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Abstract 
Background: Thyroid nodules are commonly detected, but histopathology, the 
gold standard for malignancy diagnosis, is invasive and costly. The 2014 British 
Thyroid Association ultrasound scoring system offers a non-invasive alternative, 
though it’s diagnostic accuracy remains controversial, prompting this study to 
assess its reliability. 
Objective: To assess diagnostic accuracy of British thyroid association 2014 
classification ultrasound scoring in predicting malignant thyroid nodules taking 
histopathology as gold standard.   
Duration: Six months w.e.f 21-12-2023 to 20-06-2024. 
Methodology: After ethical approval, 145 patients who met the inclusion 
criteria were enrolled from the OPD and referred to the radiology department. 
Informed consent was obtained. Demographics such as age, BMI, neck 
circumference, smoking history, diabetes, hypertension, residence, and occupation 
were recorded. Patients underwent ultrasonography and were classified based on 
the British Thyroid Association 2014 guidelines. Biopsy samples were sent for 
cytology. Findings were documented, and data was analyzed using SPSS version 
22.0. 
Results: The study included 145 participants, with a mean age of 45.5 years, 
60% aged 20-50 years, and 66.2% female, with 63.4% classified as 
overweight/obese. Health conditions like hypertension (56.6%) and diabetes 
(43.4%) were common. Ultrasound scoring identified 40.7% as malignant, while 
histopathology confirmed 42.1%. The diagnostic performance of ultrasound 
scoring showed a sensitivity of 90.16%, a positive predictive value (PPV) of 
93.23%, a negative predictive value (NPV) of 93.01%, and an accuracy of 
93.10%. Stratification by subgroups showed no significant differences in 
malignancy prevalence.   
Conclusion: Ultrasound scoring proved to be a reliable method for predicting 
malignant thyroid nodules, offering high diagnostic performance. The study 
showed no significant differences in malignancy prevalence across subgroups. 
These results suggest that ultrasound scoring is a valuable non-invasive tool for 
thyroid nodule evaluation. 
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INTRODUCTION 
Thyroid gland malignancies are the most prevalent 
among endocrine system cancers, with thyroid 
nodules being approximately four times more 
common in women than in men.1 The long-term 
survival rates, even in cases of recurrent disease, have 
prompted questions regarding the extent of 
thyroidectomy required for patients with well-
differentiated thyroid carcinomas.1,2 Over the last 40 
years, the incidence of thyroid cancer has increased 
significantly in the United States, with similar trends 
observed globally. Thyroid cancer is currently the 13th 
most common cancer diagnosis overall and the 6th 
most common among women.3 A study found that 
30.5% of the thyroid nodules studied were 
malignant.4 
Thyroid carcinoma is classified into three main 
histologic types: differentiated (including papillary, 
follicular, and Hurthle cell), medullary, and 
anaplastic, the latter being an aggressive, 
undifferentiated tumor. Mortality rates for thyroid 
cancer remain low, with differentiated thyroid tumors 
generally offering an excellent prognosis, as evidenced 
by a 10-year survival rate exceeding 90-95%.5 In 
response to numerous queries regarding the 
management of thyroid disease amidst the global 
pandemic, members of the British Thyroid 
Association (BTA) and the Society for Endocrinology 
have provided guidelines to assist endocrine and 
primary care practitioners during this extraordinary 
period.6,7 Regarding diagnostic tools, one study 
highlighted that the BTA-U score demonstrated a 
sensitivity and negative predictive value of 100% in 
identifying and predicting malignancy, although its 
specificity and positive predictive value were 34% and 
32%, respectively.8 Another study showed the BTA-U 
score’s sensitivity at 74% and specificity at 92% in 
detecting malignancy.9  The varying diagnostic 
accuracy of the BTA-U score across different studies 
highlights need for further research to establish a 
more reliable and consistent understanding of its 
sensitivity, specificity, and diagnostic accuracy. Before 
its widespread implementation in clinical settings, 
clear-cut evidence is necessary to validate its 
performance, ensuring that it can be trusted as an 
effective tool for diagnosing thyroid malignancies. 
 
