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Abstract
Since evidence suggesting a direct link between mobile phone radiation and thyroid cancer is not conclusive, emerging studies indicate 
its biological effects on thyroid function among heavy users. The impact of mobile radiation on pediatric thyroid health warrants serious 
consideration as mobile technology becomes increasingly pervasive in children’s lives. The unique anatomical and physiological 
vulnerabilities present in children make them particularly susceptible to potential adverse effects from radio frequency electromagnetic 
radiation. Studies indicate a possible association between mobile radiation exposure and thyroid dysfunction. The complexity of interactions 
between mobile radiation, individual genetic backgrounds, and persistent health outcomes still needs several studies. 
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Introduction
Several epidemiological studies have reported an increase 
in thyroid disorders, which coincides with the rapid 
increase in mobile phone usage. Although the causal link 
remains unclear, the simultaneous rise suggests a need for 
further exploration of the underlying mechanisms (1). As 
mobile phone adoption surged, studies indicated rising 
incidences of hypothyroidism and goiter, raising questions 
about whether electromagnetic radiation might contribute 
to these trends (2). While some studies predominantly 
focused on cancer risks. However, other investigations 
began to consider the electromagnetic fields as a possible 
contributor to non-cancerous disorders, particularly 
thyroid dysfunction, sleep disorders, and metabolic 
irregularities (3). Mobile phones emit radiofrequency 
radiation, which falls within the nonionizing range of 
the electromagnetic spectrum. This form of radiation 
is considerably weaker than ionizing radiation, such as 
X-rays, which can cause DNA damage and subsequently 

lead to cancer (4). Therefore, concerns raised on the 
proximity of mobile phones to the thyroid gland, which 
is across with an enhanced exposure level. The increasing 
adoption of second-, third-, fourth-, and fifth-generation 
mobile technologies, which operate across a range of 
frequencies from 0.7 to 80 GHz, has sparked concerns 
regarding their potential biological effects (5). 

Children exhibit unique anatomical and physiological 
characteristics that render them particularly vulnerable 
to the effects of mobile radiation. Due to their smaller 
head size and thinner cranial bones, children can absorb a 
higher dose of radio frequency electromagnetic radiation 
compared to adults (6). Moreover, the water content in 
children’s bodies is higher, which facilitates increased 
absorption of radio frequency electromagnetic radiation. 
Research has demonstrated that a child’s brain can absorb 
radio frequency electromagnetic radiation two to three 
times more than that of an adult under similar exposure 
conditions (7). The thyroid gland plays a crucial role in 
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 Implication for health policy/practice/research/
medical education
The rapid proliferation of mobile technology has transformed the 
landscape of communication and entertainment, especially among 
children. As mobile devices have become integral to daily life, 
concerns about the health impacts of mobile radiation have emerged. 
Among the various health implications, the thyroid gland, vital for 
regulating metabolism and growth through hormone production, 
has arisen as a focal point of research. 

growth and development, making it potentially more 
vulnerable to disruptions during childhood. Since the 
thyroid gland is located near the head and neck area, 
children are subjected to more intense radiation exposure 
while using mobile devices, Likewise, the thyroid gland’s 
proximity to commonly used mobile devices increases 
the radiation absorption and potential disruption of 
thyroid function (8). Moreover, the developing endocrine 
systems of children, including the thyroid gland, may 
respond differently to environmental stressors such 
as electromagnetic radiation. This exposure during 
crucial growth periods raises concerns about long-term 
implications for thyroid health, metabolic function, and 
overall development (9). In this review, we aimed to explore 
the current research findings, underscore the biological 
mechanisms explaining the interaction of mobile radiation 
and thyroid function and structure, and specific studies 
that illuminate the biological vulnerabilities of pediatric 
patients.

Search strategy
For this study, we searched PubMed, Web of Science, 
EBSCO, Scopus, Google Scholar, Directory of Open 
Access Journals (DOAJ), and Embase, using different 
keywords such as mobile radiation, thyroid gland, thyroid 
dysfunction, thyroid health, metabolic function, pediatric 
thyroid health, radio frequency and electromagnetic 
radiation.

