a key gland for 
all vertebrates. Clinically, thyroid nodules are the most 
common type of thyroid disease (2). A thyroid nodule is 
a mass that exists in the thyroid gland and moves up and 
down with the swallowing action of the human body. There 
are generally many pathogenic factors, and the etiology is 

more complicated. The types of diseases that will appear 
in clinical thyroid nodules are also diverse; for example, 
thyroid degeneration, inflammation, autoimmunity, and 
new organisms can all appear as nodules (3,4). Thyroid 
nodules can be single or multiple. Multiple nodules have 
a higher incidence than single nodules, but single nodules 
account for a larger proportion of thyroid cancers. In recent 
years, relevant literature has gathered general statistics 
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on the incidence of thyroid disease in China, which has 
been increasing every year. According to relevant statistics, 
approximately 5% of people may have thyroid nodules in 
their bodies, and the inaccessible thyroid nodules diagnosed 
during ultrasound examination are as high as 50%. 
However, more than 80% of the nodules found in clinical 
practice are confirmed as benign nodules or nodules with no 
other functions (5-7), and generally do not require special 
medical treatment. Thyroid nodules generally include 
benign nodules, toxic nodular goiter, simple nodular goiter, 
strange lymphatic thyroiditis, subacute thyroiditis, and other 
diseases. They are more common with benign swelling and 
pain, and manifest clinically as neck lumps, neck swelling, 
and suffocation. There is a sense of congestion in the 
pharynx, or accompanied by palpitation, upset, irritability, 
and hyperhidrosis; a small number of neck pains can also be 
seen, and the voice is clear and dumb (8,9).

A small number of people have a rapid increase in local 
thyroid masses, accompanied by pain. Also, for a small 
number of patients with hyperthyroidism, palpitations, 
hyperhidrosis, hand tremor, and weight loss are the main 
clinical manifestations; or it may manifest as cold, fatigue, 
and edema due to combination with hypothyroidism. 
When it is combined with acute or subacute thyroiditis, 
there may be obvious pain and tenderness in the thyroid 
and surrounding areas. When the nodules compress the 
surrounding tissues, corresponding clinical manifestations 
such as hoarseness, suffocation, and dysphagia may  
appear (10,11). 

There will also be some high-functioning adenomas 
or malignant nodules in the clinic. For these malignant 
nodules, medical intervention and surgical resection 
are required. Among them, thyroid cancer caused by 
malignant nodules is extremely harmful, difficult to treat, 
has a poor prognosis, and places considerable pressure 
on the physiology and psychology of patients. Therefore, 
the diagnosis of thyroid nodules is extremely important. 
Effective diagnosis when nodules appear can improve the 
survival and quality of life of patients.

At present, the clinical diagnosis of thyroid nodules 
is mainly divided into three categories, namely manual 
palpation,  imaging examination,  and histological 
examination. Palpation is generally only used as a 
preliminary examination, while the specific diagnosis uses 
imaging examination and fine-needle aspiration biopsy 
(FNAB). The diagnostic accuracy of FNAB is as high as 
90%, but it is often not accepted by patients because it 

can cause wounds and injuries (12). Imaging examinations 
include computed tomography (CT), Doppler ultrasound, 
and magnetic resonance imaging (MRI) (13). Studies have 
shown that the diagnostic efficiency of color Doppler 
ultrasound for thyroid nodules is as high as 80.9% (14). 

Regardless of the method of diagnosis, the key lies in 
clarifying the etiological classification of thyroid nodules, 
determining their nature, and distinguishing benign and 
malignant nodules in order to determine the treatment 
plan. Therefore, attention should be paid to the diagnosis 
of the causes and the differentiation between benign and 
malignant when thyroid nodules are diagnosed. Based on 
this, this article retrieved and included literature to conduct 
a systematic evaluation of color Doppler ultrasound imaging 
for the diagnosis of thyroid nodules, and compare its 
accuracy and efficiency for thyroid nodules, thus providing 
a reference for improving the efficiency of early diagnosis 
of thyroid nodules. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at https://dx.doi.org/10.21037/gs-21-752).

Methods

Literature retrieval 

We searched for relevant articles on databases such as 
PubMed, Web of Science, Embase, and The Cochrane 
Library, and the search time ranged from January 2000 to 
September 2020. The search terms included “color Doppler 
ultrasound”, “thyroid nodule”, “thyroid tumor”, and 
“diagnostic value of Doppler ultrasound”.

