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Abstract

insulin resistance.

Backgrounds: In recent years, many studies have shown that insulin resistance is related to the occurrence of thyroid
cancer, but there are few reports on whether the two are related under the premise that thyroid function is normal
and the metabolic components related to insulin resistance are excluded. This study aims to analyze the insulin resist-
ance of patients with differentiated thyroid cancer after excluding the population with abnormal metabolic compo-
nents, and to study the risk factors of thyroid cancer in this population.

Methods: 61 subjects diagnosed with differentiated thyroid carcinoma (DTC) formed the DTC group and 262 sub-
jects with benign nodules formed the control group. Body mass index (BMI, kg/m2), waist circumference (WC), lipid
profiles, and free T3 (FT3), free T4 (FT4), thyroid-stimulating hormone (TSH), thyroid peroxidase antibody (TPOAD), thy-
roid globulin antibody (TGAD), alanine transaminase (ALT), aspartate aminotransferase (AST), fasting plasma glucose
(FPG), fasting serum insulin and homeostatic model assessment of insulin resistance (HOMA-IR) levels were measured.

Results: Mean subjects age (P=0.021), BMI (P=0.049), WC (P=0.01), serum insulin concentration (P=0.006), and

HOMA-IR level (P=0.005) were significantly greater in the DTC group than in the control group. Multivariate binary

logistic regression analysis identified advanced age (OR=1.027 [1.003-1.051], P=0.029) and an increased HOMA-IR
level (OR=1.572[1.277-1.935], P<0.001) as significant risk factors for thyroid cancer.

Conclusions: IR may increase the risk of thyroid cancer development even in the absence of conditions affecting
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Introduction

The incidence of thyroid cancer has continued to
increase worldwide in recent decades, primarily due to
the increased incidence of differentiated thyroid carci-
nomas (DTCs), and more specifically, papillary thyroid
carcinomas (PTCs) [1]. Although the reasons behind this
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increase remain unclear, environmental factors have been
studied as potential causative factors in recent years. For
example, one study showed that obesity is closely associ-
ated with thyroid cancer [2]. Other studies have shown
that there is significant correlation between DTC and
insulin resistance [3]. Akker et al. determined that obe-
sity and high homeostasis model assessment of insulin
resistance (HOMA-IR) levels are more important in the
development of DTC than IR-related polymorphisms [4].
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However, additional associative data revealing the effect
of IR on the development of thyroid cancer are lacking.

Body mass index (BMI) is a measure of weight relative
to height (kg/m2) that indicates body fat composition,
and the World Health Organization (WHO) recom-
mends a median BMI in the range of 21-23 kg/m2 for
optimal health among adults. For most individuals, the
general indication is to maintain a BMI in the range of
18.5-24.9 kg/m2, given that many studies have demon-
strated increased risks of comorbidities in individuals
with BMIs ranging from 25.0-29.9 kg/m2 and moderate
to severe risks of comorbidities in individuals with a BMI
greater than 30 kg/m2 [5, 6]. Obesity and overweight
are risk factors for cancer in 13 body parts [7]. Meta-
bolic syndrome (MetS) is widespread around the world,
it is a cluster of metabolic abnormalities that has been
recognized as a risk factor for vascular events as well as
an increased overall mortality [8]. Studies on MetS have
strongly suggested a central role for IR. IR specifically has
been reported to be a risk factor in breast and endome-
trial cancer, hepatocellular carcinoma, colorectal cancer
[9-12]. Insulin-like growth factor-1 (IGF-1) pathway has
been suggested to be associated with canceration and
cancer progression [13].

Although some studies have investigated the effect of
IR in the development of thyroid cancer [14], little infor-
mation is available regarding their association between
insulin resistance and thyroid cancer in euthyroid sub-
jects without insulin resistance-related risk factors such
as diabetes mellitus, a past history of cardiovascular dis-
ease, and hypertension. The incidence of thyroid cancer
is expected to increase gradually from that in the obese
population to that among individuals with impaired glu-
cose tolerance through to that among individuals with
early stage type 2 diabetes placed under diet control
without pharmacological intervention [15]. The aim of
this study was to investigate any relation between IR and
thyroid cancer in subjects without IR-related risk factors.
A secondary objective was to explore factors associated
with thyroid cancer in this population.

