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ABSTRACT

Background: lodine deficiency remains a significant public health concern, particularly in
developing countries, and is known to induce structural and functional alterations in the thyroid gland.
Histological evaluation provides direct insight into these changes; however, comparative data
between iodine-deficient and sufficient regions in Bihar are limited.

Objectives: To compare the histological features of thyroid gland specimens from iodine-deficient
and iodine-sufficient regions in patients undergoing thyroidectomy at a tertiary care hospital in Bihar.

Methods: This hospital-based comparative cross-sectional study included 180 thyroidectomy
specimens, with 90 each from iodine-deficient and iodine-sufficient regions. Specimens were
processed using standard histopathological techniques and stained with hematoxylin and eosin.
Parameters assessed included follicular architecture, epithelial morphology, colloid content,
hyperplasia, nodularity, fibrosis, and vascularity. Data were analyzed using SPSS version 20.0, and
appropriate statistical tests were applied with a significance level of p<0.05.

Results: Specimens from iodine-deficient regions demonstrated a significantly higher prevalence of
microfollicular architecture, columnar epithelium, scanty colloid, and follicular hyperplasia
compared to iodine-sufficient regions (p<0.001). Nodularity and increased vascularity were also
significantly more common in iodine-deficient specimens (p<0.05). In contrast, iodine-sufficient
specimens predominantly exhibited macrofollicular patterns, cuboidal to flattened epithelium, and
abundant colloid. Demographic variables were comparable between groups.

Conclusion: lodine deficiency is associated with distinct histological alterations in the thyroid gland,
reflecting increased functional demand and compensatory changes. These findings reinforce the
importance of adequate iodine nutrition and provide valuable insights for histopathological
interpretation and public health strategies.

Keywords: Thyroid gland; lodine deficiency; Histology; Follicular hyperplasia; Goiter; Bihar;
Thyroid morphology
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INTRODUCTION

The thyroid gland plays a pivotal role in regulating metabolism, growth, and development through
the secretion of thyroid hormones, which are critically dependent on adequate iodine intake. Iodine
deficiency remains one of the most common preventable causes of thyroid dysfunction worldwide,
affecting both developed and developing nations [1]. According to global estimates, nearly two billion
individuals are at risk of iodine deficiency disorders (IDD), with a significant burden in South-East
Asia [2]. Chronic iodine deficiency leads to a spectrum of morphological and functional alterations
in the thyroid gland, ranging from diffuse hyperplasia to nodular goiter and, in severe cases, cretinism

[3].

Histologically, iodine deficiency induces characteristic changes in thyroid architecture, including
follicular hyperplasia, epithelial hypertrophy, colloid depletion, and increased vascularity [4]. In
contrast, iodine-sufficient regions typically exhibit normal follicular size, cuboidal epithelial lining,
and adequate colloid storage [5]. These microscopic differences reflect the gland’s adaptive response
to altered iodine availability and thyroid-stimulating hormone (TSH) stimulation. Persistent
stimulation in iodine-deficient states results in structural remodeling that may predispose individuals
to thyroid nodules and neoplasia [6].

India has historically been considered an iodine-deficient country, particularly in the Himalayan belt
and plains, where soil iodine content is low [7]. Despite the implementation of universal salt
iodization programs, pockets of iodine deficiency still persist in several regions of Bihar [8]. This
variability offers a unique opportunity to compare histological patterns of the thyroid gland across
populations with differing iodine statuses within a similar socio-demographic context.

At the regional level, studies assessing iodine deficiency have largely focused on epidemiological
indicators such as goiter prevalence and urinary iodine concentration [9]. However, there is a relative
paucity of data examining histopathological alterations in thyroid tissue in relation to iodine status,
especially in hospital-based settings. Histological evaluation provides direct insight into cellular and
architectural changes, thereby offering a more definitive understanding of disease pathogenesis and
progression.

Locally, tertiary care hospitals in Bihar frequently encounter patients undergoing thyroidectomy for
various indications, including multinodular goiter, solitary thyroid nodules, and suspected
malignancies. These surgical specimens present an invaluable resource for studying morphological
variations attributable to iodine status. However, systematic comparative analyses between iodine-
deficient and iodine-sufficient populations using histological parameters remain limited.

