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ABSTRACT

Objective. To explore the relationship between body mass index (BMI) and clinico-
pathological characteristics in patients with papillary thyroid carcinoma (PTC).
Methods. The clinical data of 1,579 patients with PTC, admitted to our hospital
from May 2016 to March 2017, were retrospectively analyzed. According to the
different BMI of patients, it can be divided into underweight recombination (BMI
< 18.5 kg/m), normal body recombination (18.5 < BMI < 24.0 kg/mz), overweight
recombination (24.0 < BMI < 28.0 kg/m?) and obesity group (BMI > 28.0 kg/m?).
The clinicopathological characteristics of PTC in patients with different BMIs group
were compared.

Results. In our study, the risk for extrathyroidal extension (ETE), advanced T stage
(T ITI/IV), and advanced tumor-node-metastasis stage (TNM III/IV) in the overweight
group were higher, with OR (odds ratio) = 1.99(1.41-2.81), OR = 2.01(1.43-2.84), OR
= 2.94(1.42-6.07), respectively, relative to the normal weight group. The risk for ETE
and T III/IV stage in the obese group were higher, with OR = 1.82(1.23-2.71) and OR
= 1.82(1.23-2.70), respectively, relative to the normal weight group.

Conclusion. BMI is associated with the invasiveness of PTC. There is a higher risk for
ETE and TNM III/IV stage among patients with PTC in the overweight group and for
ETE among patients with PTC in the obese group.

Subjects Epidemiology, Global Health, Oncology, Metabolic Sciences
Keywords Body mass index, Papillary thyroid cancer, Correlation
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INTRODUCTION

The incidence of thyroid cancer has been increasing in recent years worldwide. Thyroid
cancer in women has become the fifth most common malignant tumor in the United
States (Siegel, Miller ¢ Jemal, 2018). Thyroid cancer has become the most common tumor
in women in South Korea (McGuire, 2016). Thyroid screening and over-diagnosis do
not explain the significant increase in the incidence of primary tumors > 4 cm and the
incidence of distant metastasis. Although the rate of thyroid cancer detection has improved,
the survival rate has not increased. This indicates that it is necessary to further explore the
causes of the increase in the incidence of thyroid cancer which cannot simply be explained
by the increase in detection rates. It is also necessary to study this problem from the
perspective of factors such as environmental factors and molecular mechanisms (Chen,
Jemal & Ward, 2009; Enewold et al., 2009). The real cause of the increase in the incidence
of thyroid cancer has not yet been determined; however, environmental factors or lifestyle
may contribute to this increase. Several epidemiological studies have confirmed that
obesity is positively correlated with the increased risk of thyroid cancer (Pappa ¢ Alevizaki,
20145 Schmid et al., 2015; Patel et al., 2015; Yin et al., 2018). However, the correlation
between obesity and the invasive clinicopathological features of thyroid cancer remains
controversial (Kwon et al., 2015; Paes et al., 2010; Grani et al., 2019; Lee et al., 2015). In this
study, the Chinese body mass index (BMI) classification criteria were used to explore
whether the clinicopathological characteristics of PTC are different among patients with
different BMIs.

MATERIALS & METHODS

Patients

A total of 1,702 patients with PTC (including thyroid micropapillary carcinoma, PTMC)
who received surgical treatment in Tianjin Medical University Cancer Institute and Hospital
from May 2016 to March 2017 were considered. After excluding patients with histories
of thyroid surgery, antithyroid drug consumption, and thyroxine administration before
surgery, 1,579 subjects were eligible for analysis in this study. Each participant signed an
informed consent form, which was uploaded in supplementary materials. This study was
approved by the Ethics Committee of the Tianjin Medical University Cancer Institute and
Hospital. Ethics Committee reference number is Ek2018117.

Methods

We performed a retrospective analysis of the patient’s gender, age, serum thyroid
stimulating hormone (TSH) levels, combined with postoperative pathological features,
including tumor size (maximum diameter of the tumor), lymph node metastasis,
multifocality, and the extrathyroidal extension (ETE) and TNM stage based on the
eighth edition of the Union for International Cancer Control (UICC)/American Joint
Committee on Cancer (AJCC). We reviewed the height and the weight of the patient
during admission, calculated BMI according to the Chinese obesity classification standard
(BMI < 18.5 kg/m?, underweight; 18.5 < BMI < 24.0 kg/m?, normal weight; 24.0 <
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BMI< 28.0 kg/mz, overweight; and BMI > 28.0 kg/mz, obese) (Qian, Li & Ren, 2017).
Subsequently, the pathological characteristics including multifocality, tumor size, ETE,
lymph node metastasis, T stage, TNM stage of each group were compared.

