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Abstract
This review presents generalized epidemiological data regarding the prevalence of non-neoplastic thyroid pathology 

in developed and developing countries, particularly in iodine-deficient regions, and the effect of mass iodine prophyla xis 
on reducing the incidence and prevalence of thyroid diseases in these regions. In addition, the review presents data re-
garding the prevalence of subclinical hypo- and hyperthyroidism, in which according to the averaged data, one clinical 
manifestation of thyroid insufficiency accounted for 20 cases of unregistered subclinical hypothyroidism and one case 
of identified thyroid hyperfunction accounted for 15 cases of subclinical hyperthyroidism. Furthermore, this review de-
scribes methodological, clinical, and social difficulties in assessing the prevalence of thyroid pathology and presents the 
main nongenomic actions of thyroid hormones, which originated from the extracellular domains of a cell adhesion pro-
tein, integrin αVβ3, resulting in the activation of mitogen-activated protein kinase, phosphatidylinositol-3 kinase, and 
serine/threonine protein kinases. The cell and tissue response to this stimulation is the activation of cell proliferation, 
angiogenesis, cell migration, and increased tissue-specific proinflammatory gene expressions, which ultimately lead to 
the acceleration of cancer development and its natural history. The review reports data from epidemiological studies, 
which established a correlation between the thyroid status and incidence (prevalence) of malignant neoplasms. Popula-
tion-based studies have demonstrated that long-term hyperthyroidism increases the risk for developing malignant neo-
plasms of different localizations, particularly those of the breast, ovary, prostate, and lung.
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Thyroid gland (TG) disorders are the most 
frequent human pathology and have varying 
prevalence in different regions, which prima-
rily depends on the level of iodine consump-
tion. Previous epidemiological studies on TG 
dysfunction have had a number of restrictions, 
e.g., defining the concepts of overt and subcli-
nical hypo- or hyperthyroidism, sampling cri-
teria, structure of the population under study 
(by age, sex, genetic, and environmental cha-
racteristics), and methods for determining thy-
roid hormone levels [42].

Iodine deficiency as a risk factor for deve-
loping thyroid pathology

Almost one-third of the world population 
lives in iodine-deficient regions [44]. An iodine 
intake of <50 mg/day leads to an endemic dis-
tribution of goiter, and that of <25 mg/day may 
result in patients having hypothyroidism owing 
to iodine deficiency. The prevalence of goiter 
in severe iodine-deficient regions can be >80%. 

Iodine prophylaxis programs have demonstra-
ted effective results in reducing the prevalence 
of goiter, preventing goiter, and preventing the 
development of cretinism in children.

Functional TG autonomy may develop in 
nodular goiter, leading to the development of 
thyrotoxicosis, whose prevalence in this re-
gard can significantly increase at the begin-
ning of implementing mass iodine prophylaxis 
programs, particularly among people aged >40 
years. In addition, in this context, the preva-
lence of autoimmune thyroiditis may increase, 
with hypothyroidism as an outcome of autoim-
mune thyroiditis.

According to an Iranian study, with the ini-
tiation of measures and increased iodine con-
sumption, the prevalence of TG dysfunction 
can transiently increase in people with multi-
nodular goiter and functional TG autonomy, 
which develop because of chronic iodine defi-
ciency.
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Iodine-induced thyrotoxicosis most  often 
develops in people living in severe iodine- 
deficient regions, particularly if there is a rapid 
and excessive increase in iodine consumption 
[4]. This increase in the incidence rate is appa-
rently associated with the transfer of subclini-
cal forms of thyroid status disorders to clinical 
ones and the subsequent registering of the di-
sease [16, 20, 31].

Considering the importance of eliminating 
iodine deficiency diseases, in 1991, the World 
Health Organization Assembly stated that io-
dine deficiency as a global problem should be 
eliminated worldwide by 2000; however, it 
could not be implemented because of various 
reasons [31, 43].

