https://doi.org/10.21215/kjfp.2022.12.3.193
elSSN 2233-9116
Korean J Fam Pract. 2022;12(3):193-200

404 o4

Original
Article

Korean Journal of Family Practice

L)

Check for
updates

Pk AQlolN B oL AT A% SFA U
ot zato] B4 2010 RHAZG

The Relationship between Neck Circumference and Cardiovascular Risk Factors Including
Metabolic Syndrome in Korean Adults over 40 Years of Age: The Korean National Health and

Nutrition Examination Survey, 2019

Byungdo An, Junli Park*
Department of Family Medicine, Myongji Hospital, Goyang, Korea

Background: We aimed to evaluate the correlation between neck circumference (NC) and cardiovascular risk factors and to propose an optimal cut-off
value of NC for the screening of metabolic syndrome in the Korean population.

Methods: From the database of the Korean National Health and Nutrition Examination Survey 2019, we extracted the data of 4,208 participants with
available relevant clinical information. Correlation analyses were performed to evaluate the association between NC and cardiovascular risk factors.
Receiver operating characteristics curve analysis was used to obtain a cut-off value of NC for the screening of metabolic syndrome.

Results: NC showed a positive correlation with waist circumference, body mass index, diastolic blood pressure, fasting blood sugar, fasting insulin,
HbA1¢, and triglyceride levels in both male and female. It showed a positive correlation with non-HDL cholesterol in men, systolic blood pressure in
women, and a negative correlation with HDL cholesterol in both sexes. The optimal cut-off value for screening metabolic syndrome was 38.0 cm in
men and 33.0 cm in women. The odds ratio of the “longer NC” group was significantly higher for hypertension (male 1.780, 95% ClI 1.352-2.344;
female 1.690, 95% Cl 1.330-2.147), diabetes (male 1.470, 95% CI 1.068-2.021; female 2.078, 95% Cl 1.552-2.836), dyslipidemia (male 1.888, 95% Cl
1.432-2.490; female 1.712,95% Cl 1.345-2.180), and metabolic syndrome (male 2.390, 95% Cl 1.888-3.026; female 2.919, 95% Cl 2.269-3.757).

Conclusion: NC correlated with cardiovascular risk factors and can be used to predict metabolic syndrome in the Korean population.
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Table 1. The characteristics of included study participants

Variable (nl\?,afli%a (ane;w Z(I)e5> P-value?
Age (y) 56.50+0.37 57.97+0.37 <0.001
Waist circumference (cm) 88.60+0.25 82.30£0.25 <0.001
Neck circumference (cm) 38.08+0.07 32.85+0.05 <0.001
BMI (kg/m?) 24.53+0.08 23.77+0.09  <0.001
SBP (mm/Hg) 122.29+0.45 121.15+0.52 0.056
DBP (mm/Hg) 78.63%+0.29 75.24+0.26 <0.001
FBS (mg/dL) 107.07+0.72 101.16%0.55 <0.001
HbATc (%) 5.96+0.02 5.87+0.02 0.004
Insulin (ulU/mL) 8.66+0.18 8.39+0.15 0.249
Total cholesterol (mg/dL) 193.13+0.89 198.44+0.94 <0.001
HDL cholesterol (mg/dL) 48.18+0.33 55.34+0.36 <0.001
Triglyceride (mg/dL) 165.81+3.79 118.80+1.87 <0.001
LDL cholesterol (mg/dL) 114.87+0.82 119.94+0.86 <0.001

Non-HDL cholesterol (mg/dL)  144.95+0.84 143.10+0.92 0.136

Values are presented as meantstandard error of the mean.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; FBS, fasting blood sugar; HbA1¢, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.

2Calculated by t-test.

Table 2. The comparison of potential cardiovascluar risk factors be-
tween male and female group

. Male Female
Variable (n=1.803) (n=2,405) P-value®
Hypertension 791 (39.5) 960 (36.7) 0.123
Diabetes mellitus 408 (20.0) 383 (15.0) <0.001
Dyslipidemia 950 (53.1) 1,149 (46.1) <0.001
Obesity 722 (41.0) 769 (31.1) <0.001
Metabolic syndrome 816 (43.9) 958 (37.2) <0.001
Alcohol drinking 986 (56.5) 343 (15.2) <0.001
Cigarette smoking 1,447 (80.2) 220 (9.0) <0.001