Statistical analysis

Logistic regression analysis was used to analyze the relationship between BMI and the
clinical pathological features of thyroid cancer. The odds ratio (OR) and 95% confidence
interval were used. The adverse clinicopathological features analyzed included multifocality
(number of lesions > 2), tumor size > 1 cm, ETE, lymph node metastasis, high T stage
(stage III + IV), and high TNM stage (stage III + IV). Logistic regression (adjusting for
age, gender and TSH) was used to analyze the relationship between BMI and the adverse
clinicopathological features of PTC. Similarly, logistic regression analysis (adjusting for age
and TSH) was used to analyze the relationship between BMI and adverse clinicopathological
features of PTC in men and women. For those older than >55 years and <55 years, logistic
regression analysis (adjusting for gender and TSH) of the relationship between BMI and
adverse clinicopathological features of PTC was performed.

The Chi-square test was used to analyze whether there were differences in gender, age,
level of TSH, number of tumors, tumor size, ETE, lymph node metastasis, T stage, and
TNM stage among different BMI groups.

Statistical analysis was performed using SAS V9.3 software (Cary, North Carolina, USA)
with a statistical significance noted at P <0.05.

RESULTS

Basic clinical biological characteristics of 346 males and 1,233 females were recorded. The
age ranged from 18 to 76 years, with an average age of (45.98 & 10.93) years, a median
age of 46 years, 1,129 patients (71.5%) aged <55 years, and 450 (28.5%) aged >55 years.
BMI ranged from 16.00 to 48.33 kg/m? with mean BMI 25.52 + 3.79 kg/m?. A total of 704
patients (44.6%) had lymphatic metastasis, 228 (14.4%) had ETE and 565 (35.5%) had
multifocal tumors. With regards to the T stage, 1,322 (83.7%) patients were in the T1 stage
and 257 patients (16.3%) were in the T3/4 stage. With regards to the TNM stage, 1,515
(95.9%) patients were in stage I and II, and 64 patients (4.1%) were in stage III and IV
(Table 1).

There are differences in the distribution of gender (2 = 80.28, P<0.0001) and age
(x?=27.05, P<0.0001) between different BMI groups. BMI is associated with invasion
of the envelope (x*=122.25,P<0.0001), T stage (x*=122.81, P<0.0001), and TNM stage
(P =0.0002) in the pathological features of the tumor (Table 2).

We further explored the risk of more aggressive clinicopathological features according to
BMI (Table 3). Multiple logistic regression results display that patients who were overweight
had a significantly greater risk of ETE (OR = 1.99[1.41-2.81], P<0.0001), high T stage (OR
=2.01[1.43-2.84], P<0.0001), and TNM III/IV stage (OR = 2.94[1.42-6.07], P = 0.003)
than patients with a normal weight. Subjects in the obese group also had a greater risk
of ETE (OR = 1.82[1.23-2.71], P = 0.002) and high T stage (OR = 1.82[1.23-2.70],
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Table 1 Clinicopathological characteristics of 1,579 patients with papillary thyroid carcinoma.

Clinicopathological characteristics

n=1,579
Gender
Female 1,233(78.1%)
Male 346 (21.9%)
age 45.98 +10.93
<55 1,129(71.5%)
>55 450 (28.5%)
Tumor size
<lcm 906 (57.4%)
>1cm 673 (42.6%)
Extrathyroidal invasion 228 (14.4%)
multifocality 565 (35.5%)
T staging
T1 1,322(83.7%)
T2 28 (1.8%)
T3 153 (9.7%)
T4 76 (4.8%)
N staging
NO 875(55.4%)
Nla 441(27.9%)
N1b 263(16.7%)
TNM staging
I/ 1,515(95.9%)
1YV 64 (4.1%)

P =0.003) than normal weight subjects. Whether in the overweight or obese group, BMI
has no correlation with lymph node metastasis.

Among female patients, compared to the normal weight group, the overweight group
had a greater risk of ETE (OR = 2.10[1.43-3.08], P = 0.0002), high T stage (OR =
2.10[1.43-3.08], P =0.0002), and TNM III/IV tumors (OR = 2.86[1.18-6.94] , P =0.02);
the obese group had a greater risk of ETE (OR = 2.45[1.58-3.82], P<0.000), high T stage
(OR = 2.45[1.58-3.82], P<0.000), and TNM III/IV tumors (OR = 3.99[1.55-10.28],

P =0.0004) (Table 4). In male patients, no significant differences were observed (S1).