Few studies have assessed the  prevalence 
of autoimmune TG diseases in iodine- deficient 
 regions [31, 42, 43]. For example, a Sicilian 
study investigated the prevalence of func-
tional TG autonomy depending on the io-
dine deficiency of the region. The prevalence 
of functio nal TG autonomy was significant-
ly higher in iodine-deficient zones (4.4% of to-
tal patients) than in iodine-rich zones (2.7%). In 
addition, a higher proportion of patients with 
nodular toxic goiter (NTG) were observed in 
iodine-deficient zones (1.3%) [8].

In 2014, a study (n = 6,252) conducted in 
Sardinia (a mild and moderate iodine-deficient 
region) reported the prevalence of goiter to be 
22.1%, that of overt hyper- and hypothyroidism 
to be 0.4% and 0.7%, respectively, and that of 
subclinical hypo- and hyperthyroidism to be 
4.7 and 2.4%, respectively [13].

In most cases, regions with normal iodine 
consumption report autoimmune TG disea-
ses such as primary atrophic hypothyroidism, 
Hashimoto thyroiditis (autoimmune thyroidi-
tis), and Graves’ disease.

Population-based studies conducted in Eu-
rope, the USA, and Japan have investigated 
the prevalence of hyper- and hypothyroidism, 
as well as the prevalence of antibody-carriers 
in various ethnic populations, predominantly 
Caucasian populations [42]. A cross- sectional 
population study (n = 25,862), which was star-
ted in 1995 in Colorado, USA (with a po-
pulation of 3,655,714), aimed to assess the 
prevalence and early detection of social-
ly significant di seases (e.g., arterial hyper-
tension, colorectal cancer, and glaucoma) in 
healthy people aged >18 years to determine 
thyroid-stimulating hormone (TSH) levels in 
all participants. The results revealed that the 
prevalence of hypo- and hyperthyroidism with 
clinical manifestations in participants with-

out previously diagnosed TG disease was 0.4% 
and 0.1%, respectively, and that of subclini-
cal hypo- and hyperthyroidism was 9.0% and 
2.2%, respectively. The research data reveal 
that 20 cases of subclinical hypothyroidism 
accounted for one unregistered clinical mani-
festation of TG insufficiency and 15 cases of 
subclinical hyperthyroidism accounted for one 
detected case of TG hyperfunction [11].

The multistage, multiethnic study, Natio-
nal Health and Nutrition Examination Survey 
III (NHANES III), which was conducted from 
1988 to 1994 in the USA and involved a sam-
ple (n = 17,353 over the age of 12 years) corre-
sponding to the demographic distribution of 
the general US population (population at the 
beginning of the study, 205,562,185) with each 
person representing a mathematically weighted 
ratio of people in the population, determined 
the prevalence of TG diseases by recording the 
average levels of TSH, total thyroxine (T4), and 
antibodies against thyroid peroxidase and thy-
roglobulin.

According to a study, the prevalence of hy-
pothyroidism in the general population was 
4.6% (overt, 0.3%; subclinical, 4.3%), which 
accounted for >9,500,000 people with unre-
corded TG insufficiency, and that of hyper-
thyroidism was 1.3% (overt, 0.5%; subclinical, 
0.7%), which accounted for 2,600,000 people 
with unrecorded hyperthyroidism [21].

Thyrotoxicosis syndrome is one of the most 
common conditions in endocrinology, with 
80%–90% of adult thyrotoxicosis cases and 
95% of pediatric cases presenting with diffuse 
toxic goiter (DTG) [38].

Regarding prevalence, the most common 
cause of thyrotoxicosis is Graves’ disease, fol-
lowed by a multinodular toxic goiter and  rarer 
causes such as solitary toxic adenoma and 
thyroiditis. However, in a prospective mul-
ticenter study (17 centers across six Europe-
an countries), among all thyrotoxicosis cases, 
9.2%, 59.6%, and 31.2% of patients were diag-
nosed as having autonomic adenoma of TG, 
Graves’ disease, and unclassified hyperthy-
roidism, respectively. According to the study, 
autonomic adenoma of TG was more common 
in iodine-deficient regions (10.1%) than in io-
dine-sufficient regions (3.2%) [32].