Literature inclusion and exclusion criteria 

Studies meeting the following criteria was eligible for 
inclusion in this study: (I) published articles analyzing the 
diagnostic value of color Doppler ultrasound for thyroid 
nodules; (II) studies that directly or indirectly evaluated 
indicators of the diagnostic effect of thyroid nodules; and 
(III) articles that included a sample size of at least 15 cases.

Studies were excluded based on the following criteria: (I) 
articles that included repeated data; (II) reviews, conference 
reports, empirical lectures, and case reports; (III) unrelated 
articles; (IV) studies without a research control group, or 
where the samples between groups were not comparable; 
and (V) articles without clear reporting of the outcome 
indicators and those without complete data.

https://dx.doi.org/10.21037/gs-21-752
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Quality assessment 

Two researchers were required to conduct independent 
reading of the retrieved articles, read the full texts, and 
extract the relevant information. Any disagreements or 
disputes were resolved through discussion or the assistance 
of a third researcher. The Jadad scale was used to evaluate 
the quality of the included articles in terms of the following 
aspects: whether the article was a randomized controlled 
trial (RCT); whether the randomization method used 
was appropriate; whether the article was a double-blind 
test; whether the double-blinding method adopted was 
appropriate; whether there were patients that were lost to 
follow-up or withdrew during the research process; whether 
the reason was explained; and whether the article adopted 
an intentional analysis method. One point was for “Yes” and 
0 points were for “No”, and the total score was 5 points. 
A total score of less than 2 was classified as a low-quality 
study, and a total score greater than 2 was classified as a 
high-quality study.

The Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS) tool was used to evaluate the quality of each 
included article, and the results are shown in Table 1. It 
can be seen that the 11 articles included in the study all 
had a low risk of bias and met the subsequent analysis 
requirements.

Data extraction

We extracted the first author, publication year, research 
type, gold standard (surgical pathology detection), 
evaluation result, diagnosis result, and other data from the 

included articles. The diagnosis result had to include the 
numbers of true positives (TP), false positives (FP), false 
negatives (FN), and true negatives (TN).

Statistical analysis

RevMan 5.3  software  provided by the Cochrane 
Collaboration was adopted for data statistics and analysis. 
Firstly, the results were tested for heterogeneity using a test 
level of α=0.05. At the same time, the Peto method was used 
to analyze the heterogeneity of the articles. When I2<50%, 
it was considered that there was no heterogeneity in the 
articles, and then the fixed effects model (FEM) was used 
for meta-analysis; however, when I2>50%, the articles were 
considered to be heterogeneous, and the random effects 
model (REM) was adopted for meta-analysis. The results 
of measurement data (using the same unit of measurement) 
were expressed as the weighted mean difference (WMD); 
otherwise, they were expressed as the standard mean 
difference (SD). The results of count data were expressed 
in relative risk (RR). All results were expressed with a 95% 
confidence interval (CI). Publication bias was evaluated 
through the symmetry of the funnel chart and the 
concentration of the article to the center line. Sensitivity 
analysis was to change the inclusion criteria (especially 
the controversial studies), exclude low-quality studies, and 
use different statistical methods/models to analyze the 
same data, etc. For example, after excluding a low-quality 
study, re-estimate the combined effect size and compare it 
with the results of the meta-analysis before the exclusion, 
to explore the degree of influence of the research on the 
combined effect size and the robustness of the results.

Table 1 Risk bias assessment of the included articles

First author Year of publication 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Lin 2009 Y Y Y U Y Y Y Y Y Y U Y Y Y

Gul 2009 Y Y Y U Y Y Y Y Y Y U Y Y Y

Gannon 2018 Y Y Y U Y Y Y Y Y U U Y Y Y

Bozbora 2002 Y Y Y U Y Y Y Y Y Y U Y Y Y

Li 2016 Y Y Y U Y Y Y Y Y Y U Y Y Y

Stacul 2007 Y Y Y U Y Y Y Y Y U U Y Y Y

Palaniappan 2016 Y Y Y U Y Y Y Y Y Y U Y Y Y

Ma 2014 Y Y Y U Y Y Y Y Y Y U Y Y Y

1–14 were the item standards of QUADAS, and “Y” and “U” represented “Yes” and “Unclear”, respectively. QUADAS, Quality Assessment 
of Diagnostic Accuracy Studies.
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Results

Literature retrieval and the basic characteristics of the 
included articles

A total of 1,454 records were retrieved from the databases. 
After the duplicates were deleted, a total of 742 abstracts 
with certain relevance to this article were obtained. 
Two researchers read the abstracts and titles of these 
articles, and initially screened 58 articles that met the 
requirements. After further reading the full texts of these 
articles and excluding non-random, duplicate publications 
and unavailable literature, eight articles that met the 
requirements and were included in this study (15-22). The 
article retrieval process is shown in Figure 1, and the basic 
information of the included research articles was shown in 
Table 2.

