Archives of Obesity and Metabolism H|o |-'E Al olasl A
2026;5(1):25-35, DOIL: 10.23137/A0M26.05.0A0003 I 2ITHAI = = I
PISSN 2951-0333 eISSN 2951-0597 Archives of Obesity and Metabolism

'HIMICHSE OJtTHS} SQIMIS A THYO|St, “CIM|CHSH O| TSt ZEMS AR THYO|Stn}, SHMTHStM O|RITHS M= RIA S

-1 o

Neck Circumference Versus Neck Circumference—to—Height
Ratio for Identifying Metabolic Syndrome in Korean Adults
Aged 240 Years: A Sex—Specific Approach

Phil-lip Yoon', Sung—Ho Ahn?, Byoungjin Park’, Yong-Jae Lee?, Yu-Jin Kwon®

'Department of Family Medicine, Yongin Severance Hospital, Yonsei University College of Medicine, Yongin, “Department of Family
Medicine, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, “Department of Family Medicine, Severance
Hospital, Yonsei University College of Medicine, Seoul, Korea

Background: Neck circumference (NC) is a simple marker of upper-body adipos- Received May 6, 2026
ity; however, whether NC or height-adjusted NC (neck-to—height ratio, NC/Ht ratio) Revised May 28, 2026
better identifies metabolic syndrome (MetS) and whether the optimal index differs by Accepted June 2, 2026
sex remains unclear.

Methods: This cross—sectional study analyzed 10,451 adults (4,685 male partici-
pants; 5,766 female participants) aged >40 years from the 2019—2021 Korea Na-
tional Health and Nutrition Examination Survey. MetS was defined using the modi-
fied NCEP-ATP Il criteria. The discriminatory performances of the two indices were
compared using receiver operating characteristic curve analysis with Delong’s test,
and the optimal cutoffs were determined using the Youden index with bootstrap
confidence intervals. Sex-stratified multivariate logistic regression was adjusted for
age, body mass index, alcohol use, smoking, and physical activity.

Results: Both indices were higher in the MetS group for both sexes (all P<0.001). NC
showed superior discrimination in male participants (area under the curve, 0.733 vs.
0.708, P<0.001), whereas the NC/Ht ratio outperformed NC in female participants
(0.755 vs. 0.733, P<0.001). The optimal cutoffs were an NC of 37.9 cm for male and
an NC/Ht ratio of 20.92 for female participants. The highest versus the lowest quar-

tile was associated with higher odds of prevalent MetS (male participants: odds ratio, Corresponding author
2.99 for NC; female participants: 5.00, for NC/Ht ratio). Yu-Jin Kwon
Conclusion: The sex-specific use of these indices, NC for male and the NC/Ht ratio Department of Family Medicine,
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for female participants, may enhance MetS screening in this population. Further pro-
spective validation is required.

Copyright © Society for Korean Obesity and Metabolism Studies, SOMS

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
camem Which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Archives of Obesity and Metabolism Vol. 5, No. 1, June 2026

I
A3 3T MBl 43 AT T2 AME B, ANES 2
A, 12/ 917 Ts0] RO Ht U THA Ol Wgio| QUE
O] NIHXO2 F745HT QUCL'? O[2/3 Hate DY, Yy, 0L
RIES, JHTLEE OfLi2t Ory AT} U O 2y S5}
X 0= X2 BFS7 X2 00X/ UM, 1 SHol= ChAt

T(Metabolic Syndrome, MetS)0| QL4 2L 19M| O A
MetS FHEEZ 200743 22.8%0A 2022'F 28.6%=Z X|&H

7 FME 0|1 AW, E3| HE0IM 24.5%01M 36.8%=
SIS ST BEE|QUCE® 5 654 014 113 QIFL0fAlE 2013
& 53%0iM 20223 62%= S7t6t0, 40M| 014 &1 FRI0IA
O MetS M} OfhX J§QI0| L FQ5HXIT UL MetSE £

FOHIR DY, JEY, IS INYES, =X S AH

r© ro oM
0|)i 1o o Hir

N

(High—density lipoprotein cholesterol, HDL-C) Z42
A 1™ QRS0 ot LiEL= HEl= FoEH, &%
5;?'._ I al X—“ 80 Ef_lu._l:Fl HI‘AHO| 7I'E=Io|- 0:||7< O|I|-§ OFE:IX:I %U:l' LSt

MetSe| REE S7t= ol=H| S7t9 &9 & XIoHE Z=fot0] el
HMelFHA BHE 7ISA7|122, 27| &t ogX 7HY0] i
ZQ05it?