Values are presented as unweighted number (weighted %).
?Calculated by chi-square test.
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Jo] 38.08 cm, ©4J°] 32.85 cm, BT BMIE 'HAJo] 24.53 kg/m?,
oj/do] 23.77 kg/m?*2] AIgHE ETH(Table 1).
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53.1%, o1/gollA 46.1%= WERg o thARS S HAolA 43.9%
2 o] 372%E} =2 HES Btk S5AY] HlE-2 3ol
A1 56.5%, o1/30lA 15.2%E ZAME oM, BAY Figt o] 53t
(1007]H]) o/l FARF= HAollA 80.2%, o1/30lAl 9.0%2] Bl
S Bk 949 41.0%, 1489 31.1%004] BTt 2 Lpebdth
(Table 2).
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= BMI B 3j2jE &2t Al 0.7 0]
B EA0lA vt EH2HE, o4
2|3 S o oA o] B, S5
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UEAE Hirt vhdo] yi: FYAEES 9 BRolM &5
gt ofet 20| AUAE HAth FelM +57] EdH & =
A2EE, odollA v LLEEHAEE, Y BFolM AL F
ALHE2 S ABEAVE wokon, o4golM & Ed L
2 FAA R [Fofdt AaHE HolA] eFlTh(Table 3).

2 flet SS9 J7|1EH

EEY 9 78S 5] Y5kl ROC

Table 3. Correlation analysis between neck circumference and para-
maters of potential cardiovascular risk factor

Male (n=1,803)

Female (n=2,405)

Variable
r P-value® r P-value®
Waist circumference 0.754 <0.001 0.754 <0.001
BMI 0.811 <0.001 0.773 <0.001
SBP 0.049 0.038 0.126 <0.001
DBP 0.217 <0.001 0.114 <0.001
FBS 0.190 <0.001 0.274 <0.001
HbA1c 0.168 <0.001 0.286 <0.001
Insulin 0.375 <0.001 0.387 <0.001
Total cholesterol 0.093 <0.001 -0.037 0.068
HDL cholesterol -0.211 <0.001 -0.237 <0.001
TG 0.206 <0.001 0.254 <0.001
LDL cholesterol 0.057 0.015 -0.048 0.019
Non-HDL cholesterol 0.156 <0.001 0.041 0.044

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; FBS, fasting blood sugar; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TG, triglyceride.

aPearson correlation coefficient. "Obtained by correlation analysis.
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Table 4. Logistic regression analysis on the cardiovascular risk factors and hypertension

Hypertension
Male Female
Variable — — — —
Univariable? Multivariable® Univariable Multivariable®
R (95% Cl) P-value R (95% CI) P-value R (95% () P-value R (95% ClI) P-value

Age (y)

40-49 Ref. Ref. Ref. Ref.

50-59 1.560 (1.119-2.176) 0.009 1.662 (1.186-2.329) 0.003  3.153(2.263-4.391) <0.001 3.186 (2.284-4.445) <0.001

>60 3.649 (2.812-4.736) <0.001 4.700 (3.554-6.216) <0.001 12.061 (8.848-16.441) <0.001 12.369 (8.960-17.075) <0.001
Cigarette smoking

No Ref. Ref.

Yes 1.235 (0.950-1.606) 0.114 0.736 (0.528-1.027) 0.071
Alcohol drinking

No Ref. Ref. Ref. Ref.

Yes 1.330 (1.048-1.688) 0.019  1.493(1.147-1.944) 0.003  0.649 (0.493-0.854) 0.002 1.117(0.810-1.540) 0.497
Obesity

No Ref. Ref. Ref. Ref.

Yes 1.947 (1.598-2.373)  <0.001 1.629 (1.261-2.104) <0.001 2.515(2.078-3.044) <0.001 1.875 (1.465-2.401) <0.001
Neck circumference

(cm, male/female)
<38/<33 Ref. Ref. Ref. Ref.
>38/>33 1.907 (1.527-2.383)  <0.001 1.780 (1.352-2.344) <0.001 2.287 (1.883-2.776) <0.001 1.690 (1.330-2.147) <0.001

OR, odds ratio; Cl, confidence interval; Ref., reference.
2Univariable: univariable logistic regression analysis. "Multivariable: multivariable logistic regression analysis among statistically significant variables.
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510 0.748 (95% CI, 0.563-0.993)F A7} A THTable 6).
A S-S AT B A5E WA FTbote F=
Hojom o] A S2A TE0A 1482 (95% CI, 1.138-1.930)
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(95% ClI, 3.432-6.001), 5.316 (95% ClI, 4.032-7.009) 2. % Z7}5}31.2-
57 1 2F2 EYH 47 2.390 (95% CI, 1.888-3.026), 2.919

(95% ClI, 2.269-3.757)9] WAH]E EATH(Table 7).
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Table 5. Logistic regression analysis on the cardiovascular risk factors and diabetes mellitus

Diabetes mellitus

: Male Female
Variable — — — —
Univariable Multivariable® Univariable Multivariable®
OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% () P-value

Age (y)

40-49 Ref. Ref. Ref. Ref.

50-59 1.830 (1.205-2.780) 0.005 1.895(1.246-2.881) 0.003  2.102(1.178-3.751) 0.012 2.042 (1.152-3.619) 0.015

>60 2.975(2.049-4.319) <0.001  3.459 (2.390-5.004) <0.001 6.962 (4.287-11.308) <0.001 6.578 (4.058-10.663) <0.001
Cigarette smoking

No Ref. Ref.

