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Electrochemical sensors for detection of thyroid hormones 
(TSH, FT-3, and FT-4): A promising approach 
for point-of-care monitoring and diagnosis 
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The accurate and timely detection of thyroid hormones, including thyroid stimulating hormone (TSH), 

free triiodothyronine (FT-3), and free thyroxine (FT-4), is crucial for the diagnosis and treatment of 

thyroid disorders such as hypothyroidism and hyperthyroidism. Traditional laboratory methods for 

hormone measurement, although reliable, are often time-consuming, expensive, and require specialized 

equipment. In contrast, electrochemical sensors offer a promising alternative, providing rapid, sensitive, 

and cost-effective detection of these hormones in a variety of clinical and home-settings. This review 

explores recent advances in electrochemical sensing technologies for TSH, FT-3, and FT-4, including the 

principles of operation, detection mechanisms, and the materials used in sensor design. We discuss the 

integration of bioreceptors, such as antibodies and aptamers, for specific hormone recognition, as well as 

various transduction methods, including amperometry, voltammetry, and impedance-based sensing. 

Furthermore, the review highlights the challenges and limitations of electrochemical sensors, such as 

interference from complex biological matrices, sensitivity issues, and the need for standardization. We also 

examine future trends, including the development of multiplexed sensors, nanomaterial enhancements, 

and the potential for wearable devices. Overall, electrochemical sensors for thyroid hormone detection 

represent a transformative approach to monitoring thyroid health, offering significant advantages in terms 

of speed, portability, and accessibility for point-of-care and real-time diagnostics. 
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1. Introduction 

Thyroid hormones �² thyroid stimulating hormone 

(TSH), free triiodothyronine (FT-3), and free thyroxine 

(FT-4) �² are vital regulators of numerous physiological 

functions in the human body, including metabolism, 

growth, energy production, and temperature regulation. 

These hormones are primarily produced by the thyroid 

gland, and their levels are tightly controlled by a 

complex feedback system involving the hypothalamus 

and pituitary gland [1�²3]. Imbalances in thyroid hormone 

levels can lead to a range of disorders, including 

hypothyroidism (insufficient thyroid hormone 

production), hyperthyroidism (excessive hormone 

production), and various autoimmune thyroid diseases. 

In clinical terms, hyperthyroidism is defined as the over 

activities, and hypothyroidism as poor activities of the 

thyroid gland in humans [4�²6]. Detecting and 

monitoring these hormone levels is therefore essential 

for accurate diagnosis, treatment planning, and long-

term management of thyroid-related conditions. Figure 1 

represents the location of the thyroid gland in humans. 

Conventional methods for measuring thyroid 

hormones, such as enzyme-linked immunosorbent assays 

(ELISA) [7, 8], radioimmunoassays (RIA) [9, 10], and 

high-performance liquid chromatography (HPLC) [11, 12], 

are widely used in clinical laboratories. Although 
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