Materials and methods

Study design

The study was a cross-sectional study in subjects with
euthyroid nodular diseases. We collected data for 398
subjects with thyroid nodules who underwent cytologi-
cal biopsy of the thyroid gland and the biopsy results
were clear (Bethesda II+V 4 VI) at the Second Hospital
of Dalian Medical University between February 2018 and
March 2020. In the study population, we used the Thy-
roid Imaging Reporting and Data System (TI-RADS) by
the American College of Radiology (ACR) for assessing
nodule risks for decision-making on biopsy, ultrasound
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judged TI-RADS3 nodules larger than 1 cm, and TI-
RADS4 and above nodules larger than 5 mm were con-
sidered for puncture. The study was approved by the
medical ethics committee of our hospital, and all par-
ticipants provided informed consent. Of the 398 subjects
with thyroid nodules who underwent cytological biopsy
of the thyroid gland at our hospital, 23 subjects were
excluded due to the presence of hypertension; 5 subjects
were excluded due to a past history of polycystic ovary
syndrome (PCOS) and a family history of diabetes; 9 sub-
jects were excluded due to a past history of cardiovascu-
lar disease or having electrocardiographic abnormalities
suggestive of coronary artery disease; 3 subjects were
excluded due to use of thyroid medication; and 5 subjects
were excluded due to a diagnosis of infection; subjects
with the symptoms of diabetes and a fasting plasma glu-
cose 7.0 mmol/L or greater were excluded from the study.
If subjects had no symptoms and a FPG was 7.0 mmol/L
or greater, then they had a second measurement, and if
the FPG again was 7.0 mmol/L or greater, then they were
excluded from the study. Thus 30 diabetic subjects were
excluded, and all included subjects had a FPG less than
7.0 mmol/L. The final study population was divided into
two groups according to the diagnosis of DTC or benign
histopathology after biopsy. Biopsy results was classified
by Bethesda classification, there were no uncertain biopsy
results (Bethesda I+1II4+1V), The diagnosis category of
DTC in this study is Bethesda V + VI nodules, The diag-
nosis category of benign histopathology in this study is
Bethesda II nodules. Thus, the study included 323 sub-
jects, and of these, 61 subjects were diagnosed with DTC
after biopsy (DTC group) and 262 subjects were diag-
nosed with a benign tumor after biopsy (control group).
All subjects had normal TSH (reference range, 0.51-4.94
mlIU/mL), FT3 (reference range, 3.5-6.5 pmol/L), and
FT4 (reference range, 12—-22 pmol/L) levels.

Anthropometric measurements

Anthropometric measurements were taken by physicians
or trained nurses with individuals wearing light cloth-
ing and no shoes. Weight was measured to the nearest
0.1 kg using mechanical scales. Height was measured to
the nearest 0.1 cm using a freestanding automatic stadi-
ometer. Each subject’s BMI was calculated by dividing the
body weight (kg) by height squared (m2). Waist circum-
ference (WC) was measured in centimeters using a fold-
ing tape on bare skin between the 10th rib and the iliac
crest.

Laboratory assessments

Venous samples were drawn after a minimum fasting
period of 12 h. All samples were collected between 06:00
and 07:00 h. The concentrations of serum glucose, total
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cholesterol, triglyceride (TG), high-density lipopro-
tein (HDL-C), low-density lipoprotein (LDL-C), alanine
transaminase (ALT) and aspartate aminotransferase
(AST) were measured by spectrophotometry using an
Advia 2400 Clinical Chemistry System (Siemens, USA).
Insulin, FT3, FT4, TSH, thyroid peroxidase antibody
(TPOAD), and thyroid globulin antibody (TGAb) were
determined by a chemiluminescent immunometric
assay using a Centaur XP chemiluminescent analyzer
(Siemens, USA). The HOMA was used as a measure of
insulin sensitivity using the equation=fasting insulin
(mU/L) x glucose (mmol/L)/22.5. IR was defined by a
HOMA value > 2.7 as suggested by Matthews et al. [16].

