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ABSTRACT ____

BACKGROUND: Thyroid disorders are highly prevalent globally, yet subclinical disease remains undercharacterised
in young South Asian adults. Medical students constitute a unique cohort for population-level screening given their
demographic diversity and healthy baseline. AIM: To determine the prevalence and sonographic spectrum of thyroid
pathology among undergraduate medical students and to correlate findings with sex, anthropometry, and biochemical
parameters. METHODS: A prospective cross-sectional study was conducted among 361 medical students (219 male,
142 female; mean age 22.8 + 2.2 years) following Institutional Review Committee approval. High-frequency (7.5-12
MHz) B-mode Doppler ultrasonography was performed by a single experienced radiologist. Nodules were classified
using the 2017 ACR TI-RADS lexicon. Biochemical evaluation (TSH, free T4, anti-TPO antibodies) was performed in
participants with sonographic diagnoses. Data were analysed using SPSS v26.0 (IBM Corp., USA); p<0.05 was
considered significant. RESULTS: Thyroid abnormalities were detected in 147 participants (40.7%). Chronic
autoimmune thyroiditis (CAT) was identified in 30 students (8.3%; F:M ratio 1.1:1); subclinical hypothyroidism was
present in 14 CAT-positive participants (46.7%) and anti-TPO antibodies were elevated in 7 (23.3%). Thyroid nodules
were present in 113 students (31.3%), predominantly colloid/colloid cysts (81/113; 71.7%). ACR TI-RADS TR 5 fine-
needle aspiration cytology confirmed Bethesda Category VI papillary thyroid carcinoma in one asymptomatic
participant. Mean total thyroid volume was significantly higher in males than females (8.73 + 2.03 vs. 6.17 + 1.94 cm3;
p<0.001). Cervical lymphadenopathy of benign character was observed in 103 participants (28.5%). CONCLUSION:
Screening ultrasonography reveals a substantial burden of subclinical thyroid pathology among asymptomatic medical
students, including one case of papillary thyroid carcinoma. Combined sonographic and biochemical screening is
recommended in young adults in Nepal given the ongoing iodine nutritional transition.

Keywords: Thyroid ultrasound; thyroid nodule; autoimmune thyroiditis; TI-RADS; subclinical hypothyroidism; Nepal;
screening.

Introduction ____

The thyroid gland plays a central role in regulating Thyroid disorders are among the most prevalent
metabolism, growth, and development through the endocrine conditions globally, with an estimated 200
synthesis of thyroxine (T4) and triiodothyronine (T3).1 million individuals affected, the majority undiagnosed
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due to the insidious onset of symptoms.2.3 In young
adults, the burden of subclinical thyroid disease which
encompasses early autoimmune thyroiditis and
incidentally detected nodules represents a clinically
significant but frequently overlooked entity.
Ultrasonography is the cornerstone of thyroid imaging,
offering high-resolution real-time assessment, Doppler
flow characterization, and freedom from ionizing radi-
ation.4 The American College of Radiology Thyroid
Imaging Reporting and Data System (ACR TI-RADS),
introduced in 2017, provides standardized risk stratifi-
cation of thyroid nodules, enabling targeted biopsy while
avoiding over-investigation of benign lesions.5.6.7
Nepal presents a compelling context for thyroid research.
Following universal salt iodization in the 1990s, the
country transitioned from iodine deficiency to sufficiency,
with pockets of excess now documented in Terai districts.
This nutritional transition has been associated with a
rising prevalence of autoimmune thyroid disease in
genetically susceptible individuals.8.® Despite clinical
relevance, population-based thyroid screening data
from high-frequency ultrasonography in young South
Asian adults remain limited.11,12

The present study aimed to: (i) determine the prevalence
and sonographic spectrum of thyroid pathology in
undergraduate medical students; (ii) assess thyroid
gland morphometry; (iii) classify nodular disease using
ACR TI-RADS; (iv) correlate sonographic findings with
biochemical parameters including thyroid function tests
and anti-TPO antibodies.

Methodology _____

Study Design and Ethical Approval

This prospective cross-sectional observational study
was conducted at the Department of Radiology and
Imaging of a tertiary care teaching hospital in Kohalpur,
Banke, Nepal affiliated with Kathmandu University.
Ethical approval was granted by the Institutional Review
Committee (IRC) on 12 March 2026. Written informed
consent was obtained from all participants prior to
enrolment and all data were anonymised. The study
was conducted in accordance with the Declaration of
Helsinki.

