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Abstract

Key words

Background and Aims: Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy
in China, with cervical lymph node metastasis being a frequent and critical clinical feature that directly
affects patient prognosis and recurrence risk. In recent years, with the rapid increase in the prevalence of
overweight and obesity in China, the role of body mass index (BMI) in various tumors has attracted
growing attention. This study aimed to investigate the association between overweight and cervical LNM
in PTC, analyze sex-specific differences and influencing factors, and provide evidence for precise
clinical management.

Methods: A retrospective analysis was conducted on the clinicopathologic data of 1 445 patients with
classical PTC treated at Xiangya Hospital of Central South University between August 2021 and June
2022. Patients were divided into groups based on the presence or absence of lymph node metastasis.
Restricted cubic spline analysis explored the nonlinear relationship between BMI and lymph node
metastasis risk. Univariate and multivariate Logistic regression analyses were applied to identify
independent risk factors. Furthermore, sex-stratified analysis was performed among overweight patients
(BMI =24 kg/m?) to determine sex-specific risk factors for lymph node metastasis.

Results: Among all patients, 716 (49.6%) had lymph node metastasis. Univariate analysis showed that
BMI, sex, age, tumor diameter, multifocality, and extrathyroidal extension were significantly associated
with cervical lymph node metastasis in PTC patients (all £<0.05). A nonlinear positive correlation was
observed between BMI and lymph node metastasis risk, which was more pronounced in male patients.
Additionally, BMI was positively correlated with triglyceride levels and negatively correlated with high-
density lipoprotein cholesterol. Sex-stratified analysis revealed that in overweight male patients, younger
age (OR=0.954), larger tumor diameter (OR=1.085), and multifocality (OR=2.776) were independent
risk factors for LNM; in overweight female patients, younger age (OR=0.943) and larger tumor diameter
(OR=1.074) were the main influencing factors.

Conclusion: Overweight is closely associated with cervical lymph node metastasis in PTC, and the high-
risk factors for LNM differ between male and female overweight patients. Young age, larger tumor size,
and multifocality in overweight males, and young age and larger tumors in overweight females indicate a
higher risk of metastasis. It is recommended that high-risk populations receive enhanced preoperative
evaluation and individualized lymph node dissection strategies to achieve precise treatment and
improved risk control.

Thyroid Cancer, Papillary; Lymphatic Metastasis; Overweight; Risk Factors
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1.3 FitFaE

fii 41 SPSS 27.0 B3 ERAFFI R (4.42) FAF XS
W B B BCHE AT A0 A o THECREORE LB R (A 43 L)
[n (%) 13w, WARNJLERM REE; AMFE
TS T (S o il A N A R VA G G LTS o vl =1 )
[M (IQR) 1%/~ , K Mann-Whitney U 5 % 1 17
PR ) LG . R B 2 57 R SR B 5E BMIT 5 bk
LB LR FRARN DA B 2E R0
AR 9 G Logistic 1, #Hi7 Z WK 2 0r, P<
0.05 822 F A it 2# 5 L.
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M1 058 i (73.2%) ; AR K 18~78 %, i
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25.64) kgm’, A LHE T, 430141 (29.8%) &I
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®1 THEBEEBASHELEERBARKREFELLR

Table 1 Comparison of clinicopathologic characteristics between the non-lymph node metastasis group and the lymph node

