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Abstract

Background Metabolic syndrome (MetS) was a risk factor for papillary thyroid cancer (PTC). Whether MetS impacts the
aggressiveness of PTC is still unclear. We carried out this study to clarify this issue.

Methods We evaluated 745 consecutive PTC patients treated with surgery. Patients were divided into three groups based on
their number of MetS components: patients without any MetS components, patients with 1-2 MetS components, and patients
with 3-5 MetS components. The clinical features and histological aggressiveness of PTC at the time of diagnosis were
evaluated.

Results A total of 745 patients were included in this study. And, 145 patients had three or more metabolic components and
were diagnosed as MetS. MetS was a risk factor for larger tumors (OR =2.29, 95% CI: 1.31-4.03), more lymph node
metastasis (OR =1.97, 95% CI: 1.11-3.51), and later clinical stage (OR =7.92, 95% CI: 1.59-39.34) after correction for
age, sex, and thyroid-stimulating hormone (TSH) level and body mass index (BMI).

Conclusion In our hospital-based cohort study MetS was associated with the aggressiveness of PTC. This association was
still significant after adjusting for age, sex, TSH, and BML

Keywords Thyroid cancer * Metabolic syndrome * Clinicopathological features - Aggressiveness

Instruction

The incidence of thyroid cancer in China has increased
significantly over the past two decades [1]. It is more com-
mon in women, with a 3:1 female-to-male ratio. Papillary
thyroid cancer (PTC) is the most common histologic subtype
of thyroid cancer, accounting for 85% of new cases, and has
the best prognosis. Increased detection of subclinical thyroid
cancers by increased utilization of ultrasonography and fine-
needle biopsies may partly account for the rise in the inci-
dence of thyroid cancer [2, 3]. However, this does not suf-
ficiently explain the increase in the incidence of large tumors,
in all size categories. Therefore, the effect of other
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modifiable factors including changes in lifestyle and envir-
onmental factors cannot be ignored.

Metabolic syndrome (MetS), which indicates a cluster of
metabolic abnormalities including central obesity, hyper-
glycemia, hypertension, and dyslipidemia, has been con-
sidered to be a risk factor of a variety of cancers, including
thyroid cancer [4]. The major mechanism of MetS is insulin
resistance. Several studies have investigated the association
between MetS and thyroid cancer [4—6]. Park et al. followed
9,890,917 adults for 7 years and found that the thyroid
cancer risk was higher in the MetS group than in the non-
MetS group (HR =1.15; 95% CI 1.13-1.17) [5]. A meta-
analysis by Yin et al. also showed metabolic components,
including hyperglycemia, high BMI, and hypertension sig-
nificantly increased the thyroid cancer risk [4].

The prevalence of obesity and unhealthy metabolic
status such as MetS has markedly increased in recent
years. Substantial portion of PTC patients suffer from
MetS. MetS is a reversible condition associated with the
modern western lifestyle. It is important to clarify whe-
ther MetS affect the clinical features and prognosis of
PTC. However, to the best of our knowledge, few studies
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focused on this issue. Therefore, we carried out this study
to investigate the association between MetS and the
clinicopathologic features of PTC.

Materials and methods
Population

A hospital-based cohort of patients that were diagnosed with
PTC at the Renmin Hospital of Wuhan University from
April, 2020 to February, 2021 were included in this study.
All of the included patients received surgery treatment.
Patients were excluded if there was no documentation of
their past history of disease and/or if they were diagnosed
with medullary or anaplastic thyroid cancer or follicular
thyroid cancer. This study was performed with the approval
of the ethics committee of the Renmin Hospital of Wuhan
University (NO. WDRY2020-K231), and all of the partici-
pating patients were provided written informed consent for
their clinical data to be reviewed and applied in this study.

Data collection

A comprehensive questionnaire was used to obtain the
basic information, including medical history, family
history of chronic diseases, current medication use, and
smoking and drinking status. Height, weight, waist cir-
cumference, and blood pressure were measured based on
standardized protocols. Height and body weight were
measured without shoes and heavy clothes. Waist cir-
cumference, midway between the base of the costal arch
and the top of the iliac crest, was measured in upright
standing subjects. Blood pressure was taken using the
same electronic monitor in the center in a seated position
after at least 5 min of rest. Blood sampling was conducted
after overnight fasting. Biochemical measurements,
including thyroid-stimulating hormone (TSH), fasting
blood glucose (FBQG), triglycerides (TG), total choles-
terol, high-density lipoprotein cholesterol (HDL-C), and
thyroglobulin 1 month after surgery were measured uti-
lizing the same laboratory techniques of the center.