Mobile radiation and thyroid: a short look
Numerous epidemiological studies have investigated the 
association between cell phone usage and thyroid cancer 
risk, yielding mixed results. A case-control study by Lue 
et al in Connecticut found no significant correlation 
between cell phone use and thyroid cancer  (10). This 
assumption is echoed in other investigations, including 
a review conducted by the National Cancer Institute that 
examined cancer incidence in relation to the increased 
use of mobile phones over several decades. These studies 
found that thyroid cancer rates remained stable during 
a time of significant mobile phone adoption (11). These 
findings suggest a potential regulatory disruption in the 
hypothalamic-pituitary-thyroid axis, even if definitive 
cancer links remain unproven. Likewise, the study 
by Alkayyali et al focused on the association between 

radiofrequency radiation emitted by mobile devices 
and thyroid function tests. This study indicated that 
prolonged exposure to mobile phone radiation might lead 
to alterations in hormone levels, including TSH (thyroid-
stimulating hormone), T3, and T4. This finding implies 
that radiofrequency energy may impact the hypothalamic-
pituitary-thyroid axis, disrupting normal hormonal 
regulation, although the mechanisms are not fully 
understood (3). Also, the study by Elsayed and Jastaniah 
who intended to determine the direct relationship 
between mobile phone usage and thyroid hormone levels 
in a broader population context in Saudi Arabia. This 
study highlighted that over 29.4% of smartphone users 
experienced thyroid hormone abnormalities, in contrast 
to only 13.3% of non-smartphone users. The findings of 
this investigation indicated a strong association between 
mobile phone usage duration and potential disruptions to 
thyroid function, emphasizing its health concerns (1). 

Children’s thyroid glands are generally more sensitive 
to radiation than those of adults, including non-ionizing 
radiation from mobile phones. However, most studies on 
thyroid sensitivity to radiation have focused on ionizing 
radiation rather than specifically on mobile phone 
radiation (12). The increased sensitivity of children’s 
thyroids to radiation can be attributed to several factors. 
Children’s thyroid cells have a higher proliferative activity 
compared to adults. a study by Saad et al found that the 
rate of Ki-67 labeling, which indicates cell proliferation, 
was significantly higher in fetal and childhood thyroids 
compared to adult thyroids (13). There is a strong inverse 
relationship between age at exposure and the risk of thyroid 
cancer. Children exposed to radiation before age 10 have 
a higher risk of developing thyroid cancer compared to 
those exposed at older ages. Since children are likely to use 
mobile phones for many years, their cumulative exposure 
over a lifetime could be greater than that of adults who 
started using mobile phones later in life (14). 

The age at which children are exposed to radiation 
significantly affects their thyroid cancer risk, with younger 
children being more vulnerable. Children exposed to 
radiation before the age of 4 years have a fivefold greater 
risk per Gy of developing thyroid cancer compared to 
those exposed at ages 10-14 years (15). The risk of thyroid 
cancer is maximal for radiation exposure during the first 
years of life and decreases with increasing age at exposure. 
A study on thyroid cancer after external radiation therapy 
for childhood cancer found a 10-fold higher excess relative 
risk per Gy for those treated at age 0-1 year compared to 
those aged 15-20 years (16). The highest rates of thyroid 
cancer following the Chernobyl accident were observed 
among children who were 5 years of age or less at the 
time of exposure (17). The increasing dose-response 
trend for thyroid cancer risk was found to be greater at 
younger age at exposure and younger attained age. These 
findings consistently demonstrate that younger children, 
particularly those under five years old, are at the highest risk 
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for radiation-induced thyroid cancer. The risk decreases 
progressively with increasing age at exposure, becoming 
relatively low for individuals exposed after age 15 (18). 
Several studies have highlighted the differential impacts 
of mobile radiation on thyroid hormone levels in children 
compared to adults. Children have a greater susceptibility 
to hormonal disruptions due to their developing endocrine 
system. The thyroid gland in children is smaller in size 
but operates under dynamic conditions as it regulates 
growth and metabolic processes (19). Children exposed 
to radiofrequency electromagnetic radiation from mobile 
phones have demonstrated statistically significant changes 
in their thyroid hormone profiles compared to adult 
counterparts, who possess more stable white matter and 
mature neural pathways (9). For instance, the study by 
Reiners et al highlighted that excessive mobile radiation 
exposure raised TSH levels while simultaneously 
decreasing T4 in children, potentially contributing to 
a hypothyroid state (20). In adult populations, while 
radiofrequency exposure has been implicated in thyroid 
dysfunction, the hormonal perturbations tend to be less 
severe, possibly due to the thyroid gland’s maturity and 
adaptability (21). One significant investigation conducted 
a systematic review of the literature addressing the 
effects of radiofrequency electromagnetic radiation (RF-
EMR) on thyroid hormones. The findings indicated 
that children exposed to mobile radiation demonstrated 
altered serum levels of thyroid hormones, which may 
suggest an underactive thyroid or thyroid dysfunction 
(22). Additionally, histopathological changes have been 
documented in animal studies involving radio frequency 
electromagnetic radiation exposure, revealing alterations 
in thyroid follicular cells and apoptosis, which could 
have parallels in human pediatric outcomes (23). The 
interphone study also contributed to the discourse by 
examining the risk of brain tumors in adolescents, where 
findings suggested elevated risks for those who began 
mobile phone usage at an early age. While the primary 
focus was brain health, the implications for surrounding 
organs, including the thyroid, cannot be dismissed. Given 
the thyroid’s susceptibility to radiation, similar risks may 
be inferred (24).