metastasis group

(SES ToMk a5 R 20 (n=729) WRELAEHAL A (n=716) Xz P
5[ (%)]
% 140(19.2) 247(34.5)
43.081 <0.001
5’y 589(80.8) 469(65.5)
AERAS  M(IQR)] 47(38~54) 40(33~50) —7.243 <0.001
BMI(kg/m?)
LS M(IQR)] 22.99(21.48~25.24) 23.89(21.63~26.04) -2.763 0.006
A n(%)]
<24 457(62.7) 384(53.6)
12.181 <0.001
>24 272(37.3) 332(46.4)
TSH [mIU/L,M(IQR)] 2.10(1.44~3.14) 2.01(1.37~3.02) -1.215 0.224
FRAR CCHERAR R [0 (%) ]
HIf 214(29.4) 216(30.2)
) 0.114 0.736
TR 515(70.6) 500(69.8)
Jibea A% (mm)
ST E[M(IQR)) 6.0(5.0~10.0) 9.0(6.0~15.0) -10.520 <0.001
5327 n (%))
<10 591(81.1) 442(61.7)
66.273 <0.001
>10 138(18.9) 274(38.3)
L4 (%))
= 183(25.1) 265(37.0)
23.946 <0.001
i 546(74.9) 451(63.0)
BRAMZALIn(%)]
H 25(3.4) 56(7.8)
13.168 <0.001
7 704(96.6) 660(92.2)
kA AR n (% )]
H 9(1.2) 22(3.1)
5.813 0.016
7 720(98.8) 694(96.9)
#HZAZILn(%)]
H 7(1.0) 14(2.0)
2.497 0.114
T 722(99.0) 702(98.0)
H i =& [mmol/L, M(IQR)| 1.19(0.83~1.77) 1.26(0.88~1.95) -2.252 0.024
JIEL [ i [mmol /L, M (IQR) ] 4.55(3.97~5.21) 4.54(3.90~5.17) -0.786 0.432
HDL-C [mmol/L,M(IQR)] 1.19(1.01~1.39) 1.13(0.95~1.35) -3.231 0.001
LDL-C [mmol/L, M(IQR)] 2.89(2.44~3.44) 2.89(2.42~3.39) -0.023 0.981
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Table 2 Comparison of clinicopathologic characteristics between the non-CLNM group and the CLNM group

Mz 3E CLNM 4 (n=751) CLNM 41 (n=694) Xz P
Peiln(%)]
3 145(19.3) 242(34.9)
9.527 <0.001
& 606(80.7) 452(65.1)
AEA[% , M(IQR)] 47(38~54) 40(33~50) -7.814 <0.001
BMI(kg/m?)
LM (IQR)) 23.01(21.48~25.27) 23.61(21.63~26.02) -2.535 0.011
I3 0 (%))
<24 466(62.0) 375(54.0)
9.527 0.002
>24 285(38.0) 319(46.0)
TSH [mIU/L, M(IQR)] 2.09(1.43~3.13) 2.02(1.37~3.02) -0.908 0.364
A CCHER R R [0 (%) ]
HIF 221(29.4) 209(30.1)
0.082 0.775
ENEEE 530(70.6) 485(69.9)
Ji9eq ELA% (mm)
LA B M(IQR) ] 6.0(5.0~10.0) 9.0(6.0~15.0) -10.291 <0.001
2 n(%)]
<10 604(80.4) 429(61.8)
61.290 <0.001
>10 147(19.6) 265(38.2)
Z A n(%)]
& 193(25.7) 255(36.7)
20.568 <0.001
w 558(74.3) 439(63.3)
BRAMZARIn (% )]
H 29(3.9) 52(7.5)
8.988 0.003
g 722(96.1) 642(92.5)
kA AR n (% )]
e 9(1.2) 22(3.2)
6.679 0.010
G 742(98.8) 672(96.8)
R0 (%))
i 7(1.0) 14(2.0)
2.966 0.085
T 744(99.0) 680(98.0)
H i =E&[mmol/L, M(IQR)| 1.19(0.83~1.78) 1.25(0.88~1.93) -2.046 0.041
JIB [ B [mmol/L, M(IQR) 4.55(3.98~5.20) 4.54(3.89~5.17) -0.786 0.432
HDL-C [mmol/L, M(IQR)] 1.19(1.01~1.39) 1.13(0.95~1.35) -3.169 0.002
LDL-C [mmol/L,M(IQR)] 2.89(2.44~3.44) 2.89(2.42~3.39) -0.025 0.980
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Table 3 Comparison of clinicopathologic characteristics between the non-LLNM group and the LLNM group
(SES AELLNM 4 (n=1 294) LLNM 41 (n=151) Xz P
PR (%))
3 321(24.8) 66(43.7)
24.637 <0.001
& 973(75.2) 85(56.3)
AR, M(IQR)] 44(35~52) 40(34~50) -2.897 <0.004
BMI(kg/m?)
LA EM(IQR)] 23.11(21.48~25.51) 24.33(22.05~26.39) -3.306 <0.001
I35 0 (%))
<24 773(59.7) 68(45.0)
12.018 <0.001
>24 521(40.3) 83(55.0)
TSH [mIU/L, M(IQR)] 2.06(1.38~3.04) 1.96(1.49~3.08) -0.052 0.958
A CCHER R R [0 (%) ]
HIF 376(29.1) 54(35.8)
2.908 0.088
ENEEE 918(70.9) 97(64.2)
Jih9ed ELA% (mm)
LA BM(IQR) ] 7.0(5.0~10.0) 12.0(8.0~23.0) -9.358 <0.001
2 n(%)]
<10 972(75.1) 61(40.4)
79.966 <0.001
>10 322(24.9) 90(59.6)
Z A (%)]
& 379(29.3) 69(45.7)
17.015 <0.001
w 915(70.7) 82(54.3)
BRAMZARIn(%)]
e 58(4.5) 23(15.2)
29.530 <0.001
g 1236(95.5) 128(84.8)
kA AR (%)
e 24(1.9) 7(4.6)
3.745 0.053
T 1270(98.1) 144(95.4)
AR (%))
f 16(1.2) 5(3.3)
2.745 0.098
g 1278(98.8) 146(96.7)
H i =&[mmol/L, M(IQR)| 1.21(0.85~1.82) 1.34(0.90~2.14) -1.684 0.092
JH [ B mmol/L, M(IQR) | 4.55(3.93~5.19) 4.54(3.93~5.18) -0.041 0.967
HDL-C [mmol/L,M(IQR)] 1.16(0.99~1.39) 1.11(0.94~1.30) -1.852 0.064
LDL-C [mmol/L, M(IQR)] 2.89(2.43~3.41) 2.86(2.42~3.44) —0.024 0.981

