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Abstract

Objective: To analyze the differences in the Visceral Adiposity Index (VAI) among different groups
of patients with type 2 diabetes mellitus (T2DM), and to further elucidate the high-risk factors for
clinical T2DM and associated target organ damage, providing a theoretical basis for the early pre-
vention of organ damage. Methods: Eligible participants from the National Health and Nutrition Ex-
amination Survey (NHANES) database (2005~2020) were included in this study. VAI was calculated
separately for males and females. Participants were divided into high, medium, and low VAI groups
using the tertile method. T2DM patients were categorized based on the presence of diabetic periph-
eral neuropathy (DPN), diabetic retinopathy (DR), and diabetic kidney disease (DKD). Statistical
analysis was performed using SPSS 26.0. One-way ANOVA was used for normally distributed contin-
uous data, and the Kruskal-Wallis H test was used for non-normally distributed continuous data and
categorical data comparisons between groups. Multivariate logistic regression analysis was used to
calculate the odds ratios (OR) and 95% confidence intervals (CI) for the risk of each target organ dam-
age, assessing the relationship between VAI and target organ damage in T2DM. Results: A total of 1,338
T2DM patients meeting the inclusion and exclusion criteria were enrolled, comprising 764 males (57%)
and 574 females (43%). Female patients had higher levels of glycated hemoglobin (HbA1c), VAI and
BMI than males (all P < 0.05), while age, education level, marital status, diastolic blood pressure, alco-
hol consumption, and prevalence of DKD were lower than in male patients (all P < 0.05). In males: The
low VAl group (VAI < 1.370) had 255 cases; the medium VAI group (1.370 < VAI < 2.561) had 255 cases;
the high VAI group (VAI > 2.561) had 254 cases. The Kruskal-Wallis H test showed no significant dif-
ferences in the detection rates of DPN (P = 0.997), DR (P = 0.49), or DKD (P = 0.052) among the three
groups. In females: The low VAI group (VAI < 1.831) had 192 cases; the medium VAI group (1.831 <
VAI < 3.046) had 191 cases; the high VAI group (VAI > 3.046) had 191 cases. The Kruskal-Wallis H test
showed significant differences in the detection rates of DPN (P = 0.022) and DKD (P = 0.002) among
the three groups, but no difference for DR (P = 0.868). Further pairwise comparisons revealed that
the high VAI group had a significantly different detection rate for DPN compared to the low VAI group
(P = 0.022). The high VAI group had a significantly different detection rate for DKD compared to both
the medium and low VAI groups (P = 0.002). No differences were found between the medium and low
VAI groups for any data. In females, using the low VAI group as reference, logistic regression analysis
showed that high VAI was a risk factor for developing DPN (OR = 0.535, 95%CI = 0.337 - 0.848, P =
0.008) and DKD (OR =1.951, 95%CI = 1.258 - 3.028, P = 0.003). Conclusion: Among female patients, a
high VAI is positively correlated with the incidence of diabetic peripheral neuropathy and diabetic
kidney disease in T2DM patients. A high VAl is a risk factor for DPN and DKD in female patients. As-
sessing and managing VAI may help screen for and prevent target organ damage in female patients
with T2DM.
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BE R B R I AT (L PE 10.9%; T 11.3%). 2 BUBE R 1) B R AE P R ERAE S i, (BAE 2 W
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LA, JEREEAE R CEAFHRR T BMI, Bk 2 18 B AL PR bR 52 B0, o =Tk T v i 22 4
(triglyceride glucose, TyG)¥g%. G A 45 (a body shape index, ABS)F5%. & /& [& & (body roundness index,
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%6, @i NHANSE (3% [5 [ 5 i 5 5 75 77 U 20 B 2 U5 1) (P 3k«
https://www.cdc.gov/nchs/nhanse/). K, WRIGHHFRAETTIE M & XS HE . ERHIF, SVIH
AKEH NHANSE (2005~2020)f] 85750 %425 # FIREW 0 204 - HERRAREE R E W R : (1) Fl <18 %
ECATRE R 1 AUHEIRIM (n=33914 44); (2) Hdl A e 8 LUK AN B IR o 5 R 0 55 A SS9 (n
=50498 %), LI EIHIL, RAEEE 1338 LS HEMWN T, AT75 % NCHS Moo B A 2 il
ik, rEZ5E%FEMERES.

