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[Abstract]

Objective To investigate the correlation between the atherogenic index of plasma (AIP) and gallstones and to

assess the potential mediating role of the visceral adiposity index (VAI) in this association. Methods Based on data from the US
National Health and Nutrition Examination Survey (NHANES) 2017-2020, participants aged >20 years were enrolled. Baseline data,
including age, gender, ethnicity/race, and other variables, were collected. Participants were divided into gallstone group (n=627) and
non-gallstone group (n=5238) based on whether they had gallstones. AIP, as the exposure variable, was grouped into quartiles (Q,-Q,)
to assess its association with gallstones; VAI was included in the mediation analysis. A multivariate logistic regression model was used
to analyze the association between AIP and the risk of gallstone. A multiple linear regression model was employed to assess the
correlation between AIP and VAL Subgroup analysis, interaction tests, restrictive cubic spline (RCS) analysis, and mediation effect
analysis were conducted to explore the AIP-gallstone relationship and the potential mediating effect of VAI. Results A total of 5865
eligible participants were included, of whom 627 self-reported gallstones, resulting in a prevalence of 10.7%. When AIP was grouped
by quartiles, the prevalence of gallstones showed an increasing trend, with rates of 7.1%, 10.0%, 12.7%, and 13.0% in Q, to Q, groups,
respectively (P<0.001). Multivariate logistic regression analysis revealed that higher AIP was significantly positively associated with an
increased risk of gallstones (fully adjusted model: OR=1.81, 95%CI 1.33-2.44, P=0.0001); the risk in Q, group was 76% higher than
that in Q, group. VAI was also positively associated with gallstone risk (OR=1.03, 95%CI 1.00-1.06, P=0.0421). Multivariate linear
regression indicated a stable positive correlation between AIP and VAI (8=6.29, P<0.0001), which increased with rising AIP quartiles
(P<0.0001). Subgroup analyses revealed that this association was more pronounced in females, individuals under 60 years of age, non-
=0.0418).

RCS analysis indicated a nonlinear relationship between AIP and gallstone risk, with an inflection point at 0.37, where risk increased

Mexican Americans, and those with a high school education or higher, with an interaction effect observed for gender (P,.....con
significantly with rising AIP prior to the inflection point. Mediation analysis suggested that VAI might play a role in the association
between AIP and gallstone risk, but no significant mediating effect was observed (P=0.134). Conclusions A significant nonlinear
positive correlation exists between AIP and the risk of gallstones. Although VAI is highly correlated with AIP and is associated with
gallstone risk, its role as a mediator was not statistically significant in this study, suggesting that its mediating effect in the pathway
from AIP to gallstone risk remains unclear.

[Keywords] gallstones; atherogenic index of plasma; visceral adiposity index; NHANES; cross-sectional study
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Tab.1 Baseline characteristics of the gallstones group vs. the non-gallstones group

T H TCHASE £ 24 (n=5238) MRt 4H (n=627) P
A (%, xts) 49.9+17.0 57.6£15.6 <0.001
PERI[ (%) ] <0.001
5 2657(50.7) 176(28.1)
& 2581(49.3) 451(71.9)
Tl / B[ 191)(96) ] <0.001
AV REREA 597(11.4) 77(12.3)
BB RIS PN 1876(35.8) 286(45.6)
EVEHE T ERA 1450(27.7) 124(19.8)
A A% 1315(25.1) 140(22.3)
PR [(%)] 0.427
LT 832(15.9) 93(14.8)
s 1220(23.3) 160(25.5)
[ 3186(60.8) 374(59.7)
WS WAAR DL (%) 0.263
s/ SEBRE 3061(58.4) 381(60.8)
ey 2177(41.6) 246(39.2)
PIR[{3](%)] 0.380
<2 1989(38.0) 252(40.2)
>2 2651(50.6) 313(49.9)
NEHE 598(11.4) 62(9.9)
W ARARBL 161 (96) ] 0.014
P 2178(41.6) 293(46.7)
1 3060(58.4) 334(53.3)
eI [ (%) ] <0.001
= 1917(36.6) 340(54.2)
w 3321(63.4) 287(45.8)
BEIRIE[151)(%)] <0.001
s 697(13.3) 155(24.7)
i 4541(86.7) 472(75.3)
i (451 (96) ] <0.001
S 814(15.5) 130(20.7)
® 4424(84.5) 497(79.3)
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2 SREEZMEHS E IR (NHANES) 8 7 2017-2020 4[] ATP B9 T8 AR SLERFAE
Tab.2 Baseline characteristics of the study population according to AIP in NHANES 2017-2020

