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Background: The clinicopathological characteristics of patients with papillary thyroid carcinoma (PTC)
combined with type 2 diabetes mellitus (T2DM) and patients with PTC alone were explored and compared
in order to provide a more reasonable treatment plan for the clinical diagnosis and treatment of these
patients.

Methods: A total of 1,771 patients from January 2017 to December 2019 who underwent PTC surgery
for the first time in the west branch of the Fourth Hospital of Hebei Medical University were analyzed
retrospectively. Among them, 111 patients had PTC with T2DM (D-T group) and 1,660 patients had PTC
alone (PTC group). The differences in general data and clinical characteristics between the D-T group and
the PTC group were analyzed.

Results: There were statistically significant differences in age, gender, and body mass index (BMI) between
the D-T group and PTC group (P<0.05). Multifocality and extra-glandular invasion in the D-T group were
significantly higher than the PTC group (P<0.05). In women, the D-T group was older, had a higher BMI,
and was more likely to have extra-glandular invasion (P<0.05) than the PTC group. The prognosis of the D-T
group was worse than that of the PTC group as determined by 3 well-developed prognostic staging systems,
8th AJCC TNM staging, MAGIS SCORE, AMES staging, and the results were statistically significant
(P=0.001, P<0.001, P=0.021).

Conclusions: Our study showed that the overall prognosis of PTC patients with T2DM was worse than
that of patients with PTC alone. At the same time, especially in patients younger than 55 years of age,
multifocal carcinoma and extra-glandular invasion are likely to occur. In addition, female patients with
T2DM are more likely to have extra-glandular invasion than male patients. Therefore, for such patients,

preoperative evaluation should be fully conducted.
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Introduction

Thyroid cancer (TC) accounts for about 1% of all
malignant tumors in the body and 1/3 of head and neck
tumors (1), and its incidence is increasing year by year (2).
Papillary thyroid carcinoma (PTC) accounts for 80-85%
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of TCs (2). Compared with other pathological types of
TC, PTC has a lower degree of malignancy, but a higher
rate of distant metastasis and recurrence. Furthermore, not
all types of PTC have a long survival (3). At present, some

studies have found that PTC metastasis, recurrence, and
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prognosis are affected not only by thyroid-related causes,
such as extra-glandular invasion of the primary TC and
multifocal and lymphatic vascular invasion, but also by its
concomitant diseases, which may have a certain impact on
the occurrence and progression of TC (1,3,4).

The incidence of type 2 diabetes mellitus (T2DM) has
been on the rise in recent years. Studies have confirmed
that T2DM is significantly positively correlated with the
occurrence and development of liver cancer, kidney cancer,
colorectal cancer, and pancreatic cancer, among others
(5,6). T2DM and TC are both diseases of the endocrine
system. It has been found that the incidence of TC in
T2DM is higher than the common incidence (7,8). Study
showed that for PTC patients 44 years of age or younger,
the increase in the prevalence of diabetes was more than
twice expected (9). Currently, it is believed that T2DM’s
influence on malignant tumors is multi-dimensional, and
the related causes of malignant tumors include oxidative
stress injury, aggregation of various inflammatory factors,
increase of tumor necrosis factor o, hyperglycemia and
insulin resistance, among others (6,10). Hyperglycemia
may be the primary risk factor. A study by the Metabolic
Syndrome and Cancer Project, which pooled six prospective
cohort, showed that overall cancer rates were positively
correlated with blood glucose concentration, but the
risk of TC was increased significantly only in men (11).
Another study showed that the individuals with high fasting
serum glucose levels and abnormal thyroid-stimulating
hormone concentration had an increased PTC risk (12).
However, there are still few studies on the differences in
clinicopathological features between T2DM patients with
TC and TC alone, and the conclusions of them are not
consistent. Our study is unique in that it is the study to
focus exclusively on patients with PTC. The purpose of
this study is to investigate the relationship between T2DM
patients with PTC and those with PTC alone, especially
the difference between sex, age, and prognosis, in order
to improve the clinical understanding of the correlation
between PTC and T2DM. Meanwhile, in our study, three
conventional prognosis systems [AMES (13), MACIS (14)
and TNM (15)] were used to estimate the long-term
prognosis. This will help clinicians find a more appropriate
surgical range, develop reasonable individual surgical plans
for patients, and improve their prognosis. We present the
following article in accordance with the STROBE reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-21-905/rc).
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Methods
Patients

Data from a total of 1,771 hospitalized patients undergoing
PTC surgery for the first time from January 2017 to
December 2019 in the East District of the Fourth Hospital
of Hebei Medical University were collected. Among them,
111 patients were PTC patients with T2DM (D-T group),
and the age range was 28-74 (x = SD, 53.59+10.25) years.
At the same time, there were 1,660 patients with PTC
alone (PTC group), with an age range of 14-78 (x = SD,
44.41+11.81) years.

