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Abstract

Background: This research examined the connection between the visceral obesity index and the
prevalence of hypertension in the United States. Methods: This cross-sectional research used data
from the National Health and Nutrition Examination Survey (NHANES), conducted in six consecutive
two-year cycles between 2007 and 2018. The study employed multivariable logistic regression and
smoothing curve fitting techniques to investigate the relationship between the prevalence of hyper-
tension and the visceral adiposity index (VAI), respectively. The stability of the association between
them was tested utilizing subgroup analysis and interaction tests. Results: Of the 28,743 partici-
pants, 12,405 had hypertension and 16,338 did not. After adjusting for all covariates, VAI was sig-
nificantly and positively associated with the prevalence of hypertension [odd ratio (OR) = 1.07,95%
confidence interval (CI) 1.06~1.08; P-value < 0.0001] and remained stable after converting VAI to a
categorical variable. Subgroup analyses revealed a greater correlation between VAI and the preva-
lence of hypertension among participants who were female, aged 20~39, without diabetes, or
smoked a small number of cigarettes. Conclusions: Higher VAI scores and a greater prevalence of
hypertension seem to be correlated. Reducing visceral fat may help reduce the prevalence of hyper-
tension.
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F] 2017~2018 fEIELE N NIAPER NHANES J& 3. VAL &8 e B A &5 a1 H A M1, SfEkE
R BMI). BEWC). 2 & BE(TG) A 5 % FE IR 8 A I [ BE(HDL-C). AR ATEdE VAL Al 245 5¢
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Enrolled analysis
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hypertension hypertension
(N=16,338) (N=12,405)

Figure 1. Flowchart of the systematic selection process
E 1. & ERIEE

2.2. ARERE AR EH S MIMERENX
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FTA G vt 4 M 350 381 55 [ 92 9 F 7 8 o b o SR AR PRI HE Rl
(https://wwwn.cdc.gov/nchs/nhanes/tutorials/default.aspx) o 1F 2 7 A7 [ 3% 92 4 & 3R 7~ N V- S48 R b o 2=
(mean + SD), R0 FIESAS B RIR A A EA =000 . R E S H TR EEE. R
FR 7 K56 (3 AL 5 BR g 22 3 T QSRR B ) R S 2 Al 22 5 o lid 2R B8R EH, W90 1 VAL
ek Z B8R, AT T AL L, B I 20 T 8E K ARG B8R
HRTT % CAD BRI, DL N SN A ECER . Sy 1 a5 e i i 1 25 v vy I He SO0 22 80 VAL 178
1, BATESRHER T VAL KT 50 W 8, SR)5 A0 ih G At & kR P R A G . N TG A
W R o, AL ERS . Yl BEIR . AR EIR LdE AT 1 434 0 #r . R L ZH AT 4R AR ) A8
FLIVPAL T LH SRR . ERATAIBE T, XhESAR R A UG5, X S R A Ll
5, DA IR B AR A v I DR B IR A8 B (0 o0 A o BT 0 A 34048 A R ARCAR (http:// www.R-project.org, R i
445 F1 Empower 3K 14 (http://www.empowerstats.com/; X&Y Solutions, Inc., Boston MA). Sttt 3 P Kl
FHUE NI P <0.05.

3. BR
3.1. MR ABRIFHE
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e EMANSS5HF, ERMEHFER 20 239 %, SOEHEEN >60 2%, PR AHTF,
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Table 1. Baseline characteristics of participants based on the presence of hypertension: NHANES 2007~2018