Molecular mechanism of thyroid involvement by 
mobile radiation
The thyroid gland is sensitive to external stimuli, including 
electromagnetic radiation. Although radiofrequency 
radiation does not capable sufficient energy to induce 
direct DNA damage, however its thermal effects, causing 
localized heating near the tissues where the mobile phone 
is held, could lead to physiological changes (25). Such 
heating effects may influence thyroid hormone release, 
thus disrupting normal hormone signaling. This effect 
suggests that mobile radiation per self may not universally 
cause thyroid dysfunction or cancer, since genetic factors 
could interplay uniquely with radiofrequency radiation 

exposure, demanding further investigation (12). Several 
studies showed that, mobile phones emit non-ionizing 
electromagnetic radiation, is much weaker than ionizing 
radiation, such as X-rays. In addition to the above effects, 
ionizing radiation is known to cause direct DNA damage 
and non-ionizing radiation’s effects too (14,26). Following 
the use of cellphones, a localize heating of thyroid tissues, 
may alter metabolic processes, potentially affecting 
hormone release and function (27). Across with above 
findings, genetic susceptibility has a role in moderating 
the effects of mobile phone radiation on thyroid health, 
since, certain individuals may have inherent genetic 
predispositions that render them more susceptible to 
thyroid dysfunction when exposed to mobile phone 
radiation (12). 

Numerous studies found that mobile phone radiation 
affects thyroid hormones is through inducing oxidative 
stress (28). Oxidative stress occurs when there’s an 
imbalance between the production of ROS (reactive 
oxygen species) and the body’s ability to detoxify these 
reactive products. Elevated ROS levels can damage cellular 
structures, including DNA, lipids, and proteins, in thyroid 
cells, influencing their ability to synthesize and release 
hormones properly (29). This link between oxidative 
stress and thyroid dysfunction has been supported by 
studies that correlate increased oxidative markers with 
reduced thyroid hormone levels (30).

Long-term effects of thyroid dysfunction after radiation 
exposure
One significant long-term effect of radiation exposure is 
the increased risk of developing thyroid cancer. Studies 
have demonstrated a well-established link between 
exposure to ionizing radiation and the incidence of thyroid 
malignancies, particularly in children and adolescents 
(31). Epidemiological evidence indicates that the risk of 
thyroid cancer is significantly elevated following radiation 
doses as low as 50 mGy, notably when exposure happens 
throughout childhood (32). The types of thyroid cancers 
that have been most frequently associated with radiation 
exposure include papillary thyroid carcinoma (PTC), 
which have a prolonged latency period before symptoms 
manifest. This long latency period, typically ranging 
from 5 to 10 years, means that individuals exposed to 
radiation as children may develop cancer many years 
later, complicating the timeline for monitoring and 
treatment (15). Additionally, recent studies indicated 
that radiation-induced thyroid cancers often exhibit 
specific genetic alterations, such as mutations in the RET 
proto-oncogene and rearrangements leading to RET/
PTC fusion genes, which are associated with heightened 
malignancy (33). Another significant long-term effect of 
radiation exposure is the development of hypothyroidism. 
Following radiation therapy, particularly for cancers 
involving the head and neck, thyroid damage can lead to a 
gradual decline in thyroid function over time (34). It has 
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been established that the incidence of hypothyroidism 
increases significantly among individuals treated with 
external beam radiation, with estimations suggesting that 
around 26% of patients treated for head and neck cancers 
experience hypothyroidism within five years’ post-
treatment (35). Another important concern on radiation 
exposure can also predispose individuals to autoimmune 
thyroid disorders, such as Hashimoto’s thyroiditis and 
Graves’ disease. These conditions can emerge as a result 
of the immune system’s strengthened response following 
thyroid irradiation, leading to pathological changes in 
thyroid function (36). 