Although the peak incidence of Graves’ 
disease occurs between 20 and 49 years of age, 
in some ethnic groups, it occurs in the older 
age (after 60 years) [9, 31, 42]. In epidemiolo-
gical studies, individual causes of thyrotoxi-
cosis are rarely considered separately, usually 
they are all combined together. The officially 
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reported incidence rate of TG hyperactivity in 
males is 2.1 and 22.0 per 100,000 people per 
year in Spain and Scotland, respectively, and 
that in females is 23.4 and 99.0 per 100,000 
people per year in New Zealand and Scotland, 
respectively. These data only approximate the 
actual picture and depend on the availability 
of the population register and/or the universi-
ty clinic dealing with this issue, as well as the 
state or foundation programs [31].

In addition, in studies different points of 
distribution/separation of patients depending 
on the TSH level were used, which ranges from 
0.1 to 0.5 mU/L and affects the intermediate 
and final results of the studies.

Furthermore, the provision of regions with 
iodine is crucial because even its moderate 
deficit leads to a manifold increase in thyroto-
xicosis caused by NTG, and this difference 
manifests itself in the older age groups (≥50 
years) [42].

Problems in diagnosing DTG
DTG is one of the most common TG disea-
ses that affect females 7–10 times more of-
ten than males. The prevalence of DTG in the 
gene ral population is quite high and reaches up 
to  2%–5% depending on the region; the inci-
dence rate is 5–7 per 100,000 people per year 
[42]. However, according to cohort studies, 1–3 
 cases of subclinical hyperthyroidism account 
for one case of overt hyperthyroidism, reach-
ing a prevalence of 1%–6% in the general po-
pulation [29, 35, 45].

The challenges in diagnosing TG include 
the special aspects of detecting antibodies 
against the TSH receptor, for which radiore-
ceptor and biological methods are used. The 
radioreceptor assay is based on the suppres-
sion of patients’ serum by binding the radio-
active TSH to its receptor under the action of 
these antibodies. The advantages of the cur-
rently available radioreceptor methods for de-
tecting antibodies against the TSH receptor are 
their sensitivity, specificity, relatively low cost, 
and the speed of obtaining the results.

However, the radioreceptor method does 
not provide any data regarding the type of an-
tibodies, such as whether they are stimulating, 
blocking, or neutral, which is crucial for diag-
nosing DTG [30].

Although biological methods are  highly 
sensitive and specific for detecting thyroid- 
specific antibodies in scientific research, their 
results in routine clinical practice are quite va-
riable. Thus, the sensitivity of techniques used 
for determining thyroid-specific antibodies 

was 56%–91% when biological methods were 
used in multicenter studies [17].

Prevalence of subclinical forms  
of TG diseases
According to official statistics, the prevalence 
of thyrotoxicosis among females in regions 
with normal iodine consumption is 0.5%–2%, 
which among males is 10 times less [5].

In the paradigmatic Whickham Survey 
published in 1977, according to randomly se-
lected samples from 2,779 adults who matched 
the UK population with regard to age, sex, and 
social class, the prevalence of undiagnosed 
thyrotoxicosis was 4.7 cases per 1,000 females. 
Diagnosed and/or previously treated thyroto-
xicosis was observed in 20 per 1,000 females 
or in 27 per 1,000 if the possible unac counted 
cases were considered. Likewise, the rate for 
males was 1.6–2.3 per 1,000; previously un-
diagnosed cases of thyrotoxicosis were not 
identified among males of the Whickham co-
hort, and the average age of diagnostics was 48 
years.

After 20 years, researchers reexamined 
1,877 survivor patients of this study to deter-
mine the risk factors and mortality causes; 
however, except the female sex, no other sig-
nificant risk factors were identified for thyroid 
pathology [41].