B MetS TSI 32 ISIE B7top 91 2/ Weist
WCE LRI S5

ke

o Hooox
S 4o

o
o

2 =3|(Neck Circumference, NC)'— A ]1|3f7(|t<'3r £
=]

A5t ZITHsH HIESHe (R 52
H

- 0

E
$Q
u]

=

Pl
ool
2y
[m]
0x
>
an
aH ~|
0e
o))
Pl
-1 90
Pal
00X
rz

o
re
el
0
M <
fim]
>
=]
0
=
ne
iga)
ron
el
i
30
rr
s
|0
HU
HT
'_
m
:Q
il
Jm

1=
0%
o

I
m[is
I
:El:
52
i
o
=
=
g
o
E
El
_>‘L
E
b
|0
Hu
Iph
o
o
4>
$0
<2 Ho
™
oy

o
A%l 3 AR = AYUN EE 7ts0|
O ME NC7F H|BE Q2] KEH, X|eizt

BRINS ROICKT RTBICE

il
2
Il
=
0%
e
4

I—_I Al
gt
i
§a
=
@
wn
I
90
1o
ror

(=)

X DE, 28, MY LAY 22 A

o e = 116 ==
of5H FEZ B2 4 UCHS HBHHO| QU S5 NI NCO Hr
240 HTHO XS B 4+ U= 523 242, SUSNCE 71X B

AN
NC $X|2t2 AFB5H= AR, 02 MAOZ HHE 7| tiH| = S|

Hl&(Neck Circumference—to—-Height Ratio, NC/Ht ratio)0| &Lt

26  Archives of Obesity and Metabolism

0|0 BESHE AL 1™ B2t XIE7t 2 & UCh= 7HS40] X
AHZ LB HRUME NC/Ht ratioZt T NCE
22 Ngd 2 MetS M| O 23t s B =AU
Cto st ™
KIZ7K| ZLILI0IAf NC2F MetS 7te| &

2 2O 10 NC2F NC/Ht ratio & O{H X|H7} 5t 4019
MetS 10| Cf R4=3tX|E &I H|WSH A= OF& KIS0
S5| g4 M2 AMXY B2, S22 oY, 25
M XIO|E E0|0, O[2{5t 48 Xt0|= H|ZH 2 X
o= FskS O1F 4= QUCE"Y M2kA NC 7|8t X[ &

[=z]
=
0| AL, 0104 CHet g

7|E|J__' 9}1['_}5,‘\6
Ch B2t 2l

0| M2t ChEA LERE THs
0] Bol.

0[0]l & A= 40M| 01449 ot= Mol HEHE ML= NC2ENC/
Ht ratio2 MetS ME&E H|W & S| ME 2 X7 T

o 78ds 7ot 5ttt

1. €7 8A L oY

2 A= 201939 EE 202187HK|Q] ZUHAHAXAKorea
National Health and Nutrition Examination Survey, KNHANES)

HI0|EE 2% thH M71(cross—sectional study)O|Ct.'®'® FA| CH

&Rt 21,543F & BF 40M| Ol 21 13,329 1XI2 MISIALT.
0| &AM X|E E= AL X B0 Y&e & & U= T3 E=Hol A
= X2 HQISHUCH: 24 E3kn = 1,650), YI(n = 132), ZHi|IZ

2(n = 18), &L = 119), RLA(n = 120), A=ZEL(n = 56),
H2h(n = 39), ZHAMRU(n = 154), 11 2| M ZU(n = 217), 22
(n =156), Z+4H(n = 38), Y4&l(n = 2). 0|= =5l 10,628H0| MY
RO, NC/Ht ratio =0 Hest H=(NC E= AE)0 Z2SA|

74 UE1778E F7I2 MQl6tH, 2BHO2 10,451H(EN 4,685
¥, 014 5 766D='>° 24 IHOR MESIACHIY 1). oY BY,
2 KNHANES AZHERAC] A7| Eil(self-

reported) %*%o 7|Z=0 =2 SOIBILCY.

10

NC= A7t 2 KtMlofAf HHE Hi2tE =
(thyroid cartilage) HIZ 022 & SIERIE EXIZE SHOIRUCH,
0.1 cm T2 7|238C} "™ NC/Ht ratio= CHS {\_}MQ

Ct: NC/Ht ratio = NC (cm)/height (cm) x 100. 4



Phil-lip Yoon et al. Sex—Specific Neck Indices for Metabolic Syndrome

Study population : 2IAZEAZAL, 2019 + 2020 + 2021 (n = 21,543)

Inclusion criteria : age 240 (n = 13,329)

(n = 38), pregnancy (n = 2)

Exclusion criteria : thyroid disease (n = 1,650), gastric cancer
(n = 132), hepatic cell carcinoma (n = 18), colon cancer

(n =119), breast cancer (n = 120), uterine cervix cancer

(n = 56), lung cancer (n = 39), thyroid cancer (n = 154), other
cancers (n = 217), renal disease (n = 156), liver cirrhosis