Participants
Undergraduate medical students (first to final year) were

PAKISTAN JOURNAL OF RADIOLOGY

invited to participate. Inclusion criteria were: (i) age
16—-27 years; (ii) written informed consent; and (iii) no
prior thyroid diagnosis or neck surgery. Exclusion criteria
included current pregnancy, documented thyroid patho-
logy, ongoing thyroid medication, and inability to ade-
quately extend the neck. A total of 361 students meeting
eligibility criteria were enrolled.

Data Collection

Demographic data (age, sex, ethnicity) and anthro-
pometric measurements (height, weight, BMI) were
recorded using standardized techniques. Resting blood
pressure and pulse rate were measured after a five-
minute rest in the sitting position using a calibrated
aneroid sphygmomanometer.

Ultrasonographic Examination

All examinations were performed by a single experienced
radiologist (>5 years dedicated thyroid sonography)
using a high-frequency linear-array transducer (7.5-12
MHz) on a GE LOGIQ P6 system (GE Healthcare,
Chicago, IL, USA), with participants supine and neck
hyperextended.13 Thyroid volume was calculated using
the modified ellipsoid formula: Volume (cm?3) = 0.523 x
AP x TR x CC per lobe; total volume = right + left lobe
volumes.

Chronic autoimmune thyroiditis (CAT) was diagnosed
when diffusely heterogeneous echotexture, reduced
echogenicity, and markedly increased Doppler vascu-
larity were concurrently present, a criteria with reported
sensitivity and specificity of 80-95% when corroborated
by serology.14.15 Parenchymal vascularity was graded
on a four-point colour Doppler scale: Grade 0 (absent),
Grade | (minimal peripheral), Grade Il (moderately
increased non-confluent), and Grade llI (diffuse confluent
hypervascularity-'thyroid inferno'). Grades II-1ll combined
with parenchymal heterogeneity and reduced echoge-
nicity were considered diagnostic of CAT. Nodules were
classified per the 2017 ACR TI-RADS lexicon yielding
TR 1 (benign) through TR 5 (highly suspicious).”

Biochemical Evaluation

Serum TSH, free T4, and anti-thyroid peroxidase (anti-
TPO) antibodies were measured in all participants with
sonographic diagnoses of CAT or nodular disease.
Subclinical hypothyroidism was defined as elevated
TSH with normal free T4 in an asymptomatic individual.
Universal biochemical screening across all 361
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participants was however not performed.

Statistical Analysis

Data were analysed using SPSS Statistics v26.0 (IBM
Corp., Armonk, NY, USA). Continuous variables are
presented as mean + standard deviation (SD). Between-
group comparisons used the independent-samples t-
test for continuous variables and the chi-square test for
categorical variables with expected cell frequencies >5,
and Fisher's exact test for categorical variables with
any expected cell frequency < 5. A two-tailed p-value
<0.05 was considered statistically significant.16

B'e_s_u'l'ts__

Demographic, Anthropometric, and Morphometric
Characteristics

A total of 361 medical students were included (219
males, 60.7%; 142 females, 39.3%; mean age 22.8 +2.2
years, range 16-27). The cohort represented broad ethnic
diversity including Brahmin (79; 21.9%), Madhesi (62;
17.2%), Chhetri (50; 13.8%), Newar (23; 6.4%), and other
communities. Mean BMI was 23.3 + 3.6 kg/m2. Males
were significantly taller and heavier than females
(p<0.001 for both); BMI did not differ significantly by sex
(p=0.073). Mean total thyroid volume was 7.71 + 2.35
cm? (range 3.14—19.88 cm?), significantly greater in
males than females (8.73 + 2.03 vs. 6.17 + 1.94 cm3;
p<0.001). Right lobe volume (4.19 + 1.39 cm?3 ) marginally
exceeded left lobe volume (3.53 = 1.31 cm?3). Demo-
graphic, anthropometric, and morphometric data are
presented in (Tab.1).

Sonographic Findings

Thyroid abnormalities were detected in 147 of 361
participants (40.7%). The majority (314/361; 87.0%)
demonstrated homogeneous parenchymal echotexture
with normal vascularity. Coarse echotexture was
observed in 17 participants (4.7%), and heterogeneous
echotexture with increased vascularity diagnostic of
CAT was identified in 30 (8.3%). The complete spectrum
of sonographic findings is shown in (Tab.2).