In the Copenhagen crossover study, 4,073 
randomly enrolled participants included 65% 
of the registered (2,656 males and females) 
aged 41–71 years. The prevalence of hyperthy-
roidism before the study was 1.4%, whereas 
that after the study was 3.3%; 1.9% of hyper-
thyroidism cases were detected, of which 1.3% 
were subclinical hyperthyroidism cases [24].

In a Japanese study that screened 1,818 
healthy adults (804 males and 1,014 females; 
mean age, 51.3 ± 9.0 years), hypothyroidism 
was observed in 12 (0.7%) patients, subclinical 
hypothyroidism in 105 (5.8%), clinical thyro-
toxicosis in 13 (0.7%), and subclinical thyro-
toxicosis in 39 (2.1%). In addition, elevated 
titers of antithyroid antibodies were recorded 
in 17.7% of males and 31.4% of females. The 
prevalence of positive test results for antithy-
roid antibodies without thyroid enlargement 
was 14.8% among males and 23.4% among 
females. The authors concluded that the in-
cidence rate of TG dysfunction in Japanese 
adults, who did not demonstrate changes in the 
thyroid status, was up to 10% of the total adult 
population [22].

A large population study conducted in Ty-
neside, Scotland, revealed 620 new thyrotox-
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icosis cases, with the incidence of new cases 
at 0.77 per 1,000 females [95% confidence in-
terval (CI), 0.7–0.84] and 0.14 per 1,000 males 
(95% CI, 0.12–0.18) per year [16]. The inci-
dence rate of new thyrotoxicosis cases in-
creased with age and was 2–8 times higher 
among females than among males. A recent ad-
ditional analysis of the Thyroid Epidemiology, 
Audit and Research Study revealed that the in-
cidence rate of new thyrotoxicosis cases is in-
creasing among females because of the rise in 
autoimmune diseases among the general po-
pulation [28].

As early as in 1984, epidemiological re-
search data published with a subtotal coverage 
of the adult population of 12 cities in England 
and Wales revealed that the incidence rate of 
thyrotoxicosis, mainly caused by NTG, corre-
lated with the prevalence of endemic goiter in 
these regions [7].

Furthermore, a Danish comparative study 
of the incidence of hyperthyroidism in East Jut-
land (iodine-deficient region) and Iceland (io-
dine-sufficient region) serves as a confirmation 
of the influence of iodine availability in the re-
gion. The study demonstrated that hyperthy-
roidism was more common in East Jutland than 
in Iceland because of a much higher incidence 
rate of multinodular toxic goiter, and most pa-
tients with these diseases were aged >50 years. 
Conversely, the prevalence of Graves’ di sease 
was significantly higher in Iceland than in 
East Jutland, and this difference was most pro-
nounced in younger age groups, where hyper-
thyroidism in Iceland was more than two times 
as frequent as that in East Jutland [27].

An epidemiological study in Pescopaga-
no (the Lucan Apennines, Italy, which is an io-
dine-deficient region in the absence of iodine 
prophylaxis; population, 2,248 people) exa-
mined 1,411 residents, including 419 children 
(215 boys and 204 girls) aged 1–14 years, ac-
counting for 94.1% of the population in this 
age group, and 992 adults (573 females and 419 
males), accounting for 72.5% of the population 
in this age group. The results revealed that the 
prevalence of endemic goiter was 16.0% among 
children and 59.8% among adults. In addition, 
the prevalence of hyperthyroidism, including 
functional autonomy of TG (n = 31) and DTG 
(n = 36), was 4.7%, and more than half of the 
DTG cases were detected for the first time. Of 
note, although functional thyroid autonomy 
was not observed in children, its proportion 
gradually increases with age, reaching 15.4% 
in the elderly (>75 years). The prevalence of 
clinical and subclinical hypothyroidism in 

adults amounted to 0.2% and 3.8%, respective-
ly. Elevated levels of autoantibodies against 
TG and thyroperoxidase were found in 12.6% 
of patients. The authors of the study concluded 
that iodine-deficient regions reported a gradu-
al increase in the age-related prevalence of en-
demic goiter, NTG, and DTG. The frequency 
of hyperthyroidism was two times higher in io-
dine-deficient regions than in iodine-sufficient 
regions, primarily because of a significant in-
crease in the specific gravity of NTG [3].