The developing endocrine systems in children suggest 
that chronic exposure could have significant effects on 
growth, metabolism, and cognitive functioning, which 
may not be as pronounced in adults (37). Research 
indicates that children exposed to mobile phone 
radiation may exhibit behavioral symptoms associated 
with thyroid dysfunction, such as attention deficits and 
increased anxiety levels (38). Adults, while still at risk, 
may present with symptoms more directly related to 
metabolic changes and thyroid disease, such as weight 
changes or fatigue (39). Evidence from research highlights 
that children experiencing thyroid dysfunction due to 
mobile radiation exposure may be at risk for developing 
symptoms of attention deficit hyperactivity disorder 
and other behavioral issues (38). A longitudinal study 
indicated that children with altered thyroid hormone 
levels exhibited higher rates of behavioral problems, 
which could persist into adolescence and adulthood, 
affecting academic performance and social interactions 
(40). As thyroid hormones are essential for normal 
growth and development during childhood, disruptions 
in thyroid function due to mobile radiation exposure can 
impair growth patterns, potentially leading to stunted 
physical growth and delayed developmental milestones 
(41). Research has found that children diagnosed with 
hypothyroidism early in life often face challenges related 
to both physical and cognitive growth, a concern that 
may be exacerbated by mobile radiation (42). Moreover, 
Studies have shown that children exposed to maternal 
hypothyroxinemia during pregnancy may demonstrate 
significant deficits in cognitive abilities, highlighting the 
potential long-term implications associated with thyroid 
dysfunction stemming from environmental factors, 
including mobile radiation exposure (43). Long-term 
thyroid dysfunction can increase the risk of metabolic 
disorders in children. Conditions such as obesity, insulin 
resistance, and metabolic syndrome have been associated 
with hypothyroidism and thyroid dysfunction (44). The 
interplay between thyroid hormones and metabolism 
underscores the significance of maintaining thyroid health, 
particularly in the face of mobile radiation exposure (45). 
Studies have indicated that thyroid dysfunction may lead 
to alterations in lipid profiles and glucose metabolism, 
raising the risk of metabolic syndrome in children who 

have experienced prolonged exposure to Radio Frequency 
Electromagnetic Radiation (46).

Thyroid symptoms following radiation exposure
Thyroid dysfunction in children can manifest through a 
variety of physical, cognitive, and behavioral symptoms. 
physical signs of thyroid dysfunction in children can 
vary significantly depending on whether the child is 
experiencing hypothyroidism or hyperthyroidism (47). 
in instances of hypothyroidism, the following signs are 
commonly slowed growth rate, fatigue and low energy, 
weight gain, dry skin and hair changes, sensitivity to cold 
(48). Conversely, hyperthyroidism can present with other 
symptoms, such as accelerated growth, increased appetite, 
heat intolerance and sweating, tremors and elevated 
heart rate (49). Given the serious implications of these 
symptoms, monitoring thyroid function in individuals 
exposed to high levels of radiation is crucial to delivering 
appropriate interventions and improving outcomes. 
Awareness of these signs can lead to earlier diagnosis and 
effective management, addressing potential complications 
stemming from thyroid dysfunction due to radiation 
exposure.

Conclusion
Various studies indicate a potential link between mobile 
phone use and thyroid dysfunction, suggesting that 
excessive usage may contribute to minor alterations in 
thyroid hormone levels. While direct causal relationships 
remain inconclusive, the evidence points to the necessity 
of further investigation into this pressing area of public 
health.
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