Diagnosis and definition

All of the patients received surgical treatment for the
primary tumor. Thyroid surgery was performed by
experienced surgeons who had 5-20 years of experience.
The central lymph node dissection was routinely per-
formed on these patients. Intraoperative frozen section
was performed on all patients to determine nodule
malignancy. The inclusion of lateral lymph node dis-
section was performed based on preoperative imaging
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results, fine-needle aspiration, and intraoperative
exploration. The central neck refers to levels VI and VII;
whereas the lateral neck includes levels II, III, IV, and V
in the present study.

A routine pathologic diagnosis was performed on the
specimens of the thyroid and fatlike tissues with 2-3 um
sections. Hematoxylin and eosin (HE) staining combined with
or without immunohistochemistry was performed to deter-
mine the pathologic types. Solitary focus means only one
tumor in the thyroid, and multiple foci mean two or more foci
limited to the thyroid. Thyroid cancer was staged according to
8th American Joint Committee on Cancer (AJCC) editions.

The criteria for the diagnosis of MetS in our study was
provided by the Chinese Diabetes Society. MetS was defined
by the presence of 3 to 5 of the following variables: (1)
abdominal adiposity (defined as waist circumference > 90 cm
in Chinese men and waist circumference > 85 cm in Chinese
women), (2) TG concentration >1.70 mmol/L, (3) HDL
concentrations < 1.04 mmol/L, (4) blood pressure > 130/
85 mmHg or previous hypertension diagnosis, which were
described as raised blood pressure, and (5) fasting glycemia
> 6.1 mmol/L or previous type 2 diabetes diagnosis.

Statistical analysis

All of the statistical analyses were performed using Stata
version 15.1 (Stata Corp, College Station, Texas). Continuous
variables were described as the mean (x+ SD). Categorical
variables were described by using percentages. The distribu-
tion of clinical and pathologic features of the patients with or
without MetS were evaluated and compared using chi-square
tests for categorical variables and the student’s #-test (age) or
rank-sum test for continuous variables (tumor size, TSH, BMI,
and thyroglobulin). Test for interaction was used to analyze
the interaction effect of gender and age and MetS on the
clinicopathological characteristics of PTC. Univariate and
multivariate binary logistic analyses were used to explore the
associations between MetS and clinicopathological character-
istics of PTC. In the multivariate logistic regress model, age,
sex, TSH, and BMI were adjusted. Furthermore, we also
analyzed the association between different numbers of MetS
components and the clinicopathological characteristics of PTC.
All statistical tests were two-tailed, and a p-value <0.05 was
considered statistically significant.

Results
Characteristics of participants
A total of 745 patients, including 181 males and 564

females with PTC, participated in this study. Table 1
describes the pathological characteristics of PTC and the
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Table 1 Clinicopathological characteristics of included patients

Characteristics Patients %
Sex

Male 181 24.30
Female 564 75.70
Age(mean + SD) 4398 +11.71 /
BMI 23.50+3.24 /
Subtype

Classic variant 539 72.35
Follicular variant 164 22.01
Other variant 42 5.64
Tumor size (mean + SD) 1.02 +0.75 cm /
<lcm 473 63.49
>1cm 272 36.51

Number of removed lymph node median (Q1-Q3) 7 (3—-11) /

Lymph node metastasis

NO 397 53.29
N1 348 46.71
AJCC Stage

I 702 94.23
T/1I 43 5.71
Multifocal tumor

No 541 72.62
Yes 204 27.38
Blood pressure > 130/85 mmHg

No 426 57.18
Yes 319 42.82
Diabetes

No 687 92.21
Yes 58 7.79
High TG

No 567 76.11
Yes 178 23.89
Low HDL-C

No 550 73.83
Yes 195 26.17
Abdominal adiposity

No 567 76.11
Yes 178 23.89
Number of MetS components

0 272 36.51
1-2 328 44.03
3-5 145 19.46

Values are expressed as mean + standard deviation or number (%)

