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Insulin resistance and hyperinsulinemia
as pathophysiological links between
thyroid cancer and obesity. Review

G. Brenta

In recent decades, there has been a notable increase
in the prevalence of thyroid cancer, although the spe-
cific reasons for this have not yet been well defined [1,
2]. Early detection and over-detection are considered
to be major reasons for the increase, as mirrored in the
detection of microcarcinomas [3].

Environmental factors (radiation exposure, iodine
intake) and lifestyle factors are thought to be associ-
ated with the increase in prevalence [4].

Papillary and follicular carcinomas of the thyroid
fall under the category of well-differentiated thyroid
cancers, and form the bulk of thyroid malignancies [5].
Although obesity is known to be a risk factor for several
types of cancer (oesophagus, colon, kidney, breast, and
skin), the association between thyroid cancer and obe-
sity remains controversial [6, 7].

Thyroid cancer was shown to be correlated with body
mass index (BMI) mainly in females. Obesity, which is
defined as excess bodyweight, or a BMI > 30kg/m?, is
associated with an increased risk of diabetes, dyslipid-
emia, kidney disease, cardiovascular disease, all-cause-
mortality and cancer [7].

Insulin resistance (IR) is associated with a cluster
of risk factors for coronary artery disease, and it has
been recently implicated as an important factor for
cell proliferation [7]. Physiologically, insulin stimulates
the mitogenic pathway. Insulin is not only a metabolic
hormone but is also a growth factor [8]. The mitogenic
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pathway provides evidence as to why obese people
with high levels of insulin have an increased prevalence
of cancer [8]. Insulin triggers and stimulates cells to
grow. Individuals who suffer from hyperinsulinemia
have stable growth of cells, which leads to an increased
risk of mutations and cancer [8].

IR is characterized by an inadequate physiological
response of peripheral tissues to circulating insulin and
results in metabolic and hemodynamic disturbances
[8]. IR usually leads to type 2 diabetes mellitus [9], while
hemodynamic instabilities comply with the theory that
hyperinsulinemia and insulin resistance participate
early in the development of tissue damage and a pro-
gressive decrease in the elasticity of small arteries [9].
Furthermore, hyperinsulinemia tends to increase the
activity of the sympathetic nervous system, presenting
as a high pulse rate [10].

To identify eligible studies, the main search was
conducted in the electronic databases PubMed and
EMBASE, covering the period from conception until
2019 and using combinations of the key terms «thyroid
cancer», «obesity», «insulin resistance», «hyperinsu-
linemia». The main search was completed indepen-
dently by two investigators.

Three of the studies showed that there was a signifi-
cantincrease in the incidence of (TC) [11, 12]. However,
one study showed that when papillary microcarcino-
mas (PMCs) were excluded there was no such increase
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[11]. It also indicated that the increase in diagnosis
of PMCs was associated with increased sampling of
resected specimens [12]. Conversely, other studies
indicated that the incidence of large well-differentiated
thyroid cancers (WDTCs) and cancers with extrathy-
roidal and cervical extension had doubled [12, 13].
Tumours >4cm and those of distant Surveillance, Epi-
demiology, and End Results (SEER) stage disease had
also increased [12, 13].

Furthermore, other studies showed a significant
increase in TC prevalence with increasing BMI [14, 15].

Some srudies showed that this relationship was sig-
nificant only in women, not in men [16, 17], while others
showed that it was significant in both genders [15, 16]. It
is important to note that one of the studies showed that
in women above the age of 50, there was no association
between TC incidence and increased BMI [14].

Another study tested the association between obe-
sity and TC by studying the expression of leptin and
its receptor in papillary thyroid cancer (PTC) [18]. It
showed that expression of both proteins was associ-
ated with greater tumor size and that their coexpres-
sion was associated with a greater incidence of lymph
node metastasis [19]. On the other hand, another study
indicated that there was no significant association
between increased BMI and the risk of TC [20].