Clinicopatbological characteristics

The following clinical characteristics of PTC patients were
recorded: gender, age at diagnosis, height, weight, body
mass index (BMI), and family history. The pathological
features of PT'C were as follows: maximum diameter of the
tumor, multifocal lesions, bilateral lesions, capsular invasion
only, extrathyroid extension (ETE), recurrent laryngeal
nerve invasion, tracheal invasion, esophageal invasion,
combined with Hashimoto’s thyroiditis (HT), pathological
T stage, and lymph node metastasis. Prognosis was
assessed using the American Joint Committee on Cancer
(AJCC) 8" edition TNM staging system, the Metastases,
Age, Completeness of resection, Invasion, Size (MACIS)
scoring system, and the Age, Metastasis, Extent, Size
(AMES) clinical staging system. The AMES staging system
contains two groups (13,16): low risk group and high-risk
group. Low risk group: (I) for males <41 years and females
<51 years patients, both of them without distant metastasis,
and (II) for elderly patients with tumors <5 cm with no
ETE in PTC. High risk group: (I) younger patients with
distant metastasis and (II) for males >41 years or females
>51 years patients with tumors >5 cm or ETE in PTC.
The MACIS staging system (14) has showed that patients
with high score usually would have a poor prognosis. The
score is 3.1 (if the patient is <39 years) or 0.08 x age (if
the patient is >40 years) + tumour size (cm) x 0.3 + 1 (if
the tumour is not completely resectable) + 1 (if it is locally
invasive) + 3 (if it is in the presence of distant metastasis).
Four groups should be divided by score: group 1: score <6;
group 2: score 6-6.99; group 3: score 7-7.99; and group
4: score >8. The differences in various factors between the
D-T and PTC groups were analyzed. At the same time, the
subgroups were defined and compared by age and gender.
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This study was approved by the Ethics Committee of The
Fourth Hospital of Hebei Medical University and Hebei
Tumor Hospital (No. 2020KS018). All participants fully
understood the experimental protocol and signed informed
consent forms. All procedures performed in this study were
in accordance with the Declaration of Helsinki (as revised
in 2013).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) the postoperative
pathology of all patients was PTC; (II) all patients
underwent unilateral or total thyroidectomy plus preventive
neck dissection (including central region dissection =
lateral neck dissection); (III) there was no history of
other malignant tumors; (IV) no history of thyroid or
neck surgery; (V) complete clinical and pathological data.
The exclusion criteria were as follows: (I) type 1 diabetes
mellitus; (IT) severe cardiovascular and cerebrovascular
diseases or heart, liver, and lung diseases and renal
insufficiency. PTC was confirmed by postoperative
pathology. T2DM was diagnosed by meeting the latest
research criteria of the American Diabetes Association

(ADA) and the World Health Organization (WHO).

Statistical methods

SPSS 24.0 statistical software was used for data processing.
Measurement data conforming to a normal distribution were
expressed as X = SD, and the #-test was used for comparisons
between groups. Nonparametric tests were used for rank
data and continuous data with a nonnormal distribution.
Statistical data were expressed by percentage or number of
cases, and comparison between groups was performed by
the ¢’ test and Fisher’s exact probability method. Logistic
regression analysis was used for multivariate analysis. All
statistical tests were two-sided probability tests, and P<0.05
was considered statistically significant.

Results

Analysis of general and clinicopathological features of the
overall data

From January 2017 to December 2019, a total of 1,771 PTC
patients undergoing surgery in the Fourth Hospital of Hebei
Medical University were enrolled. Among the included
patients, 415 were male (23.4%) and 1,356 were female
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(76.6%), with an average age of 44.98+11.98 years. Multifocal
lesions were detected in 630 cases (35.6%), bilateral lesions
in 434 cases (24.5%), thyroid gland invasion in 411 cases
(23.2%), ETE in 355 cases (20.0%), and positive lymph node
metastasis in 924 cases (52.2%) during the first operation.
Table 1 describes the details of the enrolled patients.