T H Q, 4 (n=1466) Q41 (n=1466) Q, 41 (n=1466) Q,41(n=1467) P
RIS (%, xxs) 47.5417.8 50.8+17.2 52.7+16.9 51.8415.8 <0.001
PERI[51](%)] <0.001
5 557(38.0) 617(42.1) 730(49.8) 929(63.3)
s 909(62.0) 849(57.9) 736(50.2) 538(36.7)
Filite B[] (%) ] <0.001
BINFHEEREAN 103(7.0) 159(10.9) 180(12.3) 232(15.8)
JEVEBEAF B A 482(32.9) 515(35.1) 563(38.4) 602(41.0)
VTP RN 572(39.0) 459(31.3) 344(23.5) 199(13.6)
HAbF % 309(21.1) 333(22.7) 379(25.9) 434(29.6)
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T H Q, 4 (n=1466) Q,41(n=1466) Q41 (n=1466) Q, 4 (n=1467) P
HERREH(%)] <0.001
LY 166(11.3) 213(14.5) 249(17.0) 297(20.3)
i 326(22.2) 337(23.0) 360(24.6) 357(24.3)
EHLL 974(66.4) 916(62.5) 857(58.5) 813(55.4)
WS WRAR T (5] (%) ] <0.001
EUE/ SRR E 780(53.2) 805(54.9) 889(60.6) 968(66.0)
BB} 686(46.8) 661(45.1) 577(39.4) 499(34.0)
PIR[41](%)] 0.241
<2 524(35.7) 574(39.2) 564(38.5) 579(39.5)
=2 772(52.7) 737(50.3) 722(49.3) 733(50.0)
NEHE 170(11.6) 155(10.6) 180(12.3) 155(10.6)
IR (51 (%) ] <0.001
= 924(63.0) 896(61.1) 816(55.7) 758(51.7)
= 542(37.0) 570(38.9) 650(44.3) 709(48.3)
fR ML [ (9%)] <0.001
= 425(29.0) 530(36.2) 618(42.2) 684(46.6)
= 1041(71.0) 936(63.9) 848(57.8) 783(53.4)
HEPRIA [51](%)] <0.001
= 93(6.3) 161(11.0) 253(17.3) 345(23.5)
i 1373(93.7) 1305(89.0) 1213(82.7) 1122(76.5)
W i [171] (%) ] 0435
& 246(16.8) 249(17.0) 223(15.2) 226(15.4)
w 1220(83.2) 1217(83.0) 1243(84.8) 1241(84.6)
e LR 151 (%)] <0.001
= 39(2.7) 54(3.7) 76(5.2) 96(6.5)
e 1427(97.3) 1412(96.3) 1390(94.8) 1371(93.5)
RS (71 (%) ] <0.001
= 39(2.7) 74(5.1) 85(5.8) 95(6.5)
5 1427(97.3) 1392(95.0) 1381(94.2) 1372(93.5)
SR [151](%) ] 0.181
P 138(9.4) 145(9.9) 161(11.0) 171(11.7)
& 1328(90.6) 1321(90.1) 1305(89.0) 1296(88.3)
i3 JI LA (471 (%) ] <0.001
= 361(24.6) 485(33.1) 586(40.0) 714(48.7)
i 1105(75.4) 981(66.9) 880(60.0) 753(51.3)
AR5 [151(%)] <0.001
= 104(7.1) 146(10.0) 186(12.7) 191(13.0)
w 1362(92.9) 1320(90.0) 1280(87.3) 1276(87.0)
VAIIM(Q, Q)] 0.72(0.56, 0.89) 1.28(1.08, 1.54) 2.03(1.69,2.41) 3.82(3.04,5.19) <0.001
AR g M(Q, Q)] 71.36(54.77,93.92) 70.06(52.97,91.05) 73.20(54.54,94.82) 76.31(56.61,98.88) <0.001
HEWIHA R [g M(Q, Q)] 77.01(56.04, 105.65) 75.27(53.61,101.96) 77.41(54.56,102.88) 78.22(56.26,106.41) 0.265
AR (g, M(Q,, Q,)] 14.20(9.80,20.25) 13.95(9.30, 19.30) 14.20(9.90, 20.33) 15.45(10.50,22.05)  <0.001
KA g M(Q, Q)] 960.00(479.63,1599.94)  921.00(433.50, 1605.00)  892.50(397.50, 1545.00) 987.00(465.00,1720.50)  0.028
PIR. FEEWCA TN L5 AIP. MK SNBRRFEREAL TR AL VAL PIBERR I HE 4L
22 Z7ZEEENIAT AIP . VAT 5 IEZE5 A % Az AU 22 [] 1) 56 Z 248 i 278

2.2.1 AP, VAT 5 HES 7 R Az MUK =2 18] B 56 5% R AT TIEAG, AORUNER 3 PR . fER
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PR AT AT PP 1 0 SR AR SR (B 1), AIP 5 IBSE
A kA KBS 2 [8) 42 B i OF 4 9% (OR=1.87, 95%CI
1.46~2.41, P<0.0001); 7ERLAL2 v, JHFEPER] ., 4F
. FE . BERRE M PPIRGUE , ZOCERAMKIA TR
fdt H 2 A3 i 24 & L (OR=2.41, 95%CI 1.81~3.19,
P<0.0001); FEHE— % PIR, WARIRAL . TR A
REAF. B, B4Rk EAR) kIt L
E SRR RN 3 R, ATP A5 45 A7 & A XU =22 [] )
A PE A R B (OR=1.81, 95%CI 1.33~2.44,
P=0.0001