Chronic Autoimmune Thyroiditis and Biochemical
Correlation

CAT was identified in 30 students (8.3%), with near-
equal sex distribution (16 females vs. 14 males; F:M
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Parameter | Total/All | Male (n=219) |Female (n=142)| p-value

DEMOGRAPHIC AND ANTHROPOMETRIC DATA

Age (years),mean+SD | 22.7+22 | 228+22 226121 0.46

BMI (kg/m? ), mean + SD| 23.3£3.6 | 23.6£3.2 22940 0.073

Height (cm), mean + SD [ 166.6 +8.9 | 172.0+6.1 1684+54 | <0.001

Weight (kg), mean +SD | 64.8+12.0 | 69795 | 573497 |<0.001

SBP (mmHg), mean + SO 119.0£11.4 | 1229+9.9 1129+94 | <0.001

DBP (mmHg), mean +S) 77.1482 | 791476 | 741+80 | <0001

PR (bpm), mean+SD | 74.5+4.8 | 749+4.2 739455 0.061

THYROID GLAND MORPHOMETRY

Right lobe vol. (cm*) 419£139| 465127 349+127 | <0.001

Left lobe vol. (cm®) 353131 408121 268+0.95 | <0.001

Total thyroid vol. (cm®) | 7.71+2.35 | 8.73£2.03 6.17+1.94 | <0.001

Isthmus AP diameter (cm) 0.25£0.10 | 0.26+0.10 0.24+0.10 0.019

SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic
blood pressure; PR: pulse rate; vol.: volume; AP: anteroposterior.

Table 1: Demographic, anthropometric, and thyroid morphometric
characteristics by sex (n=361)

Ultrasound Parameter | n |Percentage(%)

Parenchymal Echotexture

Homogeneous 302 87.0
Heterogeneous (CAT) 30 8.3
Coarse 17 47
Vascularity
Normal (Grade 0-1) 319 91.7
Increased (Grade II-III; CAT) 30 8.3
Thyroid Nodules
Absent 234 64.8
Colloid cyst 81 224
Spongiform 15 42
Non-specific 8 2.2
Hypoechoic 6 1.7
Adenomatous 3 0.8
Cervical Lymphadenopathy (benign) 103 285
Chronic Autoimmune Thyroiditis (CAT) 30 8.3

CAT: chronic autoimmune thyroiditis. Increased vascularity: colour
Doppler Grade lI-1ll; normal vascularity: Grade 0-I.

Table 2: Sonographic findings in medical students undergoing
thyroid screening (n=361)

ratio 1.1:1; p=0.74). Biochemical evaluation in all 30
CAT-positive participants revealed subclinical hypothy-
roidism in 14 (46.7%) and elevated anti-TPO antibodies
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in 7 (23.3%). The 76.7% with normal anti-TPO likely
represents early or seronegative autoimmune thyroiditis.
Among non-CAT participants with colloid cysts,
subclinical hypothyroidism was incidentally detected in
8 of 81 cases (9.9%), reflecting background thyroid
dysfunction.

Thyroid Nodules and ACR TI-RADS Classification
Thyroid nodules were identified in 113 students (31.3%).
Among nodule-bearing participants, colloid cysts
predominated (81; 71.7%), followed by spongiform
nodules (15; 13.3%), non-specific nodules (8; 7.1%),
hypoechoic nodules (6; 5.3%), and adenomatous
nodules (3; 2.7%). ACR TI-RADS classification is shown
in (Tab.3). The TR 4 case (24-year-old female, 1.23 x
0.58 cm hypoechoic nodule) returned Bethesda
Category Il on fine-needle aspiration cytology (FNAC).
The TR 5 case was a 25-year-old female with coexisting
CAT which returned Bethesda Category VI, confirming
papillary thyroid carcinoma, necessitating urgent
surgical referral.

ACR TI-RADS Category n | % of Total | % of Nodule-bearing

TR 1 (Benign) 38 10.5 336
TR 2 (Not suspicious) 6 1.7 5.3
TR 3 (Mildly suspicious) 3 0.8 2.7
TR 4 (Moderately suspicious) [ 1 0.3 0.8
TR 5 (Highly suspicious) 1 0.3 0.8

Not categorised / Absent 294 86.4 -

ACR TI-RADS: American College of Radiology Thyroid Imaging
Reporting and Data System. FNAC: fine-needle aspiration cytology.