Comparison of the general situation and clinical features
between the 2 groups

There were statistically significant differences in age
and gender between the D-T group and the PTC group
(P<0.05), and males and >55 years old accounted for a
higher proportion in the D-T group. The difference
in BMI between the D-T group and PTC group was
statistically significant (P<0.001). The proportion of pT1
tumor stage in the D-T group was significantly lower than
that in the PTC group (x’=6.058, P=0.014). Meanwhile, in
terms of ETE, the D-T group was significantly higher than
the PTC group (x’=5.701, P=0.017). In terms of muscle,
esophagus, trachea, and recurrent laryngeal nerve invasion,
the proportions of the D-T group were higher than those
of the PTC group, though differences were not statistically
significant. In addition, there were no significant differences
in tumor diameter, HT, multifocal lesions, bilateral lesions,
and lymph node metastasis. The multivariate logistic
regression analysis found that age (P=0.001, OR =3.582),
gender (P=0.015, OR =1.691), and BMI (P=0.018, OR
=1.736) were independent factors, and all were positive
factors (Tuble 2).

Influence of age on clinicopathological features

The 2 groups of patients were divided into groups
according to age and analyzed and compared in terms of
gender, BMI, maximum tumor diameter, multifocal lesions,
bilateral lesions, capsular invasion only, ETE, and lymph
node metastasis. The results showed that in the younger age
group (<55 years old), the proportion of males in the D-T
group was higher (x’=8.033, P=0.005), and the incidence
of multifocal carcinoma in the D-T group was higher
('=4.816, P=0.028) than that in the PTC group (x'=4.711,
P=0.030). However, there were no significant differences

among the elderly group (Table 3).

Effects of gender on clinicopathological features

The 2 groups were divided into groups according to sex and
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Table 1 Patients’ demographic features and clinicopathological characteristics

Variables Total (n=1,771) %
Age (mean + SD, years) 44.98+11.93 -
Groups (<55 or =55 years) 1,362/409 76.9/23.1
Gender (male/female) 415/1,356 23.4/76.6
Family history (yes/no) 51/1,720 2.9/97.1
BMI (<24 or =24, kg/m?) 700/1,071 39.5/60.5
Tumor size (mean + SD, cm) 1.10+0.79 -
Multifocality (yes/no) 630/1,141 35.6/64.4
Bilaterality (yes/no) 434/1,337 24.5/75.5
Capsular invasion only (yes/no) 411/1,360 23.2/76.8
Extrathyroidal extension (yes/no) 355/1,416 20.0/80.0
Strap muscle invasion (yes/no) 260/1,511 14.7/85.3
Laryngeal recurrent nerve invasion (yes/no) 92/1,679 5.2/94.8
Esophagus invasion (yes/no) 25/1,746 1.4/98.6
Trachea invasion (yes/no) 60/1,711 3.4/96.6
Lymph node metastases (yes/no) 924/847 52.2/47.8
Hashimoto’s thyroiditis (yes/no) 137/1,634 7.7/92.3
PT1/PT2-T4 1,337/434 75.5/24.5
pMO0/pM1 1,669/2 94.2/5.8

SD, standard deviation; BMI, body mass index.

compared in terms of age, BMI, maximum tumor diameter,
multifocal lesions, bilateral lesions, ETE, and lymph node
metastasis. The results showed that the D-T group had a
higher age ('=43.621, P<0.001) and a higher BMI (;/=7.919,
P=0.005) than the PTC group, with significant differences.
At the same time, ETE was mainly found in women.
Among women, the incidence of ETE was higher in the D-T
group than that in the PTC group, and the difference was
statistically significant (x’=6.633, P=0.010). In males, there
was only a difference in age between the 2 groups. There
were also differences in BMI and ETE percentages, both of
which were higher than the PTC group, but these did not
reach significance (Table 4).