Furthermore, a Chinese study (n = 3,018) 
demonstrated the difference in the prevalence 
of hyperthyroidism among three regions with 
different iodine consumption levels; subclini-
cal hyperthyroidism was observed in 3.7% and 
3.9% of cases in two iodine-deficient regions 
and 1.1% in the iodine-sufficient region [39].

In developing countries, only a small num-
ber of studies were conducted on the epidemi-
ology of thyroid diseases [31]. For example, 
a study was conducted on the prevalence of 
thyroid pathology in an urban community of 
Teheran at 6–7 years after examining patients 
(n = 1,999) with a previously reported absence 
of thyroid pathology by determining the le-
vels of TSH and antibodies against thyroid per-
oxidase (TLGS study). The prevalence of TG 
functional abnormalities in 808 randomly se-
lected patients without a thyroid disease his-
tory was as follows: clinical hypothyroidism, 
0.28% in females and 0.21% in males; subcli-
nical hypothyroidism, 11.59% in females and 
4.69% in males; clinical hyperthyroidism, 1.4% 
in females and 0.21% in males; and subclinical 
hyperthyroidism, 5.72% in females and 3.62% 
in males [14].

A Mexican two-center study of the adult 
population aged 18–71 years reported the pre-
valence of undiagnosed hypothyroidism and 
hyperthyroidism to be 4.98% and 1.8%, respec-
tively [33].

The only data on the population of the Ne-
groid race was obtained in a Johannesburg study 
(Republic of South Africa), where a 10-fold low-
er incidence of thyrotoxicosis was found among 
ethnic Africans than among ethnic Europe-
ans (0.09 per 1,000 females and 0.007 per 1,000 
males per year) [31, 42].

Since the introduction of new food quali-
ty standards in Switzerland in 1980, iodide lev-
els in table salt were increased from 7.5 to 15 
mg/kg. By 1989, an investigation of the change 
in the incidence of hyperthyroidism in the po-
pulation of approximately 109,000 people re-
vealed that the incidence rate decreased by 
56%, which was associated with a decline in 
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the incidence rate of UTZ (decrease by 73%) 
and a lower incidence of Graves’ disease (de-
crease by 33%). Notably, in the first 1–2 years, 
the registration of new hyperthyroidism cases 
increased by >20%, which is mainly attribu ted 
to the manifestation of subclinical forms of di-
seases [5].

Thus, according to existing literature, the 
general prevalence of subclinical hyperthyroi-
dism, excluding the unregistered overt thyro-
toxicosis cases whose prevalence is 1.5–2 times 
higher than that in official statistics according 
to the minimum calculations, ranges from 1.0% 
to 9.7% depending on the region, and it is the 
highest among people aged >50 years. Among 
risk factors, only female sex can be implicitly 
defined because females are 5–10 times more 
likely to be diagnosed as having autoimmune 
diseases than males [9, 23, 42].

Hyperthyroidism and risk of cardiovascu-
lar pathology
Hyperthyroidism, particularly subclinical hy-
perthyroidism, is a significant risk factor for 
the progression of cardiovascular diseases, 
mainly because of rhythm and conductivi-
ty disorders, as well as osteoporosis owing to 
the disorder of calcium metabolism [23]. Based 
on the Beijing cohort study, subclinical hyper-
thyroidism occurs in only 7.1% of patients with 
cardiomyopathy and is indicated by an inde-
pendent risk factor for death owing to cardio-
vascular diseases, which increases the risk by 
38.2% [29].