SD Standard deviation, BMI Body mass index, AJCC American Joint
Committee on Cancer, TG Triglycerides, HDL-C High-density
lipoprotein cholesterol, and MetS Metabolic syndrome

metabolic characteristics of the participants at recruitment.
Most of the patients were diagnosed with classic variant
(72.35%) or follicular variant of PTC (22.01%). Other
special variants such as the tall cell variant were rare
(5.64%). The mean age of the participants was 43.98
(14-85). The mean dimension of the primary tumor was
1.02cm (0.08-6cm), and in most cases, was less than
4 cm. About 63.49% of the participants had a tumor less
than 1 cm. All of the included participants received central

lymph node dissection according to our surgical protocol.
The median number of dissected lymph node was 7
(Q1-Q3: 3-11). And lateral lymph node dissection was
performed in 63 participants (8.46%). A total of 348
(46.71%) participants had metastatic lymph nodes. About
27.38% of the tumors were multifocal. A total of 43
patients had stage II/III disease while 702 patients had
stage I disease. However, only about 50% (375/745) of the
patients came back to our center for postsurgical review
due to the pandemic of COVID-19. A total of 116 patients
received radioactive iodine therapy. Almost 43% of the
patients had blood pressure > 130/85 mmHg. And 7.79% of
the patients had diabetes. High TG was detected in 23.89%
(178/745) of the participants. While low HDL was detected
in 26.17% (195/745) of the participants. A total of 178 of
the participants had abdominal adiposity. A total of 328
(44.03%) patients had one or two metabolic components.
And 145 (19.46%) patients had three or more than three
metabolic components and were diagnosed as MetS.

Relationship between MetS and clinicopathological
features

Clinical data and tumor characteristics, according to the pre-
sence or absence of MetS, are reported in Table 2. More men
suffered from MetS than women. There was no significant
difference in TSH level between those patients with and
without MetS. The patients with MetS were older (p = 0.000),
and had larger tumor (p =0.001), more lymph node metas-
tasis (p =0.048) and later AJCC stage (p = 0.000) than the
patients without any components of MetS. More patients were
diagnosed with other rare variants of PTC in MetS group (p
=0.000). The patients with MetS had similar multifocal
diseases with patients without MetS. The proportion of
patients received radioactive iodine therapy was similar
between different groups. There were no significant differ-
ences in thyroglobulin level 1 month after surgery between
different groups (p =0.918). The cases with one or two
metabolic components showed intermediate figures.
Univariate and multivariate analyses were performed to
detect the correlation between MetS and clin-
icopathological features. As shown in Table 3, in uni-
variate analysis, MetS was associated with larger tumor
(OR=2.18, 95% CI: 1.44-2.03), more lymph node
metastasis (OR =1.60, 95% CI: 1.07-2.41), and later
stage (OR=7.16, 95% CI: 2.31-22.18). Furthermore,
after correction for age, sex, TSH, and BMI, MetS was
still a risk factor for larger tumors (OR =2.29, 95% CI:
1.31-4.03), more lymph node metastasis (OR =1.97,
95% CI: 1.11-3.51), and later stage (OR =7.92, 95% CI:
1.59-39.34). Those patients with one or two metabolic
components had higher risks for larger tumor (OR = 1.18,
95% CI:1.00-2.19). However, there were no differences
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Table 2 Clinicopathologic

Non-MetS

0 components

1-2 components

MetS )4

>3 components

. . . Characteristics
characteristics for patients with
and without metabolic syndrome
Sex
Male
Female

Age (mean = SD)

<55

255

TSH (mean * SD, nIU/mL)
Thyroglobulin (mean + SD,
ng/mL)

BMI (mean + SD)
Pathological subtype
Classic variant

Follicular variant

Other

Tumor size(cm)

Mean + SD

<1

>1

Lymph node metastasis
NO

N1

AJCC Stage

I

1/1x

Multifocal tumor

No

Yes

Radioactive iodine therapy
No

Yes

24 (8.82) 81 (24.70) 76 (52.41) 0.000
248 (91.18) 247 (75.30) 69 (47.59)

40.40 + 11.62 45.86+11.70 46.63 +10.29 0.000
242 (88.97) 244 (74.39) 108 (74.48) 0.000
30 (11.03) 84 (25.61) 37 (25.52)

2.68+7.14 2.11+3.10 2.66+4.68 0.035
6.77 £39.39 4.98+16.85 3.04 +4.29 0.918
21.71+2.14 23.49+2.89 26.85+3.06 0.000
221 (81.25) 212 (64.63) 106 (73.10) 0.000
38 (13.97) 100 (30.49) 26 (17.93)

13 (4.78) 16 (4.88) 13 (8.97)

0.95 £0.73 1.03+£0.77 1.14£0.73 0.001
192 (70.59) 205 (62.50) 76 (52.41) 0.001
80 (29.41) 99 (37.50) 69 (47.59)

152 (55.88) 181 (55.18) 64 (44.14) 0.048
120 (44.12) 147 (44.82) 81 (55.86)

268 (98.53) 303 (92.38) 131 (90.34) 0.000
4 (1.47) 25 (7.62) 14 (9.66)

198 (72.79) 247 (75.30 96 (66.21) 0.123
74 (27.21) 81 (24.70) 49 (33.79)

231 (84.93) 281 (85.67) 117 (80.69) 0.372
41 (15.07) 47 (14.33) 28 (19.31)

Values are expressed as mean + standard deviation or number (%)

SD Standard deviation, 7SH Thyroid-stimulating hormone, BMI Body mass index, AJCC American Joint
Committee on Cancer, and MetS Metabolic syndrome

in lymph node metastasis, multifocal tumor, and AJCC
stage between patients with one or two metabolic com-
ponents and patients without any metabolic components.