Evaluation of expected outcomes of the 2 groups using
different staging or scoring systems

Prognosis was assessed using 3 well-developed prognostic
staging systems. The 2 groups were statistically significant
in terms of the 3 staging systems, 8" AJCC TNM staging,
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MAGIS SCORE, AMES staging (P=0.001, P<0.001, and
P=0.021) (7able 5). However, when prognosis was assessed
by different sex, there was a big difference between
female and male groups in terms of the MAGIS SCORE
and AMES staging. The female group was statistically
significant in terms of those two staging systems (x’=5.286,
P=0.021 and x’=15.236, P<0.001), but the male group was
not (x’=3.744, P=0.053 and %’=0.346, P=0.557). However,
when patients were assessed using the 8" edition TNM
staging system, whatever in all patients, the female group or
the male group, the differences were statistically significant
(P<0.001, P=0.001 and P<0.001; Tbles 6,7).

Discussion

T2DM is a common endocrine disease, and studies in
recent years have suggested that T2DM is significantly
correlated with the occurrence of TC (6,17) According to
current studies (6,10), abnormal glucose metabolism caused
by T2DM may be the main reason for its influence on
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Table 2 Clinicopathological characteristics of 1,771 PTC patients with and without T2DM

Univariate analysis

Multivariate analysis

Variables
D-T group PTC group t/y value P value OR 95% Cl P value
Age (years)
<55 55 (49.5%) 1,307 (78.7%) 49.898 <0.001* 3.582 2.411-5.324 <0.001*
>55 56 (50.5%) 353 (21.3%)
Gender
Male 37 (33.3%) 378 (22.8%) 6.469 0.0117 1.691 1.105-2.588 0.015°
Female 74 (66.7%) 1,282 (77.2%)
BMI (kg/m?) 26.35+3.60 25.07+3.78 - <0.001**
BMI (kg/m?)
<25 41 (36.9%) 786 (51.3%) 8.544 0.003* 1.736 1.101-2.739 0.018°
>25 70 (63.1%) 874 (48.7%)
Family history 5 (4.5%) 46 (2.8%) 0.584 0.445
HT (+) 6 (5.4%) 131 (7.9%) 0.901 0.343
Tumor size (cm) 1.12+£0.80 1.10+£0.79 - 0.486"
pT1 73 (65.8%) 1,264 (76.1%) 6.058 0.014*
Multifocality (+) 47 (42.3%) 583 (35.2%) 2.368 0.124
Bilaterality (+) 32 (28.8%) 402 (24.2%) 1.196 0.274
Capsular invasion only (+) 27 (24.3%) 384 (23.1%) 0.083 0.773
Extrathyroidal extension (+) 32 (28.8%) 323 (19.5%) 5.701 0.017% 1.479 0.953-2.295 0.081*
Strap muscle invasion (+) 22 (19.8%) 248 (14.9%) 1.918 0.166
Esophagus invasion (+) 2 (3.7%) 24 (2.5%) 0.015 0.902
Trachea invasion (+) 6 (10.3%) 55 (5.5) 2.429 0.119
Recurrent laryngeal nerve 7 (11.9%) 92 (8.8%) 0.641 0.423
invasion (+)
Lymph node metastasis (+) 50 (45.0%) 874 (562.7%) 2.412 0.120

? statistically significant (P<0.05). All calculated using two-tailed Student’s t-test.”, calculated using the t-test. Others calculated using the
chi-square test. OR, odds ratio; Cl, confidence interval; ETE, extrathyroidal extension; BMI, body mass index; HT, Hashimoto’s thyroiditis;

T2DM, type 2 diabetes mellitus; PTC, papillary thyroid carcinoma.

the occurrence and development of TC. In this study, the
differences in age and proportion of stage I disease between
patients with PTC combined with T2DM and patients with
PTC alone were similar to those in previous studies (18). In
the AJCC TNM staging system, the age at which a patient
is initally diagnosed with PTC is an important prognostic
parameter (19). In the recently updated 8" edition, the age
of PTC staging was raised from 45 to 55 years, suggesting
that the age of PTC patients should be paid attention to. At
the same time, previous studies have shown that in PTC,
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males are more prone to bilateral and multifocal carcinoma
and cervical lymph node metastasis than females (1,17,20).
In this study, it was found that among patients younger
than 55 years old, there were more male patients with
PTC complicated with diabetes than patients with PTC
alone, and they were more prone to multiple foci and extra-
glandular invasion. Therefore, sufficient attention should be
paid to male patients with PTC complicated with diabetes,
especially those under 55 years old.