22 BMIX PTC 8EF X EMBEEEBX A LS

5K BMI 5 HMIERAIX R

g i — 2 BH B BMI & PTC & A= ik L 25 5% B8 1Y
SoMm R 2R, 38 B PR ST R AR A BT i — 2D W 5%
BMI 5 PTC &AW 4B Z M E R, 4R W
N, 4 BMIZ24 kg/m® B, 3k B 45 5% B8 11 XU B BMIT
4 1 T 3, 3R TR A Uk O A e A 1Y S R A
%, 1 BMI<24 kg/m® 5 ik 2 &5 % 7% JC B 12 A0 OC 1%
(E1A) o 1T PTC kA ik B85 5 A AEPE I 22 57
P, aF— 25 e % 1] 43 41 W4 BMI XF PTC ik &2 45

BBy, 4550 &I, BMIS PTC & fE ik B2 45 7%
(& R AEA [\ VE 5 o A7 7E 22 5, >4 BMI=24 kg/m®
B, 5P D BMI 5k 45 B ny S Bk
1 0 30,T  PE R X A it £ TR 22
(F11B) . BRILZ AL, ABFFEE 4 7 BMIS TSH., il
NESEFE PR AR G . 45 2R & B, BMI 5 TSH /) JCH]
AR G E, fH 24 BMI=24 kg/m® i}, BMI 5 H il =
Bz . LDL-C & iE M1 3¢, Jf 5 HDL-C & fi A
x (E2),
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Figure 1 Restricted cubic spline analysis

A: REEFE T BMISHRESHEMCR; B: ARSI PTC 84 T BMI Sk A5 1R
A: Relationship between BMI and lymph node metastasis in all patients; B:

Relationship between BMI and lymph node metastasis in PTC Patients Stratified by sex

P<0.001

P<0.001 P<0.001

El2 PTCEEHBMIS TSH R MASKFHXFR
Figure 2 Relationship between BMI and TSH and serum lipid levels in PTC patients