The existing research gap lies in the lack of well-designed comparative studies that correlate iodine
status with detailed histological findings of the thyroid gland in the Bihar population. Understanding
these differences is essential for improving diagnostic accuracy, guiding clinical management, and
informing public health strategies aimed at eliminating IDD.

In this context, the present study aims to conduct a comparative histological analysis of thyroid gland
specimens obtained from patients residing in iodine-deficient and iodine-sufficient regions attending
a tertiary care hospital in Bihar. The objective is to identify and quantify differences in follicular
architecture, epithelial characteristics, colloid content, and other histopathological features between
the two groups.
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METHODOLOGY

Study Design: This was a hospital-based, comparative cross-sectional observational study designed
to evaluate and compare histological features of thyroid gland specimens obtained from patients
belonging to iodine-deficient and iodine-sufficient regions.

Study Setting: The study was conducted in the Department of Anatomy in collaboration with the
Department of General Surgery and Pathology at a tertiary care teaching hospital in Bihar.

Study Duration: April 2022 to September 2022.

Study Population: The study population comprised patients undergoing thyroidectomy (partial or
total) for various clinical indications such as multinodular goiter, solitary thyroid nodule, or suspected
neoplastic lesions. Resected thyroid specimens were included for histopathological examination.

Inclusion Criteria
Patients undergoing thyroidectomy during the study period
Patients residing for at least 5 years in either iodine-deficient or iodine-sufficient regions
(based on district-level iodine status data)
Adequate and well-preserved thyroid tissue specimens suitable for histological analysis

Exclusion Criteria
Patients with prior thyroid surgery or radiation exposure
Patients on long-term thyroid hormone therapy or antithyroid drugs
Specimens with extensive necrosis or inadequate preservation
Known cases of congenital thyroid disorders

Sample Size:The sample size was calculated using the formula for comparing two proportions:

2(Zgy2 +25)* - p(1 —p)
n= d2

Assuming a prevalence (p) of significant histological alteration (e.g., follicular hyperplasia) of 50%
in iodine-deficient regions (due to lack of precise prior estimates), a confidence level of 95% (Zo/2 =
1.96), power of 80% (Zp = 0.84), and allowable error (d) of 0.1, the calculated sample size per group
was approximately 90. Thus, a total of 180 thyroid specimens were included, with 90 each from
iodine-deficient and iodine-sufficient regions.

Sampling Technique: A consecutive sampling technique was employed. All eligible thyroidectomy
specimens received during the study period and meeting inclusion criteria were included until the
required sample size was achieved, ensuring equal representation from both groups.

Data Collection Tools & Procedure.

Thyroidectomy specimens were collected in 10% buffered formalin and processed according to
standard histopathological protocols. Tissue sections were embedded in paraffin, sectioned at 4-5 pm
thickness, and stained using hematoxylin and eosin (H&E). Histological examination was performed
under light microscopy by experienced histopathologists blinded to the iodine status of the patients.
A structured proforma was used to record findings, including follicular size (micro/macro), epithelial
cell height (flattened, cuboidal, columnar), colloid content (scanty/moderate/abundant), presence of
hyperplasia, nodularity, fibrosis, and vascularity.
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Study Variables: The independent variable was iodine status of the region (iodine-deficient vs
iodine-sufficient), determined based on established public health data. Dependent variables included
histological parameters of the thyroid gland such as follicular architecture, epithelial morphology,
colloid content, degree of hyperplasia, presence of nodules, fibrosis, and vascular changes.
Demographic variables such as age and sex were also recorded as potential confounders.

Statistical Analysis: Data were entered into Microsoft Excel and analyzed using Statistical Package
for the Social Sciences (SPSS) version 20.0. Descriptive statistics were expressed as mean tstandard
deviation for continuous variables and proportions for categorical variables. The Chi-square test or
Fisher’s exact test was used to compare categorical variables between groups. Independent t-test was
applied for continuous variables where applicable. A p-value of <0.05 was considered statistically
significant.

Ethical Considerations: Written informed consent was obtained from all participants prior to
surgery. Confidentiality of patient data was maintained throughout the study. The study adhered to
the ethical principles outlined in the Declaration of Helsinki for research involving human subjects.