In addition, in terms of gender, we found significant
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Table 3 The influence of age on pathological characteristics

D-T 111 PTC 1660
Variables
A: <55 B: =55 P1 C: <55 D: =55 P2 P3 P4

Gender 0.140 0.291 0.005*  0.302

Male 22 (40%) 15 (26.8%) 305 (23.3%) 73 (20.7%)

Female 33 (60%) 41 (73.2%) 1,002 (76.7%) 280 (79.3%)
Tumor size (cm) 1.08+0.78 1.14+0.85 0.485 1.03+0.53 1.21+1.0 0.829 0.474 0.901
Multifocality (+) 27 (49.1%) 20 (35.7%) 0.154 453 (34.7%) 130 (36.8%) 0.449 0.028 0.872
Capsular invasion only (+) 12 (21.8%) 15 (26.8%) 0.542 307 (23.5%) 77 (21.8%) 0.508 0.774 0.408
Extrathyroidal extension (+) 16 (29.1%) 16 (28.6%) 0.952 230 (17.6%) 93 (26.3%)  <0.001* 0.030* 0.416
Bilaterality (+) 18 (32.7%) 14 (25%) 0.369 302 (23.1%) 100 (28.3%)  0.042° 0.099 0.606
Lymph node metastasis (+) 28 (50.9%) 22 (39.3%) 0.218 718 (54.9%) 156 (44.2%) <0.001*  0.557 0.491

Data are n (%) or mean + SD. P1 = A group vs. B group; P2 = C group vs. D group; P3 = A group vs. C group; P4 = B group vs. D group. ?,
statistically significant (P<0.05). All calculated using two-tailed Student’s t-test. All calculated using the chi-square test. D-T: D-T group (PTC
patients with T2DM). PTC: PTC group (patients with PTC alone).

Table 4 The influence of sex on pathological characteristics

D-T 111 PTC 1660
Variables
A:male (n, %) B: female (n, %) P1 C:male (n, %) D: female (n, %) P2 P3 P4

Age, years

<55 22 (59.5) 33 (44.6) 0.140 305 (80.7) 1,002 (78.2) 0.291 0.003* <0.001°

>55 15 (40.5) 41 (55.4) 73 (19.3) 280 (22.8)
BMI (kg/m?)

<24 6(16.2) 21 (28.4) 0.159 95 (25.1) 578 (45.1) <0.001* 0.228  0.005%

>24 31(83.8) 53 (71.6) 283 (74.9) 704 (54.9)
Diameter (cm)

<1 20 (54.1) 51 (68.9) 0.124 241 (63.8) 850 (66.3) 0.359 0.244 0.643

>1 17 (45.9) 23 (31.1) 137 (26.2) 432 (33.6)
Multifocality (+) 14 (37.8) 33 (44.6) 0.497 144 (38.1) 439 (34.2) 0.168 0.975 0.069
Bilaterality (+) 13 (35.1) 19 (25.7) 0.300 96 (25.4) 306 (23.9) 0.542 0.199 0.732
Capsular invasion only (+) 10 (27.0) 17 (22.1) 0.561 90 (23.8) 294 (22.9) 0.722 0.662 0.862
Extrathyroidal extension (+) 8(21.6) 24 (32.4) 0.236 67 (17.8) 256 (20.0) 0.333 0.557 0.010°
Lymph node metastasis (+) 23 (62.2) 27 (36.5) 0.010 263 (69.6) 611 (47.7) <0.001* 0.352  0.061

P1 = A group vs. B group; P2 = C group vs. D group; P3 = A group vs. C group; P4 = B group vs. D group. %, statistically significant (P<0.05).
All calculated using two-tailed Student’s t-test. All calculated using the chi-square test. D-T, D-T group (PTC patients with T2DM); PTC,
PTC group (patients with PTC alone); BMI, body mass index.
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Table 5 Evaluation of the expected prognostic outcomes of the 2 groups using different staging or scoring systems

Staging D-T group PTC group ¥’ value P value

8" AJCC TNM staging
Stage | 82 (73.9%) 1,469 (88.5%) 20.442 <0.001°
Stage II-IV 29 (26.1%) 191 (11.5%)

MAGIS SCORE
Mean + SD 5.18+1.01 4.54+0.96 - <0.001°
<6 88 (79.3%) 1,524 (91.8%) 15.085 <0.001°
>6 23 (20.7%) 136 (8.2%)

AMES staging
Low-risk 80 (72.1%) 1,337 (80.5%) 4.667 0.031°
High-risk 31 (27.9%) 323 (19.5%)

Data are n (%) or mean + SD. °, statistically significant (P<0.05). All calculated using two-tailed Student’s t-test. All calculated using the
chi-square test. D-T group, PTC patients with T2DM. PTC group, patients with PTC alone. AJCC, American Joint Committee on Cancer.