A Danish study conducted from 2000 to 
2009 revealed an increase in mortality owing 
to all causes in the case of clinical and subcli-
nical hyperthyroidism, with their related risk 
(RR) reported to be 1.25 (95% CI, 1.15–1.36) 
and 1.23 (95% CI, 1.16–1.30), respectively, com-
pared with euthyroidism. In addition, the risk of 
an adverse cardiovascular event in clinical and 
subclinical hyperthyroidism was 1.16 (95% CI, 
1.05–1.27) and 1.09 (95% CI,  1.02–1.16), respec-
tively. A decline in mortality owing to all caus-
es was observed in subclinical hypothyroidism 
(TSH level, 5–10 mIU/L), with RR reported to 
be 0.92 (95% CI,  0.86–0.98) [35].

A secondary analysis of the study revealed 
that subclinical hyperthyroidism is a risk fac-
tor for atrial fibrillation (RR, 1.41; 95% CI, 
 1.25–1.59), whereas hypothyroidism reduced 
the risk of atrial fibrillation [34].

A prospective South Korean cohort study 
(n = 212,456) with a median follow-up of 4.3 
years, conducted from 2002 to 2009, enrolled 
urban residents who did not have a thyroid his-

tory and had registered normal thyroid hor-
mone levels. The analysis of mortality (730 
deaths, including 335 owing to malignant tu-
mors and 112 owing to cardiovascular disea-
ses) revealed that the free T4 level was inversely 
proportional to the overall mortality risk (RR, 
0.77; 95% CI, 0.63–0.95; p = 0.01), and the free 
triiodothyronine (T3) level was inversely pro-
portional to mortality owing to malignant tu-
mors (RR, 0.62; 95% CI, 0.45–0.85; p = 0.001), 
particularly that owing to hepatocellular carci-
noma [45].

Nongenomic effects of thyroid hormones
At the end of the twentieth century, Davis 
et al. discovered and subsequently assessed 
nongenomic mechanisms of TG action that 
was initiated by the receptors of plasma mem-
branes for T3 and T4, located on the aVb3 in-
tegrin [12], which is expressed on the surface 
of leukocytes, platelets, and epithelial and en-
dothelium cells, providing interaction between 
cells and leukocytes with biological surfaces.

Nongenomic mechanisms include TG stim-
ulation without the participation of gene tran-
scription of mitogen-activated protein kinase, 
phosphatidylinositol-3-kinase, and se rine-
threonine kinase, thereby promoting tumor 
progression, namely angiogenesis, cell pro-
liferation, and cell migration [1, 2, 12]. In 
addition, iodothyronines can stimulate ti ssue-
specific proinflammatory gene expressions 
in a dose-dependent manner, thereby provid-
ing a systemic proinflammatory effect, which 
at the tissue and organ level results in an im-
munopathological process. Given the systemic 
proinflammatory effect of TG, prolonged hy-
perthyroidism may contribute to the onset of 
a chronic inflammatory reaction that makes 
cells more susceptible to malignancy [1, 2].

Hyperthyroidism and risk of malignant 
neoplasms
Epidemiological studies conducted in the last 
decades of the twentieth century on the North 
American continent demonstrated that a hyper-
thyroidism history increases the relative risk of 
ovarian cancer by 80% and that of breast can-
cer by 45%–60%, adjusted for risk factors (e.g., 
sex, age, race, use of oral contraceptives, body 
mass index, smoking, and glucose metabolism 
disorder) [1].

A retrospective case–control study (San 
Francisco, USA) conducted among patients 
with pancreatic cancer (n = 532) between 1995 
and 1999 demonstrated that compared with 
the control group (n = 1,701), the group with 
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a history of thyroid disease and hyperthyroi-
dism has an increased risk of developing ma-
lignant TG tumors [odds ratio (OR), 2.2; 95% 
CI,  1.1–4.2 and OR, 2.1; 95% CI, 1.0–4.2] [25].

The 30-year follow-up data obtained from 
females (Massachusetts, USA) with TG di-
seases (n = 7,338) demonstrated that a hyper-
thyroidism history (95% CI, 0.8–1.4) increases 
the relative risk of death owing to malignant 
neoplasm by 1.2 times, that owing to pancre-
atic cancer by 2.6 times (95% CI, 1.4–4.3), that 
owing to lung cancer by 2.2 times (95% CI, 
1.3–3.5) [18].