F 1. EEEELHEE

Variables Overall Non-hypertension Hypertension P
n=28,743 n=16,338 n= 12,405
Age, n (%) <0.001
20~39 years 9533 (33.17%) 8070 (49.39%) 1463 (11.79%)
40~59 years 9639 (33.54%) 5583 (34.17%) 4056 (32.70%)
> 60 years 9571 (33.30%) 2685 (16.43%) 6886 (55.51%)
Gender, n (%) 0.017
Male 14,088 (49.01%) 7908 (48.40%) 6180 (49.82%)
Female 14,655 (50.99%) 8430 (51.60%) 6225 (50.18%)
Race, n (%) <0.001
Mexican American 4415 (15.36%) 2847 (17.43%) 1568 (12.64%)
Other Hispanic 3062 (10.65%) 1849 (11.32%) 1213 (9.78%)
Non-Hispanic white 11,890 (41.37%) 6647 (40.68%) 5243 (42.27%)
Non-Hispanic black 5894 (20.51%) 2740 (16.77%) 3154 (25.43%)
Other races 3482 (12.11%) 2255 (13.80%) 1227 (9.89%)
Income-to-poverty ratio (mean + SD) 2.47+1.56 2.50+1.58 242+1.52 <0.001
Education, n (%) <0.001
Less than 9th grade 2958 (10.29%) 1413 (8.65%) 1545 (12.45%)
9~11th grade 4012 (13.96%) 2157 (13.20%) 1855 (14.95%)
High school graduate 6538 (22.75%) 3521 (21.55%) 3017 (24.32%)
Some college 8540 (29.71%) 4934 (30.20%) 3606 (29.07%)
College graduate or above 6695 (23.29%) 4313 (26.40%) 2382 (19.20%)
Sedentary lifestyle (minutes/day, mean £ SD)  384.77 £ 617.84 366.73 £518.94 408.52 +£727.22  <0.001
Smoking, n (%) <0.001
<100 cigarettes in life 16,011 (55.70%) 9701 (59.38%) 6310 (50.87%)
> 100 cigarettes in life 12,732 (44.30%) 6637 (40.62%) 6095 (49.13%)

Alcohol, n (%) <0.001
<1 drink/day 10,171 (35.39%) 5409 (33.11%) 4762 (38.39%)
> 1 drink/day 18,572 (64.61%) 10,929 (66.89%) 7643 (61.61%)

Diabetes, n (%) <0.001
Yes 3743 (13.02%) 922 (5.64%) 2821 (22.74%)
No 24,312 (84.58%) 15,197 (93.02%) 9115 (73.48%)

Borderline 688 (2.39%) 219 (1.34%) 469 (3.78%)
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Arthritis, n (%) <0.001
Yes 7811 (27.18%) 2591 (15.86%) 5220 (42.08%)
No 20,932 (72.82%) 13,747 (84.14%) 7185 (57.92%)
CAD, n (%) <0.001
Yes 1159 (4.03%) 227 (1.39%) 932 (7.51%)
No 27,584 (95.97%) 16,111 (98.61%) 11,473 (92.49%)
Strokes, n (%) <0.001
Yes 1027 (3.57%) 201 (1.23%) 826 (6.66%)
No 27,716 (96.43%) 16,137 (98.77%) 11,579 (93.34%)
TG (mmol/l, mean + SD) 1.74 £ 1.49 1.62 +1.47 1.91+1.49 <0.001
HDL (mmol/l, mean + SD) 1.37+£0.42 1.38+£0.41 1.35+0.43 <0.001
WC (cm, mean + SD) 99.59 £16.36 95.57+15.45 104.87 £ 16.02 <0.001
BMI (kg/m?, mean + SD) 29.19 £6.81 27.95+6.32 30.82 +£7.09 <0.001
VAI (mean £ SD) 2.57+3.30 2.31+3.02 291 +£3.60 <0.001

Mean =+ SD for continuous variables, P calculated by t-test; % for categorical variables, and P calculated by Chi-square test;
n, the number. CAD, coronary artery disease & IRBNKZ; TG, triglyceride H il =ME&; HDL-C, high-density lipoprotein
cholesterol /5% R I H[EIEE; WC, waist circumference E; BMI, body mass index fREE4; VAI, visceral
adiposity index P4 /T i 6 4

3.2. B VAl SEENENEERERX

XTUAA R T 228 HEEAPRI L VAL 5 @i 2 B R . AT, 7ER BRI 58 4
PRI, VAL KPR, s B m . R AR S, VAL /-8 n—/ N iz, & i
K HBOm Rt 2= _ETF 7% [OR = 1.07, 95% CI = 1.06~1.08, P < 0.0001]. Ff)5, VAI #1E NI E(=%))
PINIIHT o 1~3 I VAL JEE BN 0.07~1.22. 1.22~2.48 Fl 2.48~174.6. SEAKMIEE— A (THAHEL,
B R EU(T2)FIEE =0 AL E(T3) 2 5 3 18 56 4 TR AR Y o (1) 1 2 J5 (1) OR 4351l 1.39 1 1.94 (T2: OR =
139, 95% CI = 1.30~1.49; P < 0.0001; T3: OR = 1.94, 95% CI = 1.81~2.09; P < 0.0001; P for trend < 0.0001).
R, ArHrah R, AT H 45182 nTE FRaE (R 2). TEHERR VAT KT 50 155 (8 I Exd A
TEBATAAEIE G, BAA T4 Pk, KI VAL 55 E S5 3R 2 AR IER 5 (1 2).