Table 6 Evaluation of the expected prognostic outcomes of the 2 groups by different sex using different staging or scoring systems (female)

Staging D-T group (n, %) PTC group (n, %) ? value P value
8" AJCC TNM staging
Stage | 56 (75.7) 1,140 (88.9) 11.798 0.001*
Stage II-IV 18 (24.3) 142 (11.1)
MAGIS SCORE
<6 58 (78.4) 1,176 (91.7) 15.236 <0.001°
>6 16 (21.6) 106 (8.3)
AMES staging
Low-risk 51 (68.9) 1,026 (80.0) 5.286 0.021*
High-risk 23 (31.1) 256 (20.0)

?, statistically significant (P<0.05). All calculated using two-tailed Student’s t-test. All calculated using the chi-square test. D-T group, PTC
patients with T2DM; PTC group, patients with PTC alone; AJCC, American Joint Committee on Cancer.

differences between the D-T group and the PTC group.
The D-T group had a higher proportion of males, which
was similar to the research results of Deng et a/. (21).
Gender plays an important role in TC. As early as more
than 10 years ago, Machens et a/. (22) showed that the
prognosis of male TC was worse, which was considered to
be related to distant metastasis. Recently, it has been found
that male PTC is a more aggressive disease, as male patients
have a larger tumor diameter and are more prone to cervical
lymph node metastasis than females, with a higher incidence
of advanced lesions and prognosis (20). Lee et al. (17)
showed that male was also an independent risk factor for

© Gland Surgery. All rights reserved.

postoperative recurrence in patients with PTC >1 cm.
Therefore, we believe that gender plays an important role
in TC. By further grouping and comparing the 2 groups
according to different genders, the results showed that the
effect of T2DM on PTC patients was mainly concentrated
in women, the elderly, and overweight patients. In women,
the proportion of patients with T2DM was higher. The
difference was only significant in men by age.

In this study, compared with the PTC group, ETE
showed significant differences between the 2 groups, and
extra-glandular extension has always been considered as a

factor affecting the prognosis of well-differentiated TC (23).
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Table 7 Evaluation of the expected prognostic outcomes of the 2 groups by different sex using different staging or scoring systems (male)

Staging D-T group (n, %) PTC group (n, %) ¥ value P value
8" AJCC TNM staging
Stage | 23 (62.2) 329 (87.0) 16.195 <0.001°
Stage II-IV 14 (37.8) 49 (13.0)
MAGIS score
<6 30 (81.1) 348 (92.1) 3.744 0.053
>6 7(18.9) 30(7.9)
AMES staging
Low-risk 29 (78.4) 311 (82.3) 0.346 0.557
High-risk 8 (21.6) 67 (17.7)

?, statistically significant (P<0.05). All calculated using two-tailed Student’s t-test. All calculated using the chi-square test. D-T group, PTC
patients with T2DM; PTC group, patients with PTC alone; AJCC, American Joint Committee on Cancer.

In this study, combined with the 8" edition of the AJCC
TNM staging system, we divided extra-glandular invasion
into 2 categories: simple invasion (capsule invasion) and
extra-glandular extension (including muscle, trachea,
esophagus, and recurrent laryngeal nerve invasion).
This new classification method effectively improved
the inconsistency between pathologists and observers in
reporting microscopic ETE. The surgeon’s intraoperative
ETE report was included in the final tumor staging.
Previous research (23) has shown that extra-glandular
extension is of great significance for the prognosis of TC,
which is more prone to invasion, metastasis, recurrence, and
worse prognosis. In this study, we found that the presence
of T2DM significantly increased the degree of invasion
in female patients, especially for the invasion of extra-
glandular muscle and invasion beyond the strap muscles,
and the proportion of the patients with extrathyroidal
extension also increased significantly. Overall, although the
proportion of T2DM patients with PTC is high in males,
its influence on females is greater, and the proportion of
patients with advanced age and BMI is higher. At the same
time, extra-glandular extension is more likely to occur,
which may lead to more distant metastasis and recurrence,
suggesting the need for a more aggressive approach to
clinical surgical procedures.