When the patient’s age was > 55 years, ETE, high T stage, and TNM III/IV tumors were
more common in the overweight group than in the normal weight group, with ORs =
2.19(1.22-3.89), P = 0.009, ORs = 2.18(1.22-3.89), P = 0.008, and ORs = 2.42(1.15-5.13),
P =0.02, respectively. ETE (OR = 2.03[1.06-3.89], P =0.03) and high T stage (OR =
2.03[1.06-3.89], P =0.03) were each more frequent in the obese group than in the normal
weight group (Table 5).

When the patient’s age was < 55 years, ETE and high T stage tumors were more common
in the overweight group than in the normal weight group, with ORs = 1.77(1.14-2.74),
P =0.01, ORs = 1.80 (1.16-2.78), P = 0.008 respectively. ETE (OR = 1.70 [1.02-2.83],
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Table 2 Demographic and clinico-pathological characteristics of patients with different BMI.

characteristic BMI < 18.5 18.5 < BMI < 24 24 <BMI <28 BMI > 28 x? P
N (%) N (%) N (%) N (%)
gender
male 0(0.00) 78(12.44) 141(24.23) 127(35.98) 80.28 <0.0001
female 17(100.00) 549(87.56) 441(75.77) 226(64.02)
age
<55 14(82.35) 494(78.79) 378(64.95) 242(68.75) 27.05 <0.0001
>55 3(17.65) 133(21.21) 204(35.05) 110(31.25)
TSH
normal 16(94.12) 590(94.10) 552(94.85) 327(92.63) 1.92 0.5884
abnormal 1(5.88) 37(5.90) 30(5.15) 26(7.37)
Number of tumors
1 12(70.59) 415(66.19) 373(64.09) 218(61.76) 2.26 0.5207
>2 5(29.41) 212(33.81) 209(35.91) 135(38.24)
Tumor size
<1 8(47.06) 374(59.65) 326(56.01) 198(56.09) 2.74 0.4327
>1 9(52.94) 253(40.35) 256(43.99) 155(43.91)
Extrathyroidal extension
absent 16(94.12) 567(90.43) 475(81.62) 293(83.00) 22.25 <0.0001
present 1(5.88) 60(9.57) 107(18.38) 60(17.00)
lymph node metastasis
absent 8(47.06) 348(55.50) 332(57.04) 187(52.97) 1.96 0.5810
present 9(52.94) 279(44.50) 250(42.96) 166(47.03)
T staging
1411 16(94.12) 567(90.43) 474(81.44) 293(83.00) 22.81 <0.0001
Il + IV 1(5.88) 60(9.57) 108(18.56) 60(17.00)
TNM staging
I4+1I 17(100.00) 617(98.41) 545(93.64) 336(95.18) — 0.0002°
I + IV 0(0.00) 10(1.59) 37(6.36) 17(4.82)
Notes.

*Fisher’s exact test was performed because one expected frequency less than 1.

P =0.04), high T stage (OR = 1.68[1.01-2.80], P = 0.04) and multifocality (OR = 1.50
[1.08-2.09], P = 0.02) were each more frequent in the obese group than in the normal
weight group (Table 6).

DISCUSSION

Thyroid cancer is the most common malignant tumor in the endocrine system. Its incidence
has increased year by year in the past 20 years. In 2012, the number of new cases of thyroid
cancer in China accounted for 15.6% of the global number of new cases, and the number of
deaths accounted for 13.8%2. PTC is the most common histological type of thyroid cancer,
accounting for about 80% of its incidence (Ahmad et al., 2018). In recent decades, advances
in thyroid ultrasonography, increased use of fine needle biopsy, and occasional findings

from other neck imaging studies have been made; however, these do not fully explain the
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Table 3 Logistic regression of BMI level on different adverse clinico-pathological characteristics.