Yes 1.237 (0.850-1.800) 0.265 0.968 (0.631-1.485)  0.880
Alcohol drinking

No Ref. Ref.

Yes 1.126 (0.884-1.434) 0.334 0.726 (0.474-1.111)  0.139
Obesity

No Ref. Ref. Ref. Ref.

Yes 2.220(1.684-2.925) <0.001 1.980 (1.427-2.747) <0.001 2.623(2.062-3.338) <0.001 1.688(1.278-2.229) <0.001
Neck circumference

(cm, male/female)
<38/<33 Ref. Ref. Ref. Ref.
>38/>33 1.878 (1.434-2.460) <0.001 1.470(1.068-2.021) 0.018 2.833(2.148-3.736) <0.001 2.078 (1.522-2.836) <0.001

OR, odds ratio; Cl, confidence interval; Ref., reference.

2Univariable: univariable logistic regression analysis. "Multivariable: multivariable logistic regression analysis among statistically significant variables.
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Table 6. Logistic regression analysis on the cardiovascular risk factors and dyslipidemia

Byungdo An, Junli Park. The Relationship between Neck Circumference and Metabolic Syndrome in Korean

Dyslipidemia
) Male Female
Variable . — — —
Univariable Multivariable® Univariable® Multivariable®
R (95% Cl) P-value R (95% Cl) P-value R (95% CI) P-value R (95% Cl) P-value
Age (v)
40-49 Ref. Ref. Ref.
50-59 1.020 (0.768-1.353)  0.891 3.785(2.885-4.967) <0.001 3.799 (2.881-5.010) <0.001
>60 1.034 (0.792-1.349) 0.806 6.373(4.926-8.244) <0.001 5918 (4.560-7.681) <0.001
Cigarette smoking
No Ref. Ref. Ref.
Yes 1.370(1.065-1.762) 0.015 1.329 (1.020-1.731)  0.035 0.900 (0.650-1.246) 0.525
Alcohol drinking
No Ref. Ref. Ref.
Yes 0.924 (0.743-1.151)  0.479 0.562 (0.431-0.731) <0.001 0.748 (0.563-0.993) 0.044
Obesity
No Ref. Ref. Ref. Ref.
Yes 2.004 (1.594-2.518) <0.001 1.393 (1.045-1.857) 0.024 2.367 (1.955-2.864) <0.001 1.709 (1.316-2.219) <0.001
Neck circumference
(cm, male/female)
<38/<33 Ref. Ref. Ref. Ref.
>38/>33 2.288 (1.836-2.850) <0.001 1.888 (1.432-2.490) <0.001 2.222 (1.858-2.658) <0.001 1.712(1.345-2.180) <0.001
OR, odds ratio; Cl, confidence interval; Ref., reference.
2Univariable: univariable logistic regression analysis. "Multivariable: multivariable logistic regression analysis among statistically significant variables.
Table 7. Logistic regression analysis on the cardiovascular risk factors and metabolic syndrome
Metabolic syndrome
) Male Female
Variable — — —
Univariable? Multivariable® Univariable? Multivariable®
OR (95% () P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value
Age (y)
40-49 Ref. Ref. Ref. Ref.
50-59 1.295(0.948-1.770)  0.104 1.466 (1.028-2.090) 0.035 2.450(1.741-3.449) <0.001 2.802 (1.952-4.022) <0.001
>60 1.636(1.235-2.168)  0.001 2.626 (1.898-3.634) <0.001 7.656 (5.737-10.215) <0.001 10.457 (7.757-14.097) <0.001
Cigarette smoking
No Ref. Ref. Ref.
Yes 1.391(1.077-1.797)  0.012 1.269 (0.962-1.672) 0.091 0.816(0.578-1.153) 0.248
Alcohol drinking
No Ref. Ref. Ref. Ref.
Yes 1.499 (1.185-1.896)  0.001 1482 (1.138-1.930) 0.004 0.695 (0.521-0.928) 0.014  0.979 (0.687-1.394) 0.904
Obesity
No Ref. Ref. Ref. Ref.
Yes 6.438 (5.048-8.211) <0.001 4538 (3.432-6.001) <0.001 7.398(5.962-9.180) <0.001 5316 (4.032-7.009) <0.001
Neck circumference
(cm, male/female)
<38/<33 Ref. Ref. Ref. Ref.
>38/>33 4559 (3.760-5.528) <0.001 2.390 (1.888-3.026) <0.001 5.197 (4.255-6.347) <0.001 2.919 (2.269-3.757)  <0.001

OR, odds ratio; Cl, confidence interval; Ref., reference.
2Univariable: univariable logistic regression analysis. "Multivariable: multivariable logistic regression analysis among statistically significant variables.
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