A study has shown that BMI is associated with the risk
of TC, and the higher the BMI, the greater the risk (24).
In men, obesity is associated with an increased risk of TC,
and obesity itself is an independent risk factor for TC. At
the same time, the risk of diabetic patients suffering from

© Gland Surgery. All rights reserved.

various types of cancer has been increasing, followed by an
increased risk of cancer death (25). Oberman et 4/. showed
that obesity and diabetes were significantly correlated with
the occurrence of differentiated thyroid cancer (DTC) to a
certain extent. In particular, BMI was a strong predictor of
DTC (26). Therefore, despite potential mechanisms such
as insulin resistance and sex hormone production disorders,
obesity may also be behind the association between diabetes
and cancer. In this study, we found significant differences
in BMI between the D-T group and the PTC group. Chen
et al. showed that the percentage of disease progression
in TC patients with T2DM was higher than that in non-
diabetic patients (18). At the same time, the overexpression
of estrogen receptors in TC cells may be one of the reasons
for the high incidence of TC in women. Estrogen can
enhance the transcription of target genes, thus leading to
the proliferation and differentiation of TC cells (27). In this
study, the proportion of overweight patients out of female
patients with T2DM was significantly higher than that
in the PTC group. Combined with previous studies, we
believe that this is also one of the reasons for the increase of
ETE in female T2DM patients. Combined with the results
of this study, obesity in diabetic patients not only increases
the incidence of PTC, but also promotes the progression of
PTC, enhances its invasiveness, and worsens the prognosis.
The reason may be related to the imbalance of sex
hormones caused by diabetes. Therefore, in clinical practice,
more attention should be paid to the relationship between
tumor location and surrounding structures in overweight
female patients with PTC complicated with T2DM. In view
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of its invasiveness, for patients with invasion at dangerous
locations suggested by ultrasound, such as near the trachea,
nerves, and the esophagus, puncture examination and
surgical treatment should be performed at an early stage.

In view of the short follow-up time of this study, we
used 3 scoring systems to analyze and evaluate prognosis.
Currently, AMES staging and the MACIS scoring system
are the most commonly used methods to predict survival
and develop selective treatment strategies for patients with
TC. Previous study has shown that T2DM leads to high
cancer-related mortality in patients with DTC (25). At the
same time, the total mortality of T'C patients with T2DM
has increased (18). The expected outcomes of this study
were consistent with these results. At the same time, we
conducted a gender-specific re-evaluation using AMES and
MACIS scores which showed that the prognosis of female
patients with diabetic PTC was worse than that of female
patients with PTC alone, while there was no significant
difference in male patients. Recent study has shown that
obesity and T2DM do not affect the prognosis of patients
with DTC (28). Combined with this study, we concluded
that the impact of T2DM on the prognosis of male patients
was not significant, but for the prognosis of female patients,
the expected score was still very different. Typically,
thyroxine supplementation is required after surgery and
the recurrence rate is reduced primarily through long-term
TSH hormone suppression therapy (15). Combined with
the results of this study, patients with T2DM, especially
female patients, have a poor prognosis. Therefore, in
addition to TSH hormone suppression therapy, attention
should be paid to the monitoring of blood glucose. At
the same time, according to the guidelines of American
Diabetes Association (ADA) and Chinese Diabetes Society
(CDS), the combination of diet, exercise, and drugs, to give
up smoking and alcohol, control weight could be used to
control the blood glucose in the PTC patients with T2DM.

The male sample size in this study was small, and this
was a retrospective study. Meanwhile, due to the short
follow-up period, no real prognostic analysis was conducted,
which may have resulted in biased results that cannot fully
reveal the real situation. In the future, the sample size will
continue to be expanded, and a prospective study will be
conducted in combination with clinical practice to verify
the conclusions.

Conclusions

Our study showed that among PTC patients with T2DM,

© Gland Surgery. All rights reserved.
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patients <55 years of age were more likely to have multifocal
lesions and extra-glandular extension. In women, the
incidence of extra-glandular extension was significantly
increased and the prognosis was worse. Therefore, for such
patients, preoperative evaluation should be fully conducted,
early operation should be performed, careful operation of
the surgical margin should be paid attention to during the
operation, and total resection plus preventive central region
dissection should be performed when necessary, in order to
minimize the recurrence rate and improve the prognosis of
such patients.
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