BMI < 18.5 18.5 <BMI <24 24 <BMI <28 BMI > 28
N=17 N =627 N =582 N =353
Multifocality
OR (95%CI) 0.80(0.28,2.31) Reference 1.12(0.88,1.43) 1.26(0.95,1.66)
p 0.68 0.36 0.10
tumor size > 1 cm
OR (95%CI) 1.69(0.64,4.46) Reference 1.13(0.89,1.43) 1.12(0.84,1.45)
p 0.28 0.29 0.47
Extrathyroidal extension
OR (95%CI) 0.60(0.08,4.65) Reference 1.99(1.41,2.81) 1.82(1.23,2.71)
P 0.63 <0.0001 0.002
lymph node metastasis
OR (95%CI) 1.47(0.56,3.87) Reference 0.92(0.73,1.16) 1.02(0.78,1.34)
p 0.43 0.48 0.88
T staging(stage III + IV)
OR (95%CI) 0.61(0.08,4.66) Reference 2.01(1.43,2.84) 1.82(1.23,2.70)
P 0.63 <0.0001 0.003
TNM staging (stage III + IV)
OR (95%CI) — Reference 2.94(1.42,6.07) 2.23(0.99,5.05)

P —

0.003

0.05

Table 4 Logistic regression of BMI level on different adverse clinico-pathological characteristics

(female).
BMI < 18.5 18.5 < BMI < 24 24 <BMI < 28 BMI > 28
N=17 N =549 N =441 N =226
Multifocality
OR (95%CI) 0.80(0.28,2.30) Reference 1.07(0.82,1.39) 1.34(0.97,1.85)
p 0.68 0.64 0.08
tumor size >1 cm
OR (95%CI) 1.68(0.64,4.44) Reference 1.14(0.89,1.48) 1.07(0.78,1.47)
P 0.29 0.30 0.68
Extrathyroidal extension
OR (95%CI) 0.64(0.08,4.95) Reference 2.10(1.43,3.08) 2.45(1.58,3.82)
p 0.67 0.0002 <0.000
lymph node metastasis
OR (95%CI) 1.53(0.58,4.03) Reference 0.94(0.73,1.22) 1.19(0.88,1.64)
p 0.39 0.66 0.27
T staging (stage III + IV)
OR (95%CI) 0.64(0.08,4.95) Reference 2.10(1.43,3.08) 2.45(1.58,3.82)
p 0.67 0.0002 <0.000
TNM staging (stage III + IV)
OR (95%CI) — Reference 2.86(1.18,6.94) 3.99(1.55,10.28)
P — 0.02 0.0004
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Table 5 Logistic regression of BMI level on different adverse clinico-pathological characteristics (age

~The number of people in this group is too small to calculate the correlation.

>55).
BMI < 18.5 18.5 < BMI < 24 24 < BMI < 28 BMI > 28
N=3 N =133 N =204 N =110
Multifocality
OR (95%CI) — Reference 1.02(0.65,1.60) 0.76(0.45,1.31)
P — 0.95 0.32
tumor size >1 cm
OR (95%CI) — Reference 1.38(0.88,2.15) 1.28(0.77,2.14)
p — 0.16 0.34
Extrathyroidal extension
OR (95%CI) — Reference 2.19(1.22,3.89) 2.03(1.06,3.89)
p — 0.009 0.03
lymph node metastasis
OR (95%CI) — Reference 1.07(0.68,1.67) 1.18(0.71,1.98)
P — 0.78 0.52
T staging (stage III + IV)
OR (95%CI) — Reference 2.18(1.22,3.89) 2.03(1.06,3.89)
p — 0.008 0.03
TNM staging (stage III + IV)
OR (95%CI) — Reference 2.42(1.15,5.13) 2.01(0.87,4.67)
P — 0.02 0.10
Notes.

Table 6 Logistic regression of BMI level on different adverse clinico-pathological characteristics (age