Some studies indicated that IR was positively associ-
ated with an increase in TC prevalence [21, 22]. They
showed that diabetes and IR were significantly more
common in patients with differentiated thyroid cancer
(DTCQ), respectively, compared with controls [23]. In addi-
tion to this, another study showed that the increased
prevalence of PTC was positively associated with IR [24].
One other study indicated that remission was more like-
ly to occur in patients without IR, and IR patients were
more likely to have structurally persistent disease [25].

The incidence of thyroid malignancy has increased
over the last 40 years. It has been suggested that this
increase is apparent rather than real, and a result of
a greater number of histological samples being anal-
ysed. Similarly, the use of high-resolution cervical US and
FNA has increased over the years, and this has likely led
to increased diagnosis of PTC, reflected in the current
increased incidence of all types of thyroid cancer [11].

Improved detection does not entirely explain the
growing incidence of thyroid cancer, however. If the
increase in thyroid cancer is solely based on better
diagnostic practices, there would be an increase only
in the identification of small tumors and subclinical dis-
ease, as the detection of large tumors does not require

the use of advanced screening technologies [10, 14].
In addition, there is a difference in the incidence trend
between various racial/ethnic groups. If the increase
in incidence is purely based on improved diagnostic
practices, such a difference would not exist [25].

Other data also suggests that patients diagnosed
with benign conditions (hyperthyroidism, thyroiditis,
goiter, and adenoma) have significantly elevated risks
of DTC [26]. Thus, there could be a detection bias
(incidental detection) during the follow-up of these
patients, which could also explain the increase in
incidence [27]. Various factors, such as environmental
influences and molecular pathways, could also be caus-
ing this rise in incidence. Hence, improved detection is
not sufficient to explain the increase in the incidence
of thyroid cancer, although it certainly has played an
important role in relation to small thyroid cancers.

There is a suggestive positive correlation between
obesity and thyroid cancer that could be explained
by several mechanisms, including gender, age, white
adipose tissue expansion, hyperinsulinemia, and hor-
monal dysregulation [15, 16]. Another indirect link in
the association between obesity and thyroid cancer is
the presence of thyroid nodules. Age, gender, BMI, and
diabetes were independently positively correlated with
the presence of thyroid nodules [28].

The histological analyses revealed that relative risk
of follicular carcinoma was higher than that of papil-
lary carcinoma with increasing BMI [29]. Other data
also suggest positive associations with thyroid cancer
risk for waist circumference, young-adult BMI, and
adulthood BMI gain [27]. There is a positive association
between thyroid cancer and high BMI in females under
50 years old, suggesting that age group has a higher
risk of thyroid cancer [4]. Adipose tissue is known to
have a relation with the hormone estradiol, and this
hormone increases cell proliferation in PTC, which plays
a significant role in menopausal women.

BMI, as an index, cannot distinguish fat from mus-
cle mass, which explains why some studies have not
found a correlation between BMI and thyroid cancer
[28]. It is also suggested that BMI is not reliable when
it comes to the elderly population. In older women
(post-menopause) there is a change in body composi-
tion — decreased bone density and muscle mass, and
increased fat mass (increased central adiposity) — that
may be masked by a normal BMI [29]. Many people
lose height in older age, due to kyphosis, shortening of
the vertebrae, or thinning of cartilage [30]. Hence, the
inclusion of height in the calculation of BMI can lead to
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an overestimation of obesity for this group [30]. Other
factors such as hypothyroidism can cause accumulation
of water and salts, which can increase the individual’s
weight. Because an increase in BMI is not always related
to excess fat accumulation and is not necessarily corre-
lated with obesity it is an unreliable measure [30].

IR was also found to be an important risk factor for the
development of DTC. Chronic subclinical inflammation
caused by obesity is another factor that contributes to
carcinogenesis and to the pathogenesis of IR [31].