Table 2. Association between VAI and hypertension prevalence

2. VAl EENEEFEZEHNXR

Non-adjusted model model I model II
OR (95% CI) P OR (95% CI) P OR (95% CI) P
VAI 1.07 (1.06, 1.08) <0.0001 1.09 (1.08, 1.10) <0.0001 1.07 (1.06, 1.08) <0.0001
T1 Reference - Reference - Reference -
T2 1.45 (1.36, 1.53) <0.0001 1.49 (1.39, 1.59) <0.0001 1.39 (1.30, 1.49) <0.0001
T3 2.04 (1.92,2.16) <0.0001 2.27(2.12,2.43) <0.0001 1.94 (1.81, 2.09) <0.0001
P for trend <0.0001 <0.0001 <0.0001

VE: AR, RXTPMAREIEAT . B R TR YRR R, BRI R AR MR AR, ¥
B AN SR ABAGREFETTR BEMUGERG . BRI KI5 K. CAD M. #5: Cl: &
XA, OR: HG{ELE. VAL WHEMRWE%E: T1-T3 20 EREE VAL =557, P <0.05 NEA GRS
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Figure 2. Association between the VAT and prevalence of hypertension. Adjusted for covariates age, gender, race, education
level, income-to-poverty ratio, sedentary lifestyle, smoking and drinking status, diabetes, arthritis, CAD, and strokes. The solid
red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit

E 2. VAl 5EMERREZ BRI KK EXFER. M3 ik, BEKFE MASRELLER, KLRHNEFLR.
WRARFNCREAR S« BEFRAS. KT, CAD M RNFNEEHITIHE . TEIERRTEZENFEMENE. &
FHRRIMNEER 95%EFEXIE)

3.3. FLEHT

FERTEAL T ) A R R R AT IR S5 (S W4 2), ATEAT 17520, DIRIEER 2 5351
B VAL 5 & i B R 2 R I SR, FRATRIL, E#s. PR WRJBATRE R O T VAL S5 EifilE
AT 2R 2 [H) ) R BL(P for interaction < 0.05). fE S AL 2 8], MRS K/MOR = 1.09, 95% CI =
1.07~1.11; P <0.0001)# & KT HPE(OR =1.05, 95% CI=1.04~1.07; P <0.0001). {EA[FFRL 2 ], 20~39
% #H(OR = 1.10, 95% CI = 1.08~1.12; P < 0.0001) 1) 24 S {H BH & = T 40~59 % 41(OR = 1.04, 95% CI =
1.03~1.05; P < 0.0001). {EMHHARIEZ 18], AEFEHIRME < 100 )32 60E I RUME(OR = 1.08, 95% CI =
1.06~1.10; P <0.0001) B & = FAE3E R > 100 3 HI5Z23K3# (OR = 1.05, 95% CI=1.04~1.07; P < 0.0001).
A BRI 4L IR 2R (OR = 1.08, 95% CI = 1.06~1.09; P < 0.0001) B\ & T-¥5 FR IR 41 (OR = 1.02, 95% CI =
1.00~1.04; P < 0.0001) (% 3).

Table 3. Subgroup analyses for the association of VAI with the prevalence of hypertension

3. VAl 5EEMESFERE XN S ES

Subgroups OR (95% CI) P P for interaction
Age <0.0001
20~39 1.10 (1.08, 1.12) <0.0001
40~59 1.04 (1.03, 1.05) <0.0001
>60 1.08 (1.05, 1.10) <0.0001
Gender 0.0004
Female 1.09 (1.07, 1.11) <0.0001
Male 1.05 (1.04, 1.07) <0.0001
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Alcoholic 0.1909