23 ARMINBEPTCEELEMKEEEBY

M & 2=

BT LR, LN E (BMI>24 kg/m®)
PTC 8 &M 41, /3B A [F PTC i85 BER & R
WL R R fa R, fES R E PTC B,
. AR RER . WHER. 2% )R
SMRICAE LM 25 R A Sk a5 s R ) 22 ¢
BYitaam L (¥ P<0.05) (#4). LLPTC & EH
ELah s R AR i, ARG . MR EAR . ZAEHER
F 78 1 4T 0 Logistic [H1H 230 #7 o &5 B Won, 4R
# (OR=0.954, 95% CI=0.923~0.986) . fif 9 15 &
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Table 4 Univariate analysis of risk factors for lymph node metastasis in male overweight PTC patients
Mz Tek 55 F 2 (n=91) EZEEERSA (n=174) X7 P
SRR M(IQR)] 50(40~55) 40(34~49) -4.559 <0.001
TSH [mIU/L,M(IQR)] 2.02(1.44~3.09) 1.91(1.33~2.71) -1.178 0.239
AR R AR 5[0 (%) ]
GIt 9(9.9) 35(20.1)
‘ 4511 0.034
I 82(90.1) 139(79.9)
JihIed EL4% (mm)
LR [M(IQR))] 7.0(5.0~10.0) 9.0(6.0~15.0) -3.572 <0.001
532755t n (%))
<10 71(78.0) 110(63.2)
6.048 0.014
>10 20(22.0) 64(36.8)
Z (%))
= 22(24.2) 75(43.1)
9.225 0.002
w 69(75.8) 99(56.9)
JRAMZ AR (%))
f 14(15.4) 49(28.2)
5.382 0.020
g 77(84.6) 125(71.8)
Bk PR n (% )]
&l 3(3.3) 5(2.9)
0.000 1.000
7o 88(96.7) 169(97.1)
AR (%))
e 0(0.0) 3(1.7)
0.420 0.517
¥ 91(100.0) 171(98.3)
H i =& [mmol/L, M(IQR)| 1.73(1.26~2.40) 2.05(1.43~2.75) -1.730 0.084
JB F EE [mmol/L, M(IQR) ] 4.61(4.16~5.36) 4.70(3.98~5.38) -0.418 0.676
HDL-C [mmol/L, M(IQR)] 0.99(0.86~1.16) 0.95(0.85~1.06) -1.700 0.089
LDL-C [mmol/L,M(IQR)] 3.11(2.65~3.67) 3.16(2.60~3.60) -0.549 0.583
x5 BEMEBEPTC EELEMNEEHBNSERSN
Table S Multivariate analysis of risk factors for lymph node metastasis in male overweight PTC patients
(S B S.E. Wald P OR(95% CI)
RS -0.047 0.017 7.712 0.005 0.954(0.923~0.986)
iR 0.082 0.029 8.100 0.004 1.085(1.026~1.148)
EA R o 1.021 0.397 6.631 0.010 2.776(1.276~6.039)
HH 1.698 0.781 4731 0.030 5.461
F6 LTMHBEPTCEELZEMNEEHBHNERERSN
Table 6 Univariate analysis of risk factors for lymph node metastasis in female overweight PTC patients
Mz Tk 2556 F 2 (n=181) EZEEERS 2 (n=158) Xz P
AEHA M(IQR)] 49(43~56) 43(37~56) -4.081 <0.001
TSH [mIU/L, M(IQR)] 2.29(1.51~3.33) 2.13(1.43~3.00) -1.226 0.220
AR BRI 220 (%)
HIf 62(34.3) 54(34.2)
) 0.000 0.988
AEI 119(65.7) 104(65.8)
JiehIed EL4% (mm)
LS EM(IQR)] 7.0(5.0~10.0) 10.0(6.0~15.0) -4.617 <0.001
<10 140(77.3) 86(54.4)
19.938 <0.001
>10 41(22.7) 72(45.6)
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Table 6 Univariate analysis of risk factors for lymph node metastasis in female overweight PTC patients (continued)