Relationship between metabolic components and
clinicopathological features

We further analyzed the relationship between each of the
five metabolic components and the clinicopathological
features. As shown in Fig. 1, after adjusted for age, sex,
TSH and BMI, blood pressure > 130/85 mmHg was asso-
ciated with larger tumor (OR = 1.65, 95% CI: 1.17-2.32),
lymph node metastasis (OR = 1.41, 95% CI: 1.00-2.02)
and later AJCC stage (OR=3.99, 95% CI: 1.56-10.21).

@ Springer

Diabetes, TG and abdominal adiposity had no significant
association with any of the clinicopathological features.
Low HDL was associated with larger tumor (OR = 1.55,
95% CI: 1.05-2.28) and lymph node metastasis (OR =
1.92, 95% CI: 1.29-2.86).

Discussion

To our knowledge, this is the first study to determine the
association between MetS and clinicopathological features
of PTC. This hospital-based cohort study revealed that
patients with MetS tended to have larger tumors. Such risk
is likely to be rather the expression of a general
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Table 3 Univariate and Non-MetS Non-MetS P MetS P
multivariate ORs of metabolic
. 0 components (1-2 components) (23 components)
syndrome for prognostic factors
of papillary thyroid cancer Univariate ORs
Tumor size 1 1.44 (1.02-2.03) 0.037 2.18 (1.44-2.03) 0.000
Lymph node metastasis 1 1.03 (0.74-1.42) 0.864 1.60 (1.07-2.41) 0.023
Multifocal tumor 1 0.88 (0.61-1.27) 0.484 1.37 (0.88-2.11) 0.161
AJCC stage 1 5.53 (1.90-16.09) 0.002 7.16 (2.31-22.18) 0.000
Multivariate ORs*
Tumor size 1 1.18 (1.00-2.19) 0.049 2.29 (1.31-4.03) 0.004
Lymph node metastasis 1 1.29 (0.87-1.90) 0.205 1.97 (1.11-3.51) 0.020
Multifocal tumor 1 0.85 (0.56-1.28) 0.429 1.38 (0.77-2.49) 0.278
AJCC stage 1 4.06 (0.98-16.90) 0.054 7.92 (1.59-39.34) 0.011

Fig. 1 Multivariate analysis for
relationship between five

*Adjusted for age, sex, TSH, and BMI
OR 0Odds ratio, BMI Body mass index, AJCC American Joint Committee on Cancer, and MetS Metabolic

syndrome

Factors and subgroup

OR (95% Cl)

metabolic components and Blood pressure=130/85mmHg

clinicopathological features Tumor size —_—— 1.65(1.17,2.32)
Lymph node metastasis —— 1.41 (1.00, 2.02)
Multifocal tumor —— 1.08 (0.75, 1.56)
AJCC stage ——— 3.99 (1.56, 10.21)
Diabetes
Tumor size e . g 1.53 (0.86, 2.72)
Lymph node metastasis —_ 1.48 (0.82, 2.70)
Multifocal tumor —_— 1.22 (0.66, 2.25)
AJCC stage + 1.15 (0.38, 3.49)
High TG
Tumor size —_—— 1.12 (0.75, 1.67)
Lymph node metastasis — 0.79 (0.52, 1.20)
Multifocal tumor -+ 1.37 (0.90, 2.08)
AJCC stage — 1.11 (0.48, 2.55)
Low HDL
Tumor size —— 1.55 (1.05, 2.28)
Lymph node metastasis —— 1.92 (1.29, 2.86)
Multifocal tumor —— 1.07 (0.70, 1.63)
AJCC stage —_— 1.61(0.71, 3.64)
Abdominal adiposity
Tumor size - 1.39 (0.83, 2.35)
Lymph node metastasis e s o 1.35(0.79, 2.33)
Multifocal tumor —_—— 1.07 (0.61, 1.87)
AJCC stage 4+ 1.70 (0.50, 5.79)

[ [

125

dysmetabolic condition than of a specific dysmetabolic trait.
More invasive characteristics including more lymph node
metastasis and later AJCC stage were also observed in

patients with MetS. Blood pressure > 130/85 mmHg and
low HDL were risk factors for larger tumor and lymph node
metastasis.