A prospective, randomized, crossover study 
was conducted in Finland from 1985 to 1989 
among smokers (n = 29,133) aged 50–59 years 
who were diagnosed as having malignant tu-
mors as of 2005 according to the National Can-
cer Registry (patients with prostate cancer, 
401; people in the control group, 800) and the 
hormonal examination performed at the enroll-
ment; the study results revealed a correlation 
between the thyroid status and the subsequent 
risk of prostate cancer. A lower risk of pros-
tate cancer was observed in patients with eu-
thyroidism having a relatively high TSH level 
(tendency to hypothyroidism) than in those 
having a low TSH level, namely TSH levels of 
≥2.2 mIU/mL and TSH levels of ˂2.2 mIU/mL, 
respectively (RR, 0.70; 95% CI, 0.51–0.97; 
p = 0.03). In this study, patients with labora-
tory-diagnosed hypothyroidism had a lower 
risk of developing prostate cancer than those 
with euthyroid (RR, 0.48; 95% CI, 0.28–0.81; 
p ≤ 0.006) [26].

A noteworthy prospective study (Malmö 
Preventive Project) with an average follow-up 
of 19.3 years and a total study power of 51,989 
person-years, which was conducted among 
2,696 females, demonstrated that T3 basic levels 
within the reference values (0.9–3.2 mmol/L) 
correlated with the risk of breast cancer.

In 1983-1984 and 1990–1992, the serum 
T3 level was determined depending on the 
birth year of patients, and the incidence rate of 
breast cancer was determined according to the 
Swedish Cancer Registry.

A subsequent statistical processing of the 
data of 2,185 patients, with T3 levels deter-
mined within the framework of the preexist-
ing prevention program in Sweden, enrolled 
10,902 participants (study power 52,579 per-
son-years; average follow-up, 24.1 years) as of 
December 31, 2010; it revealed that the risk of 
breast cancer in patients with T3 levels within 
the upper quartile of the reference values was 
2.80 (95% CI, 1.26–6.25). However, the risk of 

death owing to breast cancer in this group was 
significantly different only among postmeno-
pausal females (RR, 3.73; 95% CI, 1.69–8.22; 
p ≤ 0.001).

Based on regression analysis, the authors 
concluded a positive correlation between the 
T3 level and the risk of death owing to breast 
cancer, but they also found that the T3 level 
did not affect the risk of death owing to  other 
causes [40].

In 1995, a prospective study in Norway with 
a median follow-up of 9 years enrolled 29,691 
patients (19,710 females and 9,980 males) from 
92,936 people in the Northern Trondelag pro-
vince to investigate TSH levels. TSH levels 
were determined in all females aged ≥40 years, 
randomly in 50% of males aged >40 years, and 
in 5% of males and females aged 20–40 years. 
The exclusion criteria of the study were previ-
ously diagnosed malignant neoplasms and/or 
any thyroid disease and lack of data regarding 
harmful habits.

The results revealed that subclinical hyper-
thyroidism increases the relative risk of deve-
loping malignant neoplasms by 1.34 times (95% 
CI, 1.06–1.69), particularly lung cancer by 2.34 
times (95% CI, 1.24–4.4), prostate cancer by 
1.97 times (95% CI, 1.04–3.76), colon cancer by 
1.38 times (95% CI, 0.7–2.73), and breast cancer 
by 1.2 times (95% CI, 0.67–2.16) [19].