22. TEENX

T2DM HI5E CH(1) 2 IR IMHE(FPG) > 7.0 mmol/L, BR(2)KE{L ML41 % H(GHB) > 6.5%, =(3) B EE
AW AREIR I . eGFR SR FH I B IE S0 AT W3 27 A A 4 23 (CKD-EPD) /7 #£(ml/min/1.73m2) i+ 5. ACR
> 30 mg/g 5% eGFR < 60 ml/min/1.73 m* 2’4 DN. DPN. DR [{J3¥ffi, NHANSE @i H a5 i 2 4
il 4L A ¢ DPNL DR 25 2. DPN [i@ile “id i —4F, PBRAERG A e 75 it sOoRs ) s
[ “1~104 K7 A MER . DR )@ R 0 AR B8 AR AR ” |2 “a” XLzl
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2.3. VAL +E

VAI (5 1) = WC (cm)/[39.68 + 1.88 x BMI (kg/m?)] x [TG (mmol/L)/(1.03 x 1.31/HDL — C(mmol/L))]
VAI (&) = WC (ecm)/[ 36.58 + 1.89 x BMI (kg/m?)] x [TG(mmol/L)/(0.81 x 1.52/HDL — C(mmol/L))]
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2.4. Gt oA

¥ VAL RH =60k A VAT 4. 1 VAT 41, ik VAT 41, T2DM 83 5 A FR i Jo 1l 1k 259
(DPN). A bR 7 AL 95 48 (DR) « # FR 95 B (DN) . K] SPSS26.0 #HAT 4 i3, & IESAfiitE
GORHH ] FLBCR FH BN 207 2200 M, ARG IR 70 A1 I Th B SR ST S5t kLA 1) EE SR ) Kruskal-Wallis
H K556 . K =70 logistic IV HTEL, T S B8 B 1015 K 4 KUK OR {H K 95%CI, vFfl VAL 5 2 B pE
PRIGEEZS B E KR

3. &R

3.1. ARMRELHAH

1338 B 5 & H, BE 764 N(57.1%)~ L 574 N (42.9%)- 358 7353l 72(61.98 £ 12.82) % | (60.44
+12.55% . wHEHEFEAMAES. VAL BMIE&E T 5O P <0.05), Fi#. HENKF. ESERH.
AP I BE PRI R R R T B R (Y P <0.05), WE 1.

Table 1. Analysis of baseline characteristics of the research subjects

F 1. MANRELFHES

FHE H1H@ (n=1338) FBHEDO (n=764) ZHD (n=574) t/x% Z 8 P
R % 61.32+12.72 61.98+12.82 60.44 £ 12.55 2.49 0.013
HEKF 2.40 0.016

R &L 728 (54.4) 394 (51.5) 334 (58.1)

PNy 3 610 (45.6) 370 (48.5) 240 (41.9)
USRI 3.71 <0.01

PR/ 255 (19.0) 172 (22.5) 83 (14.4)

Y/ 1083 (81.0) 592 (77.5) 491 (85.6)
W AR 1.44 0.149

= 211 (15.7) 130 (17.0) 81 (14.1)

o 1127 (84.3) 634 (83.0) 493 (85.9)
el 7.01 <0.01

52 1023 (76.4) 638 (83.5) 385 (67.0)

& 315 (23.6) 126 (16.5) 189 (33.0)
= i A A 10.41 +£3.43 10.37 £3.28 10.47 +3.61 0.15 0.698
Pk 21 5 A 8.08 +1.88 8.01 +1.83 8.17+1.93 1.49 0.221
e e 132.29 +£20.30 132.15 + 19.32 132.49 +21.55 0.028 0.886
#TikE 70.95 + 13.41 71.66 + 14.48 70.01 £11.78 11.02 <0.01
VAI 2.88+3.10 2.70 +3.32 3.12+2.78 39.87 <0.01
] 109.50 + 15.98 109.98 +15.72 108.87 +16.31 1.007 0.316
BMI 32.13+7.15 31.29+6.53 332+7.77 21.13 <0.01
DPN 0.434 0.510

2 976 (72.9) 552(72.2) 424 (73.8)
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o 362 (27.1) 212 (27.8) 150 (26.2)
DR 1.143 0.285
= 255 (19.0) 138 (18.0) 117 (20)

7 1083 (81.0) 626 (82) 457 (80)

DN 7.312 0.007
& 443 (33.1) 276 (36.1) 167 (29.0)

& 895 (66.9) 488 (63.9) 407 (71.0)

VE: VAL: WHEAEWT$EE; BMI: R4 OLLAEGE H/%)EE x £5 Fom.

3.2. VAL 5 2 8RR EME KB

BT, K VAL 4L(VAI < 1.370)255 #1; 1 VAI (1.370 < VAI < 2.561) 255 fi]; = VAI 4L(VAI >
2.561) 254 f5i. 3 ZH & T2DM BE IR R B Z A8 (P = 0.997) BEIRIBTAL I E0 AR(P = 0.49) BRI B
(P = 0.052) R T2 7. ELtErd, (K VAT 41(VAI < 1.831)192 ;71 VAT 41(1.831 < VAI < 3.046)
191 fil; = VAL ZH(VAL > 3.046) 191 f7l. 3 238 2 BURE R A AP0 A8 (P = 0.022) BH R B IiE(P =
0.002)f Y R AFAEZE S, Wl BRI HL IR DT A2 (P = 0.868) s R T 2= 5%, WA 2. 4 3,

Table 2. Comparison of detection rates of target organ damage in male patients with different VAI