Table 3: ACR TI-RADS classification of thyroid nodules (n=361)

Cervical Lymphadenopathy

Cervical lymphadenopathy was detected in 103 parti-
cipants (28.5%). All cases demonstrated benign reactive
features i.e. oval or elongated shape, preserved fatty
hilum, no cortical thickening. The most common nodal
station was Level Il (50 cases), followed by intraparotid
(26 cases). Laterality was right-sided in 50 (48.5%), left-
sided in 31 (30.1%), and bilateral in 22 (21.4%).

This study provides a comprehensive sonographic and
biochemical profile of thyroid pathology among 361
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medical students at a Terai-based South Asian
institution, contributing novel population-level screening
data. The key findings include an overall thyroid
abnormality rate of 40.7%, CAT prevalence of 8.3%,
nodule prevalence of 31.3%, subclinical hypothyroidism
in 46.7% of CAT-positive students, and one case of
papillary thyroid carcinoma that has important
implications for thyroid screening policy in Nepal.
The overall abnormality rate of 40.7% is consistent with
published screening literature. Guth et al. reported very
high nodule prevalence on 13 MHz high-frequency
ultrasound in a German adult population,’ and Hegedus
estimated that approximately 50% of individuals would
harbour thyroid nodules under sensitive ultrasound
examination.'2 Our rate likely reflects the combined
sensitivity of dedicated high-frequency imaging and
biochemical detection of subclinical dysfunction.
The CAT prevalence of 8.3% slightly exceeds the global
pooled estimate of 7.5% from a recent systematic
review.17 The near-equal sex distribution (F:M 1.1:1) is
atypical, as clinical series consistently report female
predominance;18 this may reflect the young age and
preclinical stage of disease in the screened population,
where sex-differential immune expression has not yet
fully manifested. Subclinical hypothyroidism in 46.7%
of sonographically diagnosed CAT cases validates the
imaging criteria applied and identifies a cohort at risk
from the given annual 2-5% progression rate from
subclinical to overt hypothyroidism in Hashimoto thyroi-
ditis, 18 structured longitudinal follow-up is warranted.
Nepal's iodine nutritional transition, with pockets of
excess now documented in Terai districts, may contribute
to a higher autoimmune thyroiditis burden through
excess iodine-mediated immune activation in susceptible
individuals.8.9

The nodule prevalence of 31.3% exceeds the 20-25%
typically reported in general population studies,20 likely
reflecting high-frequency probe sensitivity. The predo-
minance of colloid cysts (71.7%) is reassuring, as these
are universally benign lesions.1® The detection of
papillary thyroid carcinoma in one asymptomatic 25-
year-old male coexisting with CAT and classified TR 5
is the most clinically significant individual finding.
Without systematic ACR TI-RADS categorization, this
suspicious nodule in a CAT background might have
been misattributed to inflammatory change rather than
prompting FNAC.7 Papillary thyroid carcinoma is the
most common thyroid malignancy in young adults, and
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its rising incidence makes screening in asymptomatic
populations increasingly justifiable.21

Mean total thyroid volume of 7.71 + 2.35 cm? is within
the reported range for South Asian young adults and
lower than European normative values, consistent with
smaller body habitus.22 The significant sexual dimor-
phism in thyroid volume (p<0.001) corroborates
established physiology. Cervical lymphadenopathy in
28.5% of participants was entirely benign and reactive,
Level Il being the commonest station consistent with
frequent antigenic stimulation from the oral cavity and
upper respiratory tract in a student population.
Strengths of our study include a relatively large cohort,
single-operator ultrasonography minimizing inter-
observer variability, standardized ACR TI-RADS classi-
fication, biochemical corroboration in sonologically
abnormal participants, and broad ethnic diversity. Limita-
tions include the cross-sectional design, biochemical
profiling restricted to sonologically abnormal partici-
pants, single-center recruitment, and the healthy-worker
effect inherent to a student cohort. Future studies should
incorporate universal biochemical profiling, urinary
iodine concentration measurement, and longitudinal
follow-up of students with CAT or high-grade nodules.

Conclusion ____

Screening ultrasonography reveals a substantial
burden of subclinical thyroid pathology among medi-
cal students in Nepal. CAT was present in approxi-
mately one in twelve students, with subclinical
hypothyroidism in 46.7% of affected cases, under-
scoring that sonographic and biochemical screening
are complementary. Thyroid nodules were identified
in approximately one in three students, predomi-
nantly benign, yet systematic ACR TI-RADS cate-
gorisation identified one case of papillary thyroid
carcinoma in an asymptomatic young adult. These
findings support the implementation of periodic
combined sonographic and biochemical thyroid
screening in young adults in Nepal, particularly in
the context of the ongoing iodine nutritional
transition.
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