Risk bias assessment of the included articles

Firstly, the bias risk assessment tool recommended by the 

Cochrane System Review Manual was adopted to evaluate 
the quality of the included articles and the results are shown 
in Figures 2,3. None of the eight included articles had 
random sequence generation (selection bias), incomplete 
outcome data (selection bias), and selective reporting 
(reporting bias). On the whole, the risk of the articles 
included in this study was relatively low.

The Jadad scale was used to evaluate the quality of each 
included article, and the results are shown in Table 1. It can 
be seen that the eight articles included in this study all had a 
low risk of bias, which met the requirements of subsequent 
analysis.

Meta-analysis on the diagnostic value of color Doppler 
ultrasound for thyroid nodules 

We evaluated the value of transcranial Doppler in the 
diagnosis of ischemic cerebrovascular disease, and the results 
are shown in Figure 4. It can be seen that the estimated 
sensitivity of color Doppler ultrasound technology for the 
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Reports excluded:
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Figure 1 Literature retrieval process.
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Table 2 Basic characteristics of the included articles.

First author Year of publication Number of TP Number of FP Number of FN Number of TN Gold standard 

Lin 2009 41 16 40 281 FNAB

Gul 2009 141 24 17 1,900 FNAB

Gannon 2018 35 8 24 85 FNAB

Bozbora 2002 14 0 7 60 FNAB

Li 2016 338 97 86 241 FNAB

Stacul 2007 110 113 129 307 FNAB

Palaniappan 2016 36 20 7 131 FNAB

Ma 2014 84 5 10 73 FNAB

TP, true positives; FP, false positives; FN, false negatives; TN, true negatives; FNAB, fine-needle aspiration biopsy.
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Figure 2 Assessment of risk bias of the included articles.
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diagnostic value of thyroid nodules was 0.46–0.89, while 
the specificity of the diagnostic value was 0.00–1.00. The 
value analysis of color Doppler ultrasound technology 
in diagnosing thyroid nodules using a bivariate model is 
shown in Figure 5. It can be seen that the pooled estimate 
of sensitivity of different studies was 0.71 (0.46–0.89), and 
the specific pooled estimate was 0.77 (0.00–1.00). The area 
under the summary receiver operating characteristic (SROC) 
curve (AUC) was 0.917.

Analysis of publication bias

The Deek funnel chart was drawn using STATA12.0 
software (StataCorp, USA) to analyze the publication bias 
of the included studies, and the results are shown in Figure 6.  
It can be seen that the included articles were evenly 
distributed on both sides of the regression line, and the 
asymmetric test results showed that there was no obvious 

publication bias (P=0.312).

Discussion

In recent years, with the popularization and development 
of comprehensive physical examinations, the incidence of 
thyroid nodules has been found to be gradually increasing 
in the physical examinations of the general population, but 
the specific reasons remain unclear. There are speculations 
in the relevant literature that it may be caused by increased 
pressure and excessive consumption of iodized salt due 
to the acceleration of social development, but there is 
no clinical data to support this. According to relevant 
epidemiological reports (23,24), approximately 5 out of 
every 100 people suffer from asymptomatic thyroid nodules, 
and in women and elderly people, this probability is even 
higher. At present, there is no accurate diagnosis of these 
nodules, and no specific symptoms in clinical practice. This 

Figure 4 Forest map for the diagnostic value of color Doppler ultrasound in thyroid nodules. CI, confidence interval.
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Figure 5 SROC for the diagnostic efficiency of transcranial 
Doppler for ischemic cerebrovascular disease. SROC, summary 
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Figure 6 Deek’s funnel chart of included articles. ESS, effective 
sample size.
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is because there is not much difference in the morphology 
of benign and malignant nodules. Therefore, diagnosing 
the nature of nodules from medical imaging remains a 
huge challenge. In addition to imaging diagnosis, clinical 
pathology can only be diagnosed by FNAB; however, this 
diagnostic method is an invasive operation, which is painful 
and risky for the patient. Therefore, finding an effective 
and reliable non-invasive diagnostic method for benign and 
malignant thyroid nodules has become a current research 
hotspot.