2. BHARE VAl EEEBERER L FILE

G A A S S

B PR3 S [l e 220 184 (72.1) 184 (72.1) 184 (72.4) 0.007 0.997
8 PR A0 DY JEE i 7 50 (19.6) 48 (18.8) 40 (15.7) 1.429 0.490
W R 95 B 97 79 (30.9) 92 (36.0) 105 (41.3) 5.909 0.052

Table 3. Comparison of detection rates of target organ damage among female patients with different VAI

%= 3. WHEARR VAl EEEBERER LRI

fYAAD  TUNED BINAD ey ra

B PR Je] L e 220 A 152 (79.1) 144 (75.3) 128 (67.0) 7.655 0.022
R PR 55 A0 Do 0 A 37(19.2) 39 (20.4) 41 (21.4) 0.284 0.868
TS NER S 47 (24.4) 46 (24.0) 74 (38.7) 12.905 0.002

T @BLAKL(H /%) &R

33. & VAI 5 2 B RFERERENE WA ZE S

PL 2 AUpE PRI LS B I E NN AR &, DL VAL 04NN T R £ G logistic [BIVA0 4T, 4558 8R&
i, DV VAT AN S I, & VAL S B3 K A RE IR & AP 299 28 (OR = 1.870, 95%CI = 0.965 — 1.180, P =
0008). XI5 B (OR = 1.951, 95%CI = 1.258 — 3.028, P = 0.003) I KELA K, W# 4. % 5.
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Table 4. Analysis of VAI in females and diabetic peripheral neuropathy
F 4. & VAL SHREKFBREE#HESHRES

izt b Sb WaldXx2 P OR 95%CI
IR FBR
ik VAL 4 - $ VAL H 0.411 0.228 3.251 0.071 1.508 0.965 2.357
i VAL 4 - & VAT A 0.626 0.235 7.093 0.008 1.870 1.180 2.965

Table 5. Analysis of VAI in women and diabetic nephropathy
5. &M VAI 5HERE SRS

izt b Sb WaldXx2 P OR 95%CI
IR FBR
ik VAL 4 - 1 VAL H 0.668 0.224 8.896 0.003 1.951 1.258 3.028
ik VAL 4 - & VAT 4 0.690 0.225 9.391 0.002 1.994 1.282 3.1
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— IR T 5 HE R LB PR T BB ST R R B (2] (3], AHELT BMI FIWC, =K VAL 5 H
BTN SRR PRI R AR 2R ARG . AR ISR I, Sk 1) VAL 5 R 2 BURE R0 285 A8 B 4
FIRE RIEASG, T HZMR B RREE L, oKW XRRIRAT VAL AMUAUATE 9 Tl % AR
AR AR bR, AR TR 2 BYRE R & ¥R A B E 4R bR . Hameed 55[410H90 T LB #FH H VAL
5B 48 A2 ISR I, 24 VAL RIS, B3 MRS E, R A7 7E MG 54 A
TyG 85N . XK VAL 7] LA 804l Lotk U PRSI 15 o, X 5 RATHIBE 2 — 8 . BT Xt
o E R RRE i, AR T AR BN G D $6 $4(Chinese Visceral Adiposity Index, CVAI), ‘EfE
VAL BB B PN TR IR, JF4 CT EHFIE,  DUST S b Sl ST N 0% PR I IR I R0 i i e
AR WEFCRI, CVAL 558000 K A i35 A0 ¢, BF FE 48 H 4ERF CVAT IR 7K R Ty e 0o 1) R
A, CVAL Ay W el Lo S Bt E R E A o Zhou[ 5155 NAE A B I A N R B, VAL K- 525 38 v,
o R NG MRS 240, 2 BOWE R B 1 PR AN 1 2 5 B R AR R o R 7K1 VAT AN BB R 1 &
BrAlE, R AR IR I VI 2 (NAFLD) RS2 fa b R &, W oR[6], m VAL A/ fitill NAFLD #
NASH (ARG IR 28) o 7K VAL ZEAEAREH s R AT A S e, A B 5038 18 FH R 2R 08 P A B
[7], i VAL ZHBAK VAT A3 g v 5. s, Bk —0eTH E 24 AT EE8]
RIE T, BEE I (] ARSI EAE AR sy, A DN B g i RS BRAES, ARk T . A T
FORBL, VAL $5EUKT T 2489 i B2 1 BN AP IR 7 452 (OS A) I BEFE (9] VAL S2MAHE 99 S A
PIMLE B AT A, VAL THE S NIRRT DhRe 2 aLA G, AR VAL Jh s 2 3G il 5L 474
AE EBE AR R 107, 38 DX S 1 A RS 2 RE AU SL0H T 52 W I8 DI RE « INUE D Re 32t o it — 2B
W PR FF fe 28T IR 2 B 1 4 o

AR FAEAE—E SR PRYE . A0 )& TR Wi (Rl B 7, JoiiHElT VAL S 2 BYRE R FE2% B 41 35 1
RIS . BN TTREZ IR B AR OCIR A N 35, (H] BRI A R AR R R ik . ok, BT o EdE
R NEHRE BE RS, DR e RS IE
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