Assessment of cardiovascular disease

All subjects were questioned regarding medication usage
and having a history of cardiovascular diseases (coronary
artery disease or cerebrovascular disease).

Statistical analysis

The Kolmogorov—Smirnov test was used to analyze the
distribution pattern. Continuous variables were pre-
sented by mean+standard deviation. Categorical vari-
ables were presented as numbers and percentage. The
Chi Square test was used for comparisons of categori-
cal variables. A multivariate binary logistic regression
analysis was used for the assessment of risk factors for
the development of DTC. Pearson correlation analysis is
used to detect the relationship between age and HOMA-
IR. P<0.05 was considered statistically significant. Sta-
tistical analysis was performed with SPSS 17.0 statistical
software using the production facility evaluation mode.

Results

The clinical and laboratory data of the subjects in both
groups are provided in Table 1. A total of 323 patients
(61 in the DTC group and 262 in the control group)
were included in the final analysis. No significant dif-
ferences in gender, blood pressure, fasting plasma glu-
cose (FPG), HDL-C, LDL-C, total cholesterol, FT3,
FT4, TG, TPOAb, TGAb, TSH, ALT, and AST lev-
els were observed between the two groups. The mean
age of subjects in the DTC group was greater than that
in the control group (AgeDTC=54.9+13.0 years,
Agecontrol=50.3+14.0  years, P=0.021), and
subjects in the DTC group also had a greater
mean BMI (BMIDTC=25.6+2.6 kg/m2, BMI-
control=249+2.6 kg/m2, P=0.049) and WC
(WCDTC=89.4+10.1 cm, WCcontrol=86.1£8.4 cm,
P=0.01). Moreover, the mean HOMA-IR (HOMA-
IRDTC=5.4+£6.9, HOMA-IRcontrol=2.8£1.3,
P=0.005) and insulin (insulinDTC=22.74+30.0 pU/mL,
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Table 1 Baseline characteristics of the DTC group and control

group
Characteristics DTC Control P value
(n=61) (n=262)

Gender (female/male) 44 /17" 182 /80 0.683
Age (years) 549+4130"  5034140" 0021
BMI (kg/m2) 256426 249426 0.049
WC (cm) 89441017 861484 001

Systolic pressure (mmHg) ~ 128.14103" 1254410.1" 0054
Diastolic pressure(mmHg) ~ 80.5+8.3! 791479 0.189
FT3 (pmol/L) 48407 47406 0410
FT4 (pmol/L) 160426 164426 0.196
TSH (mIU/mL) 23412 21413 0.598
FPG (mmol/l) 53403 53404 0922
HDL-C (mg/dl) 13+03' 14405 0337
LDL-C(mg/dl) 29+08' 29413 0874
Total cholesterol (mmol/L) 56442 49+1.1" 0.052
TG (mmol/L) 16+10 17425 0.735
TPOAb (U/mL) 688+£876'  768+1219" 0628
TGAb (U/mL) 780+£1596' 81341374" 0761
ALT (U/L) 2494159" 2324127 0364
AST (U/L) 223+93! 235480 0.296
Insulin (pmol/I) 2274300" 118454 0.006
HOMA-IR (uU/mL) 54469 28413 0.005

" Numbers are mean +SD and n for gender

Table 2 Multivariate binary logistic regression analysis for the
assessment of risk factors for the development of DTC