Mz Tk B 55 R 2 (n=181) L5 RS2 (n=158) Xz P
LA (%))
= 49(27.1) 60(38.0)
4597 0.032
w 132(72.9) 98(62.0)
BRAMZAL[n(%)]
i 28(15.5) 34(21.5)
2.066 0.151
T 153(84.5) 124(78.5)
Pk WA n (%)
e 0(0.0) 4(2.5)
2.720 0.099
I 181(100.0) 154(97.5)
A0 (%)]
i 3(1.7) 4(2.5)
0.033 0.856
T 178(98.3) 154(97.5)
Hl =& mmol/L, M(IQR)] 1.42(1.00~1.94) 1.33(0.97~1.88) -0.862 0.388
JE [ B mmol/L, M(IQR) ] 4.60(4.04~5.29) 4.58(3.95~5.24) -0.031 0.975
HDL-C [mmol/L,M(IQR)] 1.12(1.00~1.29) 1.14(0.98~1.28) -0.042 0.966
LDL-C [mmol/L, M(IQR)] 2.97(2.50~3.49) 2.97(2.50~3.43) -0.159 0.873

R ZMBEPTCREEREMKBERBHNEZEERIN

Table 7 Multivariate analysis of risk factors for lymph node metastasis in female overweight PTC patients

Pz B S.E. Wald P OR(95% CI)
AR -0.059 0.015 16.338 <0.001 0.943(0.917~0.970)
e B4R 0.071 0.021 11.424 <0.001 1.074(1.030~1.119)
gl 1.866 0.707 6.970 0.008 6.464
3 iF it b &4 23 n kRS A T ek, &

I 25 e A2 2 PTC 5 W LI I PRASAE , 2 PTC
R K mALE R I EEER N R, B E W
P R BE S HET, X TR R R L 4 R YR T
LFAR g, SR, i PR L7 ARG IEAS A 0 &
iR, DINEERRERE AR, PTC T AW
PV — B i TR S5 A A 1 R BR A
AR AR M I B b ST A PTC AR R A i L S5 B 1
THOL, DIk, G h PR e BIURE AiE & 7 PTC A5
ELAEFE A2 PO AL Y 3 SCRE R, BT 48 S ofiedfy . A7
RO T B R A, ol o i R TR R 19 A
R . R IE SR 5 A b R R YOG AR R
il (HJES PTC & A ik B 25 56 78 1 5 & i A
WA AW S A I PR BRI B E T
5 PTC K AR A 5 R A AR P o o, BETE AT
FREMPTC RAEMELEHBHNERNRERL, 4
WA AFRR . MR B R 2R XUNE
s IRAMRALAE, XSG AT A5 R — B
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99 IRy 348 i v BB AR DGO LR K A Ik L 2
T B 10 i 6 R 221021 BMIT ik 2 48 I 98 791 )5 A b <7
WO A 7, SRR R 2R, B E
55 PTC IIfii PR 55 3 RFAIE 19 OC R 32 i g N1, Paes
SEPIRIE S & B BMI FF i 2 38 0 PTC & 5 KU 1) 7 1
R APzl E . LS PTC 9k E
Bi R . MRAMRIL G B MR B AR IE AR OC, X g
SIS SRV S R m I —58, PTC B BML TS
5 PTC kK AEMBEEHH A, 78 PTC G K127 Hh %
EMEEX —ERRE.

R IES Je 42 e R A ke T T ML AS B A
T RG>0 % B, 8 AAE ko o Bt 2 HLAA AR
M SR, Hod, R WA R AR SR, B,
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B, A PR Y RE B /N B L i B R SR
P 10 A 0k Y ORI 9 LB B kA R L A A
1) PTC B & H i =W K P4 . HDL-C K P 5
I, o d 5 AR 3 1T RE 3 A R A0 5 g R R 4% PTC
WL ZE 56K LR P LI A 7 23k — 25 56 IE .

AW 5T A8 & B0 BMI X F ik B4 45 5% B8 19 5% i £+
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