To conclude, there is a suggestive correlation
between thyroid cancer, obesity, and insulin resis-
tance. These associations may be explained by vari-
ous proposed pathophysiological mechanisms. The
increased prevalence of thyroid cancer is not only due
to improved detection. Novel research should include
various anthropometric parameters, adipose tissue
measurements and genetics for a complete under-
standing of the pathophysiological associations.
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ABSTRACT
In recent decades, there has been a marked increase
in the prevalence of thyroid cancer. The incidence of
well-differentiated thyroid cancer (TC) has been increas-
ing dramatically over the last 20 years worldwide, and
TC is expected to be the fourth most common cancer
by 2030. The rapid increase in the detection rate of TCin
recent years has caused many changes in the manage-
ment of these malignancies. TC accounts for 3.4 % of
all cancers diagnosed annually worldwide. Some data
suggest that TC is increasing globally much faster than
other malignant lesions. This might be a consequence
of the widespread use of ultrasonography (US) exami-
nation and ultrasound guided fine needle aspiration
biopsy (UG-FNAB) procedures. Generally, this observa-
tion led to a globally highlighted discussion about the
causes of such a situation. Some authors say that the
higher incidence of TC is due to overdiagnosis. Others
believe that various additional factors may play a role
in this observation, such as obesity and an increased
exposure to ionizing radiation. This phenomenon has
paralleled the increase in the prevalence of obesity
worldwide, which is associated with insulin resistance.
Associations between these entities have been hypoth-
esized, mainly for older and female populations, but
they remain unclear. The aim of this review article was
to systematically review the literature in an attempt to
determine whether the increase in the prevalence of
thyroid cancer is due to obesity or due only to improved
detection with the better imaging techniques available.
A thorough literature search on PubMed and applica-
tion of selection criteria identified 14 appropriate stud-
ies. The detailed analysis of the data from these studies
indicated that there is a suggestive association between
thyroid cancer, obesity, insulin resistance and hyperin-
sulinemia for both genders. Therefore, the increased
prevalence of thyroid cancer is not dependent on
improved detection only. Further research should be
performed for complete understanding of the patho-
physiological associations, especially regarding adipose
tissue and genetics, but also for the improvement of

preventive public health policies.
Keywords: thyroid cancer, obesity, insulin resistance,

prevalence, diagnostics, nodules.
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PE3IOME

IHCyniHOpe3ncTeHTHICTb Ta rinepiHcyniHemin
AK natodisionoriuHnmn 38'A30K
MiXK pakom WwuTonoAi6Hoi 3anosn
Ta OXMpiHHAM. Ornag

I. Bpeuma

YHisepcumem byeHoc-Alpeca, ApeeHmuHa
JlikapHsa dokmopa Ce3apa MinswmelHa,
byeroc-Alpec, ApzeHmuHa

YNpoaoBX OCTaHHIX [eCATUAiITb CNOCTepiraeTbcA
3POCTaHHA MOLMPEHOCTI PaKy WUTOMNOAIGHOT 3an03Mm.
3axBOpPIOBaHICTb Ha AndepeHLioBaHNIA paK WUTOMNO-
Ai6Hoi 3ano3u (PLL3) pi3ko 3pocna NpoTAroM OCTaHHix
20 pokiB y Bcbomy ¢BiTi. OuikyeTbcs, wo go 2030 p. PLLU3
CTaHe 4eTBepTMM 3a MOLWMpPeHicTIo pakom. LBnake
36inblweHHA yacToTh BUaBneHHs PLLU3 octaHHiMK poka-
MU CNpUYMHUNO 6araTo 3MiH y NiKyBaHHI LMX 3/106Kic-
HuUX nyxnuH. Ha vactky PLL3 npunagae 3,4 % Big ycix
OHKOJIOTiYHUX 3aXBOPIOBaHb, AKi LWOPIYHO AiarHOCTY-
l0Tb y CBIiTi. leAki aaHi ceiguatb, Wwo nowupeHictb PLLU3
3pocTa€e B YCbOMy CBIiTi HabaraTo WBMALIE, HiX iHLWNX
3N10AKICHUX YpakeHb. Lle Mmoxe 6yTn Hacnigkom wmpo-
KOro BMKOPWUCTAHHA YNbTPa3BYKOBOIO AOC/IAXKEHHA
(Y3[) i ToHKOronkoBoi acnipauirtHoi 6ioncii nig KOHTp-
onem Y3[l. Peaynbtatin 6aratbox focnigkeHb npussenu
[0 rnobanbHoi AMCKYCIT NPO NPUYMHU Takoi cMTyauil.
HeAki aBTOpn CTBEpPAXKYIOTb, WO Bulla yactota PLI3