RESULTS

A total of 180 thyroid specimens were analyzed, with equal representation from iodine-deficient
and iodine-sufficient regions. The demographic characteristics between the two groups were
comparable, with no statistically significant differences in age distribution or gender (Table 1)

Table 1: Demographic Distribution of Study Participants (n = 180)
Variable Iodine-Deficient (n=90) Iodine-Sufficient (n=90) | p-value
Mean Age (years) 38.,6+11.2 40.1 £10.5 0.34
Age Group (years)
18-30 24 (26.7%) 20 (22.2%)
31-45 38 (42.2%) 40 (44.4%) 0.82
46-60 20 (22.2%) 22 (24.4%)
>60 8 (8.9%) 8 (8.9%)
Gender (M:F) 18:72 20:70 0.68

Significant differences were observed in follicular architecture between the two groups.
Microfollicular patterns were more prevalent in iodine-deficient specimens, whereas

macrofollicular patterns predominated in iodine-sufficient cases (Table 2).

Table 2: Follicular Architecture in Thyroid Specimens

Follicular Pattern | Iodine-Deficient (n=90) | Iodine-Sufficient (n=90)  p-value
Microfollicular 42 (46.7%) 18 (20.0%)
Macrofollicular 16 (17.8%) 40 (44.4%) <0.001
Mixed 32 (35.5%) 32 (35.6%)
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Epithelial morphology showed marked variation, with a higher proportion of columnar epithelium
in iodine-deficient regions, indicative of increased functional activity, while flattened and cuboidal

epithelium were more common in iodine-sufficient specimens (Table 3)

Table 3: Epithelial Cell Morphology

Epithelial Type

Iodine-Deficient (n=90)

Iodine-Sufficient (n=90)

p-value

Flattened

Cuboidal
Columnar

10 (11.1%)
30 (33.3%)
50 (55.6%)

28 (31.1%)
44 (48.9%)
18 (20.0%)

<0.001

Colloid content differed significantly between groups. Scanty colloid was more frequently observed
in iodine-deficient specimens, whereas abundant colloid was predominant in iodine-sufficient
regions. Additionally, follicular hyperplasia was significantly more common in iodine-deficient
cases (Table 4)

Table 4: Colloid Content and Hyperplasia

Parameter Iodine-Deficient (n=90) | Iodine-Sufficient (n=90) p-value
Colloid Content
Scanty 48 (53.3%) 20 (22.2%)
Moderate 28 (31.1%) 38 (42.2%) <0.001
Abundant 14 (15.6%) 32 (35.6%)
Follicular Hyperplasia 62 (68.9%) 28 (31.1%) <0.001

Among additional histopathological features, nodularity and increased vascularity were
significantly higher in iodine-deficient specimens. Although fibrosis was more frequent in iodine-
deficient cases, the difference was not statistically significant (Table 5)

Table 5: Additional Histopathological Features

Feature Iodine-Deficient (n=90) | Iodine-Sufficient (n=90) | p-value
Nodularity 58 (64.4%) 36 (40.0%) 0.002
Fibrosis 30 (33.3%) 22 (24.4%) 0.18
Increased Vascularity |54 (60.0%) 26 (28.9%) <0.001

DISCUSSION

The present study provides a comparative histological evaluation of thyroid gland specimens from
iodine-deficient and iodine-sufficient regions in Bihar. The key findings demonstrate that iodine
deficiency is significantly associated with microfollicular architecture, columnar epithelial
morphology, scanty colloid, increased follicular hyperplasia, nodularity, and vascularity. In contrast,
iodine-sufficient regions predominantly exhibited macrofollicular patterns, cuboidal to flattened
epithelium, and abundant colloid, reflecting relatively normal thyroid physiology.
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The predominance of microfollicular architecture and follicular hyperplasia in iodine-deficient
specimens observed in this study is consistent with the adaptive response of the thyroid gland to
chronic iodine deficiency. Reduced iodine availability leads to decreased thyroid hormone synthesis,
resulting in compensatory elevation of thyroid-stimulating hormone (TSH), which in turn stimulates
follicular cell proliferation and hyperplasia [1,3]. Similar findings have been reported in earlier
histopathological studies, where iodine-deficient populations demonstrated increased cellularity and
reduced follicular size [10].