B2 S.E? Pvalue OR (95%)%
Age (years) 0026 0012 0.029 1027(1003-1051)"
BMI (kg/m2) 0137  0.058 0.147 1089 (0971-1221)’
Gender 0421 0369 0.284 1479(0.723-3.027)'
TPOAD (U/mL) <0.001  0.002 0.554  0.999(0996-1.002)"
TGAb (U/mL) 0001  0.001 0459 1.001(0999-1.003)"
HOMA-IR(uU/mL) 0444  0.107 <0001 1572(1277-1 935)*

! Baseline values in tables represent statistical means and confidence intervals
2 B: unstandardized regression coefficients; S.E: standard error; OR: odds ratio

3 OR were computed with the use of multivariate binary logistic regression
model

insulincontrol=11.8+5.4 pU/mL, P=0.006) levels were
higher in the DTC group than in the control group.

In the final multivariate analysis model, predictors of
DTC were selected based on both their clinical and sta-
tistical significance [17]. A backward elimination method
was applied to these results to select the most important
predictor variables. The results of multivariate binary
logistic regression analysis in Table 2 revealed that the
risk factors with a significant effect on the development
of cancer in DTC subjects were advanced age (odds ratio
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[OR]=1.027 [1.003-1.051], P=0.029) and an elevated
HOMA-IR level (OR=1.572 [1.277-1.935], P<0.001).
Whereas elevated BMI (OR=1.089[0.971-1.221],
P=0.147), gender (OR=1.479(0.723-3.027], P=0.284),
TPOAb (OR=0.999[0.996-1.002], P=0.554) and TGAb
(OR=1.001[0.999-1.003], P=0.459) were not signifi-
cantly associated with the risk of cancer in DTC. Also, we
have checked the relationship between age and HOMA-
IR in entire cohort, The tested of Pearson correlations of
Age and HOMA-IR showed that the index were tested
not correlation (P=0.682), proved that HOMA-IR is
actually related to DTC diagnosis (rather than another
marker related to the age).

Discussion

Our results demonstrated that there is an association
between IR and the pathogenesis of DTC in our euthy-
roid patients without insulin resistance-related risk fac-
tors. The age, BMI, WC, insulin, and HOMA-IR levels of
subjects with DTC were significantly higher than those
of subjects in the control group. IR leads to compensa-
tory increased insulin secretion and is characterized by
decreased tissue sensitivity to the action of insulin [18].
Patients with IR are at increased risk for cardiovascu-
lar diseases and type 2 diabetes. Moreover, IR is a state
of impaired glucose metabolism. It results from reduced
sensitivity of the target tissues (muscles, adipose tissue,
liver) to insulin and may lead to the development of type
2 diabetes. IR is also linked to other metabolic abnor-
malities, such as obesity, type 2 diabetes, and metabolic
syndrome [14]. Furthermore, abnormal thyroid func-
tion may lead to metabolic abnormalities and even IR.
For these reasons, we excluded patients with a history
of cardiovascular disease or diabetes and selected euthy-
roid individuals in order to decrease interferring factors.
One study concluded that subjects with IR have larger
thyroid volumes and thyroid nodules, it showed that IR
may induce increased thyroid proliferation and nodule
volume and nodule formation [19]. Moreover, increased
prevalence of IR has been observed in subjects with
DTC. Sahin et al. demonstrated that insulin, HOMA-
IR, and LDL-C levels are significantly higher in subjects
with DTC than in healthy controls [20]. Consistent with
the study results, our study showed that levels of insulin
and HOMA-IR in the DTC group were higher than those
in the control group. Additional research has suggested a
pivotal role for IR in the distribution, construction, and
density of thyroid nodular vascularization, which might
contribute to the growth and progression of nodules [21].
In our study, the mean HOMA-IR (P=0.005) and insulin
(P=0.006) levels were higher in the DTC group than in
the control group, and multivariate binary logistic regres-
sion analysis showed the increased HOMA-IR level is
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associated with the development of thyroid cancer. How-
ever, inconsistent with our results, Fevzi et al. found that
IR is not more prevalent in subjects with thyroid cancer
than in those with benign thyroid nodules and the differ-
ence between subgroups based on tumor size was statis-
tically insignificant [22], This discrepancy may be related
to the limited sizes of their groups, and more data are
needed to confirm the accuracy of their results.