The significant clinical value of color Doppler ultrasound 
in the diagnosis of thyroid nodules has gradually attracted 
the attention of clinicians. In practical applications, the 
specificity and sensitivity of the ultrasound image for the 
diagnosis of malignant thyroid nodules are 0.39–1.00 
and 0.72–0.96, respectively, after integrating the various 
indicators of color Doppler ultrasound. These results show 
that color Doppler ultrasound is crucial to improve the 
diagnostic efficiency of malignant thyroid nodules after 
integrating various ultrasound image indicators (25-27).

Color Doppler can also be applied to patients whose 
FNAB examination does not have a clear result, because 
FNAB for thyroid nodules has certain limitations. When 
it lacks a sufficient number of cells, the cytological 
examination in cystic or hemorrhagic lesions will have 
a certain chance of missed diagnosis. Ultrasound has 
considerable clinical value in separating cystic and solid 
lesions. Wienke et al. (28) reported that 60% of benign 
thyroid nodules are entities and 40% are cystic structures. 
However, these results contradict the findings of other 
researchers. Clinical experience has demonstrated that 
there are multiple cystic components. Generally speaking, 
there is a possibility that papillary cancer can be eliminated. 
For patients with certain risk factors for thyroid cancer, 
it is necessary to use rapid FNAB or biopsy to effectively 
identify benign cystic nodules. In addition, calcification can 
be detected from about 10–15% of thyroid nodules, but the 
location and pattern of calcification have a huge impact on 
the prognosis of benign and malignant tumors. Calcification 
may be the most reliable feature of benign nodules; when 
the calcification is large and rough, the nodules are more 
likely to be benign (29,30), but when the calcification points 
are small and punctate, it is more likely to be a malignant 
tumor. Pathologically, these small calcifications may come 
from the sand body, usually seen in papillary carcinoma. 
Color Doppler can confirm the presence of calcification 
(P<0.05). Data in some studies (31-33) indicates that 
microcalcification has high specificity (95%) and low 

sensitivity (29–36%) for malignant thyroid tumors.
In this  s tudy,  meta-analys is  was  performed to 

systematically evaluate the value of color Doppler 
ultrasound in the diagnosis of thyroid nodules. The results 
showed that the sensitivity and specificity of color Doppler 
ultrasound in the diagnosis of thyroid nodules were 0.93 
and 0.96, respectively, and the AUC was 0.917. These 
results suggest that the use of color Doppler ultrasound 
technology for the diagnosis of thyroid nodules has high 
sensitivity and specificity.

Ultrasonography has the advantages of non-invasive, 
non-radioactive, easy operation and reproducibility, so it 
can be used as the preferred method for thyroid diseases 
Compared with gray-scale ultrasound, color Doppler 
ultrasound imaging can display the blood flow signal in the 
lesion tissue in real time. Therefore, the clinical diagnosis 
efficiency of color Doppler ultrasound imaging is high, 
and it provides important information for the diagnosis 
and identification of thyroid diseases. However, due to 
the multi-source and coexistence of thyroid nodules, it is 
necessary to closely combine the clinical data of the patient 
to minimize the rate of misdiagnosis and missed diagnosis. 
When necessary, pathological biopsy can be performed 
under ultrasound guidance to confirm diagnosis and 
treatment.

Conclusions

This study aimed to analyze the diagnostic value of color 
Doppler ultrasound for thyroid nodules. A total of eight 
suitable included articles were selected. The Jadad tools 
were used to evaluate the quality of the included articles, 
and Review Manager 5.3 software was used to conduct a 
meta-analysis of the experimental data. According to the 
results of the meta-analysis, the sensitivity and specificity 
of color Doppler ultrasound technology for the diagnostic 
value of thyroid nodules were estimated to be 0.52–1.00 and 
0.78–1.00, respectively. The pooled estimate of sensitivity 
of different articles was 0.93 (95% CI: 0.75–1.00), and the 
pooled estimate of specificity was 0.96 (95% CI: 0.78–1.00). 
Also, since the AUC in this study was greater than 0.9 
(0.917), it can be considered that this method is highly 
accurate in the diagnosis of thyroid nodules.

However, this study only used computer retrieval 
methods to find relevant articles, and did not consider the 
effect evaluation of color Doppler ultrasound technology 
and other imaging techniques in the diagnosis of the 
disease. Subsequently, further include more articles, and 
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the quality of the included articles would be controlled in 
accordance with the QUADAS standard. In summary, the 
results of this study can provide a theoretical basis for the 
promotion and application of color Doppler ultrasound 
technology in the clinical diagnosis of thyroid nodules, 
providing further reliable data for the follow-up clinical 
diagnosis and treatment of thyroid nodules.
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