<I drink/day 1.08 (1.06, 1.10) <0.0001

> 1drink/day 1.06 (1.05, 1.07) <0.0001
Smoking 0.0205

<100 cigarettes in life 1.08 (1.06, 1.10) <0.0001

> 100 cigarettes in life 1.05 (1.04, 1.07) <0.0001
Diabetes 0.0003

Yes 1.02 (1.00, 1.04) 0.0261

No 1.08 (1.06, 1.09) <0.0001

Borderline 1.04 (0.99, 1.10) 0.1327

TEXPEERE PR PR #0E ACE WA STEE R AT ARG . BRI 5. o
BRI R R RGBT R JS, AR AT T 2 B8 28 5.
4. Wig

FRATHIRE T AT 208 2 28,743 N, G5 EIR, VAL 5 s B % 2 [0 AEAE IEAH O . dl i W40 70 by
RO, XFSCBEETCRE R . O /b SERYTE 20 B E 39 % 2 (Al E v O N AL P AR S K

BT 25 56 B R JT RGUE R T E R J1[19]. LART, 12 WrR1a 7 IEREAE (AR v & R 4540 BMI > 30
kg/m? [20]. SR, —SEHFFAUESE, AR EFGHOIFASGE MR AT BB S A de R (0 B B, R AE A R T
AR RS [21]0 Mg o0 AT e — AN B BRI FR, 7T DUARRE 5 RE AR OC i & T B R ARG 2 7. &
S8 BT WL IR AR (MRD AN NI Z 433486 (CT) 55 UG 7121k 28, A7 g 7 20 23 5 00 I A8 92 0 XU, 22 [
Bk R A TS T Ok R [22] (23], (HERGT B[R] AR A ey B A A BRI 7 e A TR AT 3 27 VA 25w 1 D
BN I [24]0 Rtk FATE A E R VAL P2 KAl W AEAEIE(15]. REtk, —DUExT 6821 4
R N BRI FEUESE, 7 TN PPAl A s O IE AR 7 T, SRS AR e FR 4, 40 VALL i Hb(WHIR)
HIERE EE(WHR), b BMI FA S 1715 5 (BAL) S A Il R & L [25]. {HAEXT 780 44 v [ &y ML A A8 5 4T
(IRTAEPERT 7T, Zhang 5 NI VAL W DRy s fa N B e LR BT R eF 4865 . BLAL, ARITIE R,
BEE VAL 30, BMI. WC. (HAHEEE) TC M TG 2 BT, xRV, SRk asm. mgihk®
R INAR B B A A Bh T PR VAL ZKF, BRI RO L5 500 1 AU (26 Yang 258 N3 #T T — TR B
MR T 7T, Xt 8394 L RES S5 E MR A R, EHEARF, VAL, EKFEE, S5
ML BT BE PR kR K [27]. 5 Z BT 90— 80, BRATTAEXS 2N CVEAT 1) — TR RE A A3 v, 368 3 A s A
BRI R I VAL 5 e I B0 26T 5 2 AR R R B G . K VAT BN =563 [ 7 Bt 32 A,
VAL 5 51 28 2 TR R NG R o AR H AT, 58 -t 4 1) P IR 5 3 A o] RS2 AR AR FHL
1 L R AR AT R

AT, SEBA B RS SR AR VAT Al i S0 26 2 (R 1 IEAR DR OR R o L & — P 4 SR 2,
ATREE AL . AL TN B RS RN[28]. AT E TR, FERFRESSET VAL 55
I B 2 ] (AR S, AE AR PR AN, VAT 5 I B0 2R 2 1) ke S v o v o AR ST 9T
B 5 F ARG = 5 A U R D7 i A7 3 N TR P REAEAE IR R, X R B 5 S0 K O A5 R A R o I R AR 29
it 5 R ARPUAE B PRI AT b D AR WIS [30], TR A U I PR S 0P v ot s XA 38 0 ) 384 I FR s
NBEIS 4 B3, o FENCAH AT, BATTIE 5 31 £ M A I A 4 2505 v I R0 238 22 ) PR A R Pk i 1 B3
WEB KT T RE RIS R L 2 R A S HE R . MM EOE A R R KR RF(RAS) RS
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a2 i i 2 S 2 i LR B IR O B R IR P [3 1] SR1T, BEAE IS 3, Lot dd o e
Rk . SUER, BEERAR AL AU TR0, R - DRI DX S i 7 DU RE X ek, AT HE AR
WHEMEII[32]. ARFFERM, 2R RAEMN KB ESIEMA G, JUHAZATE A NEAR DT IE 2 147 .
KEEHLH — Bl s0E, Ml SRR R4, B R R RBCURME RGN T &R -
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