The increased proportion of columnar epithelial cells in iodine-deficient regions further supports the
concept of heightened glandular activity. Columnar transformation of follicular epithelium is a well-
recognized histological marker of TSH stimulation and active hormone synthesis [4]. In contrast,
flattened epithelium and macrofollicular architecture in iodine-sufficient regions indicate reduced
stimulation and adequate hormone storage, as also described in classical histology literature [5].
These observations align with studies by Knobel and Medeiros-Neto, who emphasized the role of
iodine intake in modulating thyroid morphology and function [6].

Colloid content is a crucial indicator of thyroid functional status. The significantly higher prevalence
of scanty colloid in iodine-deficient specimens in the present study reflects increased utilization of
stored thyroglobulin for hormone synthesis under conditions of iodine scarcity. Conversely, abundant
colloid in iodine-sufficient specimens suggests efficient hormone production and storage equilibrium.
Comparable findings have been documented in both experimental and human studies evaluating
iodine nutrition and thyroid histology [11].

The higher frequency of nodularity and increased vascularity in iodine-deficient specimens is
indicative of long-standing glandular stimulation and structural remodeling. Chronic TSH stimulation
promotes angiogenesis and nodular transformation, which may predispose to multinodular goiter and,
in some cases, neoplastic changes [6]. Although fibrosis was more common in iodine-deficient
specimens in this study, the difference was not statistically significant, suggesting that fibrosis may
be influenced by additional factors such as duration of disease and individual variability.

From a public health perspective, these findings underscore the ongoing impact of iodine deficiency
on thyroid morphology despite national iodization programs. While India has made substantial
progress in reducing iodine deficiency disorders, regional disparities persist, particularly in Bihar
[7,8]. The histological alterations observed in this study highlight the need for continued monitoring
of 1odine status and reinforcement of iodization policies.

Clinically, the distinction between histological patterns in iodine-deficient and sufficient populations
has implications for diagnosis and management. Awareness of these variations can aid pathologists
and clinicians in interpreting thyroid biopsies more accurately, especially in differentiating
hyperplastic changes from neoplastic processes. Furthermore, understanding the underlying iodine
status may guide therapeutic decisions and preventive strategies.

The strengths of this study include a well-defined comparative design, adequate sample size, and
standardized histopathological evaluation with blinding, which minimizes observer bias. The
inclusion of specimens from both iodine-deficient and sufficient regions within a similar healthcare
setting enhances the internal validity of the findings.

However, certain limitations must be acknowledged. Being a hospital-based study, the findings may
not be fully generalizable to the community. The study relied on regional iodine status rather than
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individual urinary iodine measurements, which could have provided a more precise assessment of
iodine intake. Additionally, the cross-sectional design limits causal inference, and longitudinal studies
would be valuable in assessing progression of histological changes over time.

In conclusion, the study demonstrates significant histological differences in thyroid glands between
iodine-deficient and iodine-sufficient populations, reflecting the profound influence of iodine on
thyroid structure and function. These findings are consistent with existing literature and reinforce the
importance of sustained public health efforts to eliminate iodine deficiency.
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CONCLUSION

This study demonstrates significant histological differences in thyroid gland architecture between
individuals from iodine-deficient and iodine-sufficient regions. Thyroid specimens from iodine-
deficient areas showed a higher prevalence of microfollicular patterns, columnar epithelial
morphology, scanty colloid, follicular hyperplasia, increased vascularity, and nodularity. In contrast,
iodine-sufficient regions predominantly exhibited macrofollicular architecture, flattened to cuboidal
epithelium, and abundant colloid, reflecting a relatively stable physiological state.These findings
highlight the adaptive and pathological responses of the thyroid gland to chronic iodine deficiency
and emphasize the continuing impact of iodine nutrition on thyroid health in Bihar. From a clinical
perspective, recognition of these histological variations is important for accurate interpretation of
thyroid pathology and differentiation from neoplastic conditions.The study underscores the need for
sustained public health efforts to ensure adequate iodine intake and periodic monitoring of iodine
status in vulnerable populations. Further multicentric and longitudinal studies incorporating
biochemical markers of iodine status are recommended to strengthen the evidence base and guide
targeted interventions.
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