@ Springer
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Previous studies had well defined the relationship
between MetS and thyroid cancer. MetS and each compo-
nent of the MetS are associated with an increased risk of
thyroid cancer. Few studies focused on the effects of MetS
on the aggressiveness and prognosis of thyroid cancer. A
study by Li et al. demonstrated that multifocal tumor and
extrathyroidal extension were more common in patients
with diabetes. But there was no significant difference in
tumor size and lymph node metastasis between patients
with diabetes and the control group, which was similar with
the results in our study [7]. Li et al. carried out a com-
parative analysis of the serum proteome profiles of thyroid
cancer. In their study, TG and HDL levels were sig-
nificantly different between patients with thyroid cancer and
control groups. And among patients with PTC, a low HDL
level was associated with lymph node metastasis. No sig-
nificant association was observed between TG level and
lymph node metastasis [8]. Epidemiology studies have
reported the positive association between obesity and
thyroid cancer risk. Correlation between BMI and the
aggressiveness of PTC had been reported in several studies,
but the results were inconsistent [9—11]. In the study by
Kim et al.,, a higher BMI was associated with more
aggressive tumor features, such as lymph node metastasis,
lymphatic invasion, and tumor multiplicity in patients >45
years of age [10]. However, Matrone et al. did not
demonstrate any association between BMI and aggressive-
ness of thyroid cancer in 1058 patients [11]. In another
study by Grani et al., they detected no association between
obesity and the aggressive features of thyroid cancer [12].
BMI was used as a major measurement in most of the
studies. But body fat distribution and an impaired adipose
tissue function, rather than total fat mass, could better pre-
dict insulin resistance and related complications at the
individual level [6]. Abdominal adiposity might play a more
significant role in thyroid carcinogenesis and the progres-
sion of thyroid cancer. Few studies focused on the impact of
abdominal adiposity on aggressiveness of PTC. In our
study, we did not demonstrate a positive association
between abdominal adiposity and aggressiveness of PTC.
However, we are not aware of any previous studies of
hypertension and aggressiveness of PTC. We found that
blood pressure > 130/85 mmHg was associated with larger
tumor, lymph node metastasis, and later AJCC stage.

Several biologic mechanisms may explain the link
between MetS and the aggressiveness of PTC. First, insulin
resistance is a key factor in the pathophysiology of MetS. It
was reported that insulin assist many tumors' generation and
progression. An increased level of insulin may stimulate
vascular endothelial growth factor expression and promote
the proliferation of vascular endothelial cells in cancer [13].
Insulin resistance can increase proliferation, angiogenesis,
cellular mobility, apoptosis, and damage to DNA molecules
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of cancer cells by active oxygen forms due to excess glu-
cose. Furthermore, thyroid cancer cells overexpress both
insulin-like growth factor (IGF) ligands and their receptors.
The IGF axis which was activated by insulin resistance in
MetS can promote cell proliferation and inhibit pro-
grammed cell death [14]. Second, TSH is involved in
mitogenic pathways of the thyroid gland. Cross-sectional
studies have found correlations between TSH and the
components of the MetS [15, 16]. Previous studies indicated
that the prevalence of dyslipidemia increased along with
higher TSH concentrations [16, 17]. In our study, the TSH
level was higher but not statistically significant in patients
with MetS. Increased serum TSH levels may stimulate
thyroid cell proliferation and growth, and promote the
progression of thyroid cancer. Third, the low-grade chronic
and systemic inflammation in MetS may also affect the
aggressiveness of thyroid cancer. MetS could result in NF-
kB activation and increase the synthesis and secretion of
chemokines which played a central role in the progression
of thyroid cancer [18-20]. Other factors, such as increased
levels of estradiol, may also play important role in thyroid
cancer progression [21].

In the present study, we investigated the association
between MetS and aggressiveness of PTC and found that
MetS was associated with aggressiveness of PTC. There
were several limitations in our study. We included a rela-
tively small number of patients in this study. Due to the
limited duration of follow-up, our study has no information
about follow-up evaluation of the patients for the potential
development of future recurrence or metastases. In addition,
some potential confounding factors (i.e., duration of MetS,
duration and treatment, smoke) were not taken into account
in our analysis.

In conclusion, in our hospital-based cohort study MetS
was associated with the aggressiveness of PTC. This asso-
ciation was still significant after adjusted for age, sex, TSH,
and BMI. MetS is a reversible condition associated with
modern lifestyle. Dietary adjustment may help to regress
MetS and the aggressiveness of PTC.
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