 

METHODOLOGY 
This cross-sectional study was conducted at Fatima 
Memorial Hospital Lahore over six months after 
ethical approval. It aimed to assess the diagnostic 
performance of ultrasound scoring (BTA 2014) in 
identifying malignant thyroid nodules. Using the 
WHO calculator, a sample size of 145 patients was 
determined with a 95% confidence level, 30.5% 
prevalence of thyroid malignancy, a sensitivity of 74% 
for BTA-U, and 92% specificity, with a margin of 
error of 13% for sensitivity and 6% for specificity, 
based on previous studies.9 Participants aged 20 to 70 
years, both genders, presenting with thyroid lesions 
for biopsy, were enrolled. Exclusion criteria included 
recurrent lesions, chemotherapy or radiotherapy, 
inappropriate biopsy samples, metastatic disease, and 
pregnancy. After obtaining informed consent, 
participants' demographics, including age, gender, 
BMI, neck circumference, smoking, diabetes, 
hypertension, and occupation, were recorded. 
Patients underwent ultrasonography, classifying 
nodules as malignant or benign per BTA 2014. Biopsy 
samples were sent for cytological analysis. The 
operational definitions used in this study were as 
follows: A Thyroid Nodule was classified as positive if 
the BTA-U score was between 3-5 (malignant) and as 
benign if the score was between 1-2. On cytology, a 
nodule was considered positive if more than 10% of 
tumor cells absorbed the H&E stain. A True Positive 
was defined as a BTA-U score of 3-5 with malignant 
histopathology. A True Negative was a BTA-U score 
of 1-2 with benign histopathology. A False Positive 
was when the BTA-U score was 3-5 but the 
histopathology was benign, while a False Negative 
occurred when the BTA-U score was 1-2, but the 
histopathology showed malignancy. Data was analyzed 
using SPSS version 22.0, checking normality with the 
Shapiro-Wilk test. Descriptive statistics for 
continuous variables (age, BMI, etc.) and frequencies 
for categorical variables (gender, smoking, etc.) were 
calculated. A 2x2 contingency table was generated to 
evaluate the sensitivity, specificity, PPV, NPV, and 
diagnostic accuracy of BTA-U against cytology as the 
gold standard. Stratification by age, gender, BMI, 
smoking, and other factors was performed, and 
diagnostic performance was assessed within each 
subgroup. This methodology provided a 
comprehensive evaluation of the ultrasound scoring 
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system’s effectiveness in diagnosing thyroid 
malignancy.  
 
RESULTS 
The study included 145 participants with a mean age 
of 45.54 ± 14.98 years. The majority were aged 20-50 
years (60%) and female (66.2%). The mean BMI was 
26.78 ± 3.91, with 63.4% categorized as 
overweight/obese. Neck circumference averaged 
37.75 ± 2.84 cm, with 73.8% at increased risk. 
Regarding health factors, 26% were smokers, 43.4% 
had diabetes, and 56.6% had hypertension. Most 
participants resided in rural areas (52.4%) and were 
unemployed (54.5%). The average symptom duration 
was 14.48 ± 6.88 months, with 55.2% experiencing 
symptoms for over a year. Lesion sizes ranged from 1-
2 cm (35.9%) to 3-4 cm (64.1%). Data is given in 
Table 1.0. The data was found normally distributed. 
Out of the 145 participants, 40.7% were classified as 
malignant based on ultrasound scoring, while 42.1% 
were diagnosed as malignant through histopathology. 
The remaining participants were classified as non-

malignant in both modalities, as given in Table 2.0. 
Moreover, stratification of frequency of malignant 
nodules as per histopathology on the basis of sub 
groups produced insignificant difference for all the 
sub groups (p-value>0.05). Table 3.0 presents the 2x2 
contingency table used to evaluate the diagnostic 
performance of ultrasound scoring in diagnosing 
malignant thyroid nodules, with histopathology 
findings as the gold standard. In this analysis, 55 true 
positives (malignant nodules correctly identified), 4 
false positives (benign nodules incorrectly identified 
as malignant), 6 false negatives (malignant nodules 
incorrectly identified as benign), and 80 true negatives 
(benign nodules correctly identified) were recorded. 
The results show a sensitivity of 90.16%, specificity of 
95.24%, and accuracy of 93.10%. The disease 
prevalence was 42.10%, with a positive predictive 
value of 93.23% and a negative predictive value of 
93.01%. Output from 2x2 contingency table of 
diagnostic accuracy showed almost similar output 
with little variable as given in Table 3.0 that however 
makes way for future research also. 