A longitudinal cohort epidemiological 
study was conducted in Sweden with the objec-
tive of investigating the cancer incidence rate 
among patients who were diagnosed as having 
Graves’ disease (n = 18,156) between 1964 and 
2006. The study results revealed that a malig-
nant neoplasm was diagnosed in 1,495 (8.2%) 
patients with an average age of 17 years (from 
0 to 42 years). The study excluded patients in 
whom a neoplasm was simultaneously diag-
nosed with a thyroid disease, resulting in 1,259 
patients with cancer (1,018 females and 241 
males). Thus, compared with the general popu-
lation, the relative risk of developing malignant 
neoplasms was 1.13 (95% CI, 1.07–1.19), and 
with a burdened general oncological heredity, 
the relative risk was 1.66 (95% CI, 1.14–2.35). 
In addition, the relative risk of developing ma-
lignant neoplasms of the head and neck was 
1.56 (95% CI, 1.08–2.2), whereas that of deve-
loping malignant neoplasms of the breast was 
1.14 (95% CI, 1.03–1.26) [36].

Conclusions
A sufficient number of experimental and clin-
ical data are currently accumulated regarding 
the pro-cancer-inducing properties of thyroid 
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hormones, which are mediated because of the 
combination of genomic and nongenomic ef-
fects and the activation of their pro-prolifera-
tive, proangiogenic, and genotoxic effects on 
cells so that, when considering action of io-
dothyronines within a stochastic theory of tu-
mor development, it leads to acceleration of the 
“natural history of tumor development.”

With regard to the hierarchical theory of tu-
mor development, systemic proinflammatory 
and immunomodulatory action of thyroid hor-
mones can elucidate the acceleration of tumor 
dissemination and progression by the forma-
tion of “pre-niches” and “niches” for stem tu-
mor cells.

Existing epidemiological and clinical stu-
dies suggest that hyperthyroidism, including 
subclinical hyperthyroidism, may be a risk fac-
tor for the occurrence of malignancies. In ad-
dition, it is an independent prognostic factor of 
response to treatment and the risk of disease 
recurrence in patients with malignant tumors.

Currently, there is considerable evidence 
that DTG is a genetically determined disease 
that is associated with polymorphism and/or 
mutation of several genes, including those en-
coding proteins of the major histocompatibility 
complex and pro- and antiinflammatory inter-
leukins [36, 43]. Moreover, it is essential to un-
derstand that known external agents, which 
are known risk factors of malignancies (e.g., 
smoking and use of talc), can trigger autoim-
mune processes because of epigenetic regu-
lation, which in turn, can be a risk factor for 
DTG [37]. In view of this, there arises a rather 
logical question regarding the role of polymor-
phism (mutation) of genes and/or disorders epi-
genetically mediated by these genes, associated 
with DTG and/or other autoimmune pathology 
in carcinogenesis.

In contrast, considering the significant role 
of iodothyronines in neurogenesis and the me-
tabolism of neural tissues, even subclinical in-
sufficiency of the thyroid endocrine function 
becomes a risk factor for developing neuropsy-
chic diseases. Sufficient clinical and epidemio-
logical data currently suggest that subclinical 
hypothyroidism is a risk factor for the develop-
ment and progression of depression and other 
bipolar personality disorders [6, 31].

Because no current studies assess the im-
pact of the thyroid status on the quality of life 
of patients with malignant neoplasms, futures 
studies should assess the quality of life of pa-
tients with cancer and thyroid dysfunction.

Furthermore, decompensated hypothyroid-
ism is a risk factor for the progression of al-

ready existing cardiovascular diseases because 
of mediated hyperhomocysteinemia, dyslipi-
demia, and endothelial dysfunction [15, 16]. 
Despite the fact that extensive population stud-
ies do not state hypothyroidism to be a risk fac-
tor for death owing to cardiovascular diseases 
[5, 10, 11, 23, 34], subsequent assessment of the 
influence of iodothyronine levels on the sur-
vival rate of patients with cancer should inves-
tigate the “pumping causes of death” because 
of increased mortality owing to cardiovascular 
diseases. In contrast, the cardiovascular disea-
ses prevention system is stratified by risk fac-
tors and is relatively simple and sufficiently 
studied. Hence, the effect of the thyroid status 
on cancer and somatic risk, the quality of life 
of a patient with cancer, and their interrelation-
ship warrant further investigation.

The study was supported by a grant from 
the Government of St. Petersburg.
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