<55).
BMI < 18.5 18.5 <BMI <24 24 <BMI <28 BMI > 28
N=14 N =494 N =378 N =243
Multifocality
OR (95%CI) 1.13(0.37,3.44) Reference 1.02(0.65,1.60) 0.76(0.45,1.31)
P 0.82 0.95 0.32
tumor size >1 cm
OR (95%CI) 2.68(0.88,8.16) Reference 1.38(0.88,2.15) 1.28(0.77,2.14)
p 0.08 0.16 0.34
Extrathyroidal extension
OR (95%CI) 0.83(0.11,6.49) Reference 2.19(1.22,3.89) 2.03(1.06,3.89)
p 0.86 0.009 0.03
lymph node metastasis
OR (95%CI) 1.69(0.58,4.95) Reference 1.07(0.68,1.67) 1.18(0.71,1.98)
P 0.34 0.78 0.52
T staging (stage III + IV)
OR (95%CI) 0.83(0.11,6.52) Reference 2.18(1.22,3.89) 2.03(1.06,3.89)
P 0.86 0.008 0.03
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increasing incidence of PTC, including stage III and IV PTC. Some scholars speculate that
this incidence may be affected by other factors such as the environment and lifestyle 3,4.At
the same time, several epidemiological studies on obesity and cancer have found that the
risks of endometrial, colorectal, breast, thyroid, and prostate cancer are closely related to
BM]I, and the risk of PTC is positively correlated with BMI (Lauby-Secretan et al., 2016; Ma
et al., 2015). It is concerning that with the urbanization of China, the number of overweight
and obese patients has become high, and the Chinese population is no longer a population
with a low average BMI. According to statistics, overweight and obese people account for
close to 29.2% of the total population of China (Gordon-Larsen, Wang ¢ Popkin, 2014).
In this study, the 17 underweight patients accounted for only 1% of the patients enrolled,
while those who were overweight and obese accounted for 59.2%. The epidemiology of
obesity and PTC is shows significant time-trend correlations, suggesting that obesity acts
as a risk factor for the occurrence and development of PTC (Pappa ¢ Alevizaki, 2014).

At present, the relationship between obesity and the pathological features of PTC
remains controversial. Kin et al. (2016) found that the risk of ETE among patients with
PTC increases with the increase in BMI, and is closely related to the multifocality of the
tumor. Another study showed that elevated BMI is associated with tumor size and TNM
staging (Dieringer et al., 2015). Our study used the Chinese BMI standard and the TNM
staging of the eighth edition of AJCC for all patients. Based on multiple logistic regression,
the results showed that the proportion of TNM III/IV tumors (OR = 2.86[1.18-6.94],

P =0.02) and the risk of ETE (OR = 1.99(1.41-2.81], P<0.0001) increased significantly in
overweight group, while tumor size, lymph node metastasis, and multifocal tumors were
not significantly associated with BMI; the risk of ETE (OR = 1.82[1.23-2.71], P =0.002)
in the obese group increased with BMI. Kim et al. (2015) found that BMI is associated with
tumor invasion, lymphatic invasion, lymph node metastasis, and tumor multifocality, in
patients with PTC. In contrast, some studies suggest that there is no significant correlation
between obesity, and clinical pathological features and the recurrence of PTC (Kwon et
al., 2015; Grani et al., 2019). It is worth noting that clinical BMI has certain limitations
as the sole criterion for assessing obesity, especially when it reflects the lack of specificity
in centripetal obesity (Rosen ¢» Spiegelman, 2014). This may be an important reason for
the difference in the conclusions of the above studies. We look forward to establishing

a more comprehensive obesity evaluation index system, including BMI and abdominal
circumference index, in future research.

At present, molecular mechanisms related to obesity and tumors indicate that obesity
can promote tumor invasion and metastasis through a variety of obesity-related factors
and metabolic pathways (Marcello et al., 20145 Avgerinos et al., 2019). Adiponectin can
reduce the expression of vascular endothelial growth factor (VEGF) and B-cell lymphoma
factor-2 (Bcl-2), increase the activity of tumor suppressors such as P53, and inhibit tumor
growth and survival. Obesity causes a decrease in adiponectin, and the loss of its receptor
expression may be an important mechanism for promoting the progression of PTC.
Leptin can increase the expression of VEGF, interleukin-6 (IL-6), and tumor necrosis
factor-a (TNF-a) to promote progression and metastasis of thyroid cancer (Vansaun,
2013). Overexpression of leptin and its receptors is significantly associated with the
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aggressiveness of thyroid cancer (Fan ¢ Li, 2015). Park et al., (2018) found that a high-fat
diet induced more aggressive pathological changes, which were mediated by increased
activation of the Janus kinase 2-signaling transducer, activation of the transcription 3
(STATS3) signaling pathway, and induction of STAT3 target gene expression. The discovery
of these mechanisms not only reveals the potential molecular basis of obesity as a risk factor
in the development and progression of thyroid cancer, but also provides a new therapeutic
direction for the future.

CONCLUSIONS

In summary, obesity is closely related to the risk of PTC and the invasiveness of tumors.
Controlling body weight through regular exercise and a reasonable diet and reducing
obesity should be important prevention and treatment methods for patients with papillary
thyroid cancer and high-risk groups.
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