Jama Haoxo0xeHHs 00 pedakuii 02.10.2024 p.
Jama peuersysarHHa 21.11.2024 p.
Jama nidonucarHa cmammi 0o Opyky 02.12.2024 p.

MOACHIOETbCA riNepAiarHOCTMKOM. IHWI BBaXKatoTb, WO
AOAATKOBI YUNHHUKM MOXKYTb BifirpaBaTil ponb Y LibOMy
npoueci, HaNpuKNag, OXUPiHHA Ta NiABULWEHWI BNINB
iOHI3yBanbHOro BMMPOMIHIOBAaHHA. 3POCTaHHA Mowwu-
PEHOCTi OXMPIHHA B YCbOMY CBITi MOB'A3aHe 3 pe3nc-
TEHTHICTIO A0 iHCYNiHY. 3anpOnNOHOBAHO rinoTe3n npo
3B'A3KW MiXK LUMW ABMLLAMW, MEPEBAXXHO B OCIO noxu-
NOro BiKY Ta »KiHOK, afie BOHU He OBeAeHi.

MNpoBeageHO cucTeMaTUUYHWUIA OMNAA NiTepaTypwy, Wob
BM3HAUUTK, UM NoB'A3aHe 36iNblIeHHA MNOLWMPEHOCTI
paKy LWMTONORIOHOI 3an03U 3 OXUPIHHAM un nuwe
3 NONiNWeHHAM BUABIEHHA 3a AOMOMOIOI0 Kpalymx
AOCTYMHUX MeTOAIB Bi3yani3zauii. PeTenbHuin nowyk
nitepatypwu B 6a3i gaHux PubMed i 3actocyBaHHsA Kpu-
TepiiB Bigbopy ganu 3mory BuABUTU 14 BignoBigHUX
pocnigXeHb. [JleTanbHWUin aHani3s AaHnx Uux AoC/igXeHb
MoKasaB iCHYBaHHA 3B'A3KY MiX pakom wuTonogibHoi
3a103K, OXUPIHHAM, IHCYTIHOPE3UCTEHTHICTIO Ta rinep-
iHcyniHemielo pna oci6 ob6ox ctateil. TakuMm YMHOM,
3POCTaHHA MOWMWPEHOCTI paKy wuTonogibHoi 3ano-
31 He 3aNeXuTb Nuwe Bid MNOAINWeHOro BUABMEHHS.
HeobxigHo npoBecTn gocnigxeHHA Ana NoBHOro po3sy-
MiHHS1 nmaTodisionoriyHnx 3B'A3KiB, 0COGNMBO WOAO
YKUPOBOI TKAHNHW Ta reHeTUKK, a TaKOX ANA noninweH-
HA NONITMKM NPOodiNakTUKN rPOMaACbKoro 340PO0B'A.

KniouoBi cnoBa: pak WwmTtonoaibHoi 3a103u, 0XXnpiH-
HA, IHCYNiIHOPE3UCTEHTHICTb, NOLWKWPEHICTb, AiarHOCTU-
Ka, By3NOBi yTBOPEHHA.
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