4

Individuals who fulfilled all inclusion and exclusion criteria (n = 10,628)

Neck/height ratio missing
(n=177)

A 4

Individuals completing the study (n = 10,451)
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H 1. Baseline characteristics of participants according to sex and the presence of metabolic syndrome

Male (n = 4,685)

Female (n = 5,766)

Parameters

All With MetS Without MetS ~ P-value All With MetS Without MetS ~ P-value
Age (years) 56.10£0.20 56.05 £ 0.32 56.12£0.23 0.856 57.63+0.24 62.29+0.37 56.10£0.24 <0.001
SBP (mmHg) 122.69+0.27 129.43 +0.45 119.84+030  <0.001 120.28 £ 0.31 130.71 £ 0.51 116.83+0.32  <0.001
DBP (mmHg) 78.94£0.18 83.33£0.32 77.08£0.19 <0.001 7459£0.17 77.78 £0.31 7353£0.19 <0.001
Height (cm) 170.16 £ 0.12 170.66 £ 0.19 169.95+0.14 0.001 156.84 £ 0.11 1565.51+0.18 167.27+0.12  <0.001
Weight (kg) 72.00£0.21 78.14£0.33 69.40 £ 0.22 <0.001 58.74£0.15 63.53+0.32 57.17£0.17 <0.001
WC (cm) 89.056+0.16 94.94+0.23 86.55+0.17 <0.001 82.156+0.17 89.54+0.24 79.72£0.19 <0.001
NC (cm) 38.11+0.05 39.45+0.07 37.55+0.05 <0.001 32.78+0.03 34.12+0.07 32.33:0.04 <0.001
BMI (kg/m?) 24.81£0.06 26.77 £0.09 23.98 £ 0.06 <0.001 23.88+0.06 26.22+0.11 23.11£0.06 <0.001
FBG (mg/dL) 108.02 £ 0.48 122.13+1.16 101.93+0.40  <0.001 101.59+0.37 116.19+0.92 96.67 £ 0.30 <0.001
HbA1c (%) 5.97+0.02 6.36 £ 0.04 5.80+0.02 <0.001 5.87£0.01 6.39+0.04 5.70£0.01 <0.001
Insulin (uU/mL) 9.37+0.14 13.21+0.31 7.72+0.12 <0.001 8.75+0.12 13.03+0.35 7.31£0.09 <0.001
TC (mg/dL) 192.36 + 0.68 194.43 +1.36 191.46 £ 0.78 0.058 196.84 + 0.63 192.60+1.29 198.27 £ 0.71 <0.001
HDL-C (mg/dL) 47331021 4140+ 0.34 49.88+0.22 <0.001 5520+ 0.22 45011029 58.63+0.24 <0.001
TG (mg/dL) 168.23+259  254.27 +6.00 13116190  <0.001 116.04 £ 1.21 177.37+3.05 95.38+0.92 <0.001
LDL-C (mg/dL) 114.39+1.26 110.73 £ 1.52 12066219  <0.001 119.80 £ 1.80 119.77 £2.07 119.88 £ 4.05 0.981
NC/Ht ratio 22.41£0.03 23.1310.04 22.11+0.03 <0.001 20.93+0.03 21.96+0.04 20.59+0.03 <0.001
HOMA-IR 2.61+0.05 4.07+0.12 1.98 £0.03 <0.001 2.311£0.04 3.84+0.11 1.79+0.03 <0.001

Values are presented as mean = standard error. P-values were derived from a complex samples general linear model comparing participants with and without

metabolic syndrome.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; MetS, metabolic
syndrome; NC, neck circumference; NC/Ht ratio, neck circumference-to-height ratio: SBP, systolic blood pressure; TC, total cholesterol: TG, triglyceride; WC,

waist circumference.
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12l 2. Prevalence of metabolic syndrome according to the quartiles of neck circumference and neck circumference-to-height ratio. (A) Preva—
lence of MetS across NC quartiles in male; (B) Prevalence of MetS across NC quartiles in female; (C) Prevalence of MetS across NC/Ht ratio
quartiles in male; (D) Prevalence of MetS across NC/Ht ratio quartiles in female. Bars represent the prevalence of MetS (%) within each quar-
tile group. Quartiles of NC and NC/Ht ratio were calculated separately by sex, with Q1 representing the lowest quartile and Q4 the highest.