 
Table 1.0: Demographic Characteristics of Patients with Suspicion of Thyroid Malignancy 

Characteristics Participants (n=145) 
Age (years) 45.54±14.98 
• 20-50 years 88 (60.0%) 
• 51-70 years 56 (38.6%) 
Gender   
• Male 49 (33.8%) 
• Female 96 (66.2%) 
BMI (kg/m2) 26.78±3.91 
• Normal Weight 53 (36.6%) 
• Overweight / Obese 92 (63.4%) 
Neck Circumference (cm) 37.75±2.84 
• Normal  38 (26.0%) 
• Increased Risk 107 (73.8%) 
Smoking  
• Yes 38 (26.0%) 
• No 107 (73.8%) 
Diabetes  
• Yes 63 (43.4%) 
• No 82 (56.6%) 
Hypertension  
• Yes 82 (56.6%) 
• No 63 (43.4%) 
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Residence   
• Urban 69 (47.6%) 
• Rural 76 (52.4%) 
Occupation  
• Employed 66 (45.5%) 
• Unemployed 79 (54.5%) 
Duration of Symptoms 14.48±6.88 
• ≤12 months 65 (44.8%) 
• >12 months 80 (55.2%) 
Lesion Size 1.64±0.48 
• 1-2 cm 52 (35.9%) 
• 3-4 cm 93 (64.1%) 

 
Table 2.0: Frequency of Malignant Thyroid Nodule upon Ultrasound Scoring and Histopathology 

Modality Malignant Thyroid Nodule  
Frequency 
(n) 

Percent 
(%) 

Ultrasound Scoring 
Yes 59 40.7 % 
No 86 59.3 % 
Total 145 100.0 % 

Histopathology 
Yes 61 42.1 % 
No 84 57.9 % 
Total 145 100.0 % 

 
Table 3.0: 2x2 Contingency Table to Determine Diagnostic Performance of Ultrasound Scoring in Diagnosing 
Malignant Thyroid Nodule Taking Histopathology Findings as Gold Standard 

Ultrasound Scoring  
Histopathology 

Total 
Malignant  Benign 

Malignant 55a 4c 59 
Benign 6b 80d 86 
Total 61 84 145 

aTrue Positive = 55, cFalse Positive = 4, bFalse Negative = 6, dTrue Negative = 80 
 

Statistic Formula Value 

Sensitivity 
 

90.16% 

Specificity 
 

95.24% 

Accuracy 
 

93.10% 

Disease prevalence 
 

42.10% 
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Positive Predictive Value 
 

93.23% 

Negative Predictive Value 
 

93.01% 

 
Table 4.0: Output from 2x2 Contingency Table to Determine Diagnostic Performance of Ultrasound Scoring in 
Diagnosing Malignant Thyroid Nodule Taking Histopathology Findings as Gold Standard Across Sub Groups  

Group Sub Groups Sensitivity Specificity PPV NPV 
Diagnostic 
Accuracy 

Prevalence 

Age 
20-50 years 91.30% 94.55%  90.94%  94.77%  93.33%  37.5% 
51-70 years 85.71% 96.43% 96.00% 87.10%  91.07%   50.0% 

Gender 
Male 85.00% 100.0% 100.0%  90.63% 93.88%   40.8% 
Female 92.68% 92.73% 90.47%  94.45%  92.71%   42.7% 

BMI 
Normal Weight 96.15% 100.0% 100.0%  96.42%  98.11%   49.1% 
Overweight / Obese 85.71% 92.98% 88.22%  91.39%  90.22%   38.0% 

Neck 
Circum. 

Normal 86.67% 91.30% 86.68%  91.30%  89.47%   39.5% 
Increased Risk 91.30% 96.72% 95.46%  93.65%  94.39%   43.0% 

Smoking 
Yes 85.71% 100.0% 100.0%  92.32%  94.74%   36.8% 
No 91.49% 93.33% 91.48% 93.34%  92.52%   43.9% 

Diabetes 
Yes 100.0% 100.0% 100.0%  100.0% 100.0%  39.7% 
No 83.33% 91.30%  88.23%  87.50%  87.81%   43.9% 

Hypertension 
Yes 86.84% 95.45%  94.28%  89.38%  91.47%   46.3% 
No 95.65%  95.00% 91.33% 97.54%  95.23%   35.5% 

Residence 
Yes 87.10% 92.11%  89.99%  89.75%  89.86%   44.9% 
No 93.33% 97.83%  96.56% 95.74%  96.05%   39.5% 

Occupation 
Employed 88.46% 97.50% 95.83%  92.86%  93.94%   39.4% 
Unemployed 91.43% 93.18%  91.43% 93.18%  92.41%   44.3% 

Duration of 
Symptoms 

≤12 months 82.14% 91.89% 88.47%  87.17%  87.69%  43.1% 
>12 months 96.97 % 97.87%  96.98%  97.87%  97.50%   41.3% 