MetS involves a cluster of risk factors including
increased blood pressure, abdominal obesity, lipid
abnormalities, and impaired glucose metabolism. It has
been associated with elevated risks of several common
adult cancers such as thyroid cancer, and the data sug-
gest that among typical metabolic abnormalities such as
MetS, IR and MetS-related components may contribute
to increased thyroid volume and nodule prevalence, even
leading to tumor formation [19]. There are several pos-
sible mechanisms. The insulin-like growth factors (IGFs)
play a major role in a variety of human malignancies as
potent mitogenic and anti-apoptotic factors [23], and
one study reported that serum IGF-1 concentrations
may be positively associated with risk of DTC [24]. Both
IGF-1 and IGF-2 are produced locally in thyroid tumors,
and several studies found that IGF-1 is positively cor-
related with thyroid volume, independently of age and
body size, and studies have also shown that growth hor-
mone (GH) / IGF-1 axis is associated with thyroid vol-
ume growth [25, 26].Whereas high serum IGF-1 levels
are also related to thyroid nodule formation in men, they
are related to decreased serum TSH levels in women
[27]. Some findings have supported the hypothesis that
both IGF-1 receptor (IGF-1R) and insulin receptor play
a role in the differentiation of thyroid progenitor/stem
cells and that thyroid cell differentiation is associated
with the downregulation of insulin receptor and IGF-
1R and a reduction in the ratio of insulin receptor A to
insulin receptor B [28]. Hyperglycemia is associated with
increased levels of proinflammatory factors that contrib-
ute to tumor neoangiogenesis, such as tumor necrosis
factor (TNF)-«, transforming growth factor (TGF)-a,
TGE-B, interleukin (IL)-8, vascular endothelial growth
factor (VEGEF)-A, and fibroblast growth factor 2 [29]. In
accordance with these findings, insulin receptor expres-
sion was found to be upregulated in hypofunctioning
benign thyroid adenomas that have lost a differentiated
function such as iodine uptake, indicating that over-
expression of insulin receptor occurs early in thyroid
tumorigenesis [30]. Obesity is a major risk factor for
numerous cancers such as endometrial, colon, rectal,
kidney, pancreatic, and thyroid cancer [10]. A meta-anal-
ysis shows that high BMI increases the risk of thyroid
cancer [31]. A recent, retrospectively studies showed
that obesity does not modify the risk of differentiated
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thyroid cancer in a cytological series of thyroid nodules
[30]. Our study showed that subjects in the DTC group
had a greater mean BMI (P=0.049) than those in the
control group. Whereas elevated BMI was not signifi-
cantly associated with the risk of cancer in DTC.

In a cross-sectional study measuring both exposure
and disease conditions, it is difficult to determine the
cause and effect, and this is a major weakness. There-
fore, by including the multivariate binary logistic regres-
sion analysis,our results could show that IR may be a risk
factor for thyroid cancer. In our research, fasting blood
glucose> =7.0 mmol/L was used as the single diagnostic
criteria may under-diagnose diabetes, and therefore the
cohort may include a population with early-stage diabe-
tes and intermittent hyperglycemia. Another limitation
of our study is that many chronic diseases are likely to
result in relative deterioration or paracmasis, and thus,
a cross-sectional study may treat patients in paracmasis
as healthy during the research. Finally, our entire study
population was Chinese (100%).

In conclusion, we determined that the incidence of IR
among subjects with DTC was higher than that among
subjects with a benign thyroid nodule. Additionally,
the high age and elevated HOMA-IR were identified as
potential risk factors for the development of thyroid
cancer. Thus, IR may be a risk factor for thyroid cancer.
IR subjects with thyroid nodules should be followed up
closely, and if necessary, thyroid cytology biopsy should
be performed to facilitate the identification and immedi-
ate treatment of cancerous nodules to improve the prog-
nosis of these subjects.
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