Abbreviations: MetS, metabolic syndrome; NC, neck circumference; NC/Ht ratio, neck circumference—to—height ratio; Q1—Q4, quartiles 1 to 4.
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& 3. ROC curves of NC and NC/Ht ratio for predicting metabolic syndrome. (A) ROC curves in male. NC showed greater discriminatory
power (AUC = 0.733; 95% ClI, 0.720—0.746) than NC/Ht ratio (AUC = 0.708; 95% ClI, 0.694—0.721, P<0.001 by Delong’s test); (B) ROC
curves in female. NC/Ht ratio showed significantly greater discriminatory power (AUC = 0.755; 95% Cl, 0.742—0.768) than NC (AUC = 0.733;
95% Cl, 0.719—0.747, P<0.001 by DelLong’s test). In each panel, the solid and dashed lines represent NC and NC/Ht ratio, respectively. The
diagonal reference line indicates AUC = 0.5 (no discrimination). AUC values between the two indices were compared using DelLong’s test.
Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, confidence interval; MetS, metabolic syndrome; NC, neck cir—
cumference; NC/Ht ratio, neck circumference-to-height ratio; ROC, receiver operating characteristic.
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A 50 Prevalence of MetS in male by NC B 50 Prevalence of MetS in male by NC/Ht ratio
42.80 42.30
40 - 40 1
o 304 o 30+
(&) (8}
c c
Q< Kl
®© ®
i) 20 - 14.70 E 20 A 15.30
a I a T
10 A 10 -
0 T 0 T
NC <37.9 cm NC 237.9 cm NC/Ht ratio <22.24 NC/Ht ratio 222.24
C 50 Prevalence of MetS in female by NC D 50 Prevalence of MetS in female by NC/Ht ratio
40.40 40.50
40 40
o 301 o 301
(&) o
c c
K K
© ®©
93 207 13.10 § 207
& 1 & 10.70
10 10 t
0 T 0 T
NC <33.0 cm NC 233.0 cm NC/Ht ratio <20.92 NC/Ht ratio 220.92

18l 4, Prevalence of metabolic syndrome by optimal NC and NC/Ht ratio cutoff values in male and female. (A) Prevalence of MetS in male ac—
cording to the NC cutoff value of 37.9 cm; (B) Prevalence of MetS in male according to the NC/Ht ratio cutoff value of 22.24; (C) Prevalence
of MetS in female according to the NC cutoff value of 33.0 cm; (D) Prevalence of MetS in female according to the NC/Ht ratio cutoff value of
20.92. Bars represent the prevalence of MetS (%) in groups below and above the respective cutoff values. The optimal cutoff values were de-
termined by maximizing the Youden index from the receiver operating characteristic (ROC) curves.

Abbreviations: MetS, metabolic syndrome; NC, neck circumference; NC/Ht ratio, neck circumference-to—height ratio.

H 2. Odds ratios (ORs) and 95% confidence intervals (Cls) for metabolic syndrome according to quartiles of NC and NC/Ht ratio

Male NC quartile Female NC quartile
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Model 1 1.00 (reference) 2.48(1.91—3.24) 4.75(3.70—6.11) 11.34(8.82—14.59) 1.00 (ref) 2.98(2.30—3.87) 5.41(4.17—7.02) 13.77 (10.75—17.64)

Model 2 1.00 (reference) 163 (1.17—2.02)  2.21 (1.67—2.94)  3.01 (2.15—4.19)  1.00 (ref) 2.12(1.61—2.78) ~ 3.02 (2.29—4.00) 5.23 (3.78—7.23)
Model 3 1.00 (reference) 1.55(1.18—2.04)  2.23(1.68—2.96)  2.99 (2.14—4.18) ~ 1.00 (ref)  2.13(1.62—2.80)  3.03 (2.29—4.01) 5.25(3.79—7.28)

Male NC/Ht ratio quartile Female NC/Ht ratio quartile
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Model 1 1.00 (reference) 2.03(1.59—2.61) 3.76(2.93—4.82) 8.69(6.86—11.00) 1.00 (ref) 3.95(2.89—5.39) 7.98 (6.01—10.61) 20.01 (15.12—26.47)

Model 2 1.00 (reference)  1.23(0.95—1.60)  1.51(1.13—2.00)  1.96(1.44—2.68)  1.00 (ref) 2.40(1.74—3.31) 3.33(2.39—4.63)  4.95(3.43—7.16)

Model 3 1.00 (reference) 1.22(0.94—159) 1.48(1.11—1.96)  1.89 (1.38—2.59) 1.00 (ref)  2.40(1.74—3.32)  3.37 (2.42—4.71) 5.00 (3.44—7.24)
Model 1: Unadjusted. Model 2: Adjusted for age and BMI. Model 3: Adjusted for age, BMI, alcohol consumption (1 time/month during the past year), current
smoking, and moderate-intensity physical activity.

Abbreviations: BMI, body mass index: Cl, confidence interval; NC, neck circumference; NC/Ht ratio, neck circumference-to-height ratio; OR, odds ratio;
Q1-0Q4, quartiles 1 to 4; ref, reference.
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