Lesion Size 
1-2 cm 90.91% 90.00%  86.95%  93.11%  90.38%   42.3% 
3-4 cm 89.74 % 98.15%  97.22%  92.99%  94.63%   41.9% 

DISCUSSION 
Thyroid nodules are commonly detected, but 
accurately predicting malignancy remains a 
challenge.10 Histopathology has been the gold 
standard for diagnosing malignancy; however, it is 
invasive, costly, and time-consuming. The British 
Thyroid Association 2014 ultrasound scoring system 
was introduced as a non-invasive method to predict 
malignancy,11,12 but variations in diagnostic accuracy 
have been observed across studies.8,9 This 
inconsistency in results prompted the planning of this 
study to assess the reliability and diagnostic accuracy 
of the 2014 British scoring system. 

In this study, the mean age of participants was 
45.54±14.98 years, with the majority being between 
20-50 years (60%) and 66.2% female. A similar mean 
age of 46.06±10.34 years was reported by Amin et 
al.,13 while other studies reported 51±15 years by 
Weller et al.8 and 42.24±9.47 years by Ain et al.14 
Wahid et al.15 found 26.8% of participants were in the 
20-30 age group, with 73.2% in the 31-50 age group. 
The 66.2% female proportion in this study aligns with 
findings from Weller et al. (42.4%), Amin et al.13 
(27.19%), Wahid et al.15 (37.8%), and Ain et al.14 
(32.0%). The mean BMI in this study was 26.78±3.91 
kg/m², while Ain et al.14 reported a mean BMI of 
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24.34±4.65 kg/m². Regarding malignancy, 40.7% of 
participants were classified as malignant based on 
ultrasound scoring, while 42.1% were diagnosed as 
malignant through histopathology. These 
histopathology findings are consistent with McClean 
et al.,16 who reported 43.8%, while Weller et al. 
reported 34.0%, Amin et al. 21.93%, and Ain et al.14 
38.0%. The results of this study showed a sensitivity 
of 90.16%, specificity of 95.24%, accuracy of 93.10%, 
a positive predictive value (PPV) of 93.23%, and a 
negative predictive value (NPV) of 93.01%.  
Persichetti et al.9 reported a sensitivity of 74.0%, 
specificity of 92.0% and diagnostic accuracy of 89.0% 
of ultrasound scoring in predicting malignant nodules 
taking histopathology as gold standard. Amin et al.13 
reported a sensitivity of 88.0%, specificity of 97.8%, 
positive predictive value (PPV) of 91.7%, negative 
predictive value (NPV) of 96.7%, and a disease 
prevalence of 21.93%. Wahid et al.15 demonstrated a 
sensitivity of 96.58%, specificity of 83.33%, PPV of 
76.65%, NPV of 97.72%, diagnostic accuracy of 
88.12%, and a disease prevalence of 21.93%. Ain et 
al.14 found a sensitivity of 88.2%, specificity of 81.8%, 
PPV of 71.4%, NPV of 93.1%, and a disease 
prevalence of 38.0%.  In the study by McClean et al.,16 
while diagnosing malignant thyroid nodules using the 
British Thyroid Association Ultrasound (BTA-U) 
scoring system, a sensitivity of 88.1%, specificity of 
41.6%, positive predictive value (PPV) of 54.1%, 
negative predictive value (NPV) of 81.8%, and a 
disease prevalence of 43.8% were reported, taking 
histopathology as gold standard. Akhte et al.17 
reported a sensitivity of 80%, specificity of 34%, PPV 
of 100%, and NPV of 90% for ultrasonography in 
diagnosing malignant thyroid nodules. 
 
CONCLUSION 
Ultrasound scoring proved to be a reliable method for 
predicting malignant thyroid nodules, offering high 
diagnostic performance. The study showed no 
significant differences in malignancy prevalence 
across subgroups. These results suggest that 
ultrasound scoring is a valuable non-invasive tool for 
thyroid nodule evaluation.  
 
LIMITATIONS & RECOMMENDATIONS 
The strengths of this study include its large sample 
size, comparison of ultrasound scoring with 

histopathology as the gold standard, and the 
demonstration of high diagnostic accuracy of the 
BTA-U scoring system. However, limitations include 
the reliance on a single-center dataset and the 
potential variability in ultrasound interpretation. 
Future research should focus on multi-center studies, 
standardization of ultrasound practices, and further 
validation of the BTA-U score in diverse populations 
to enhance its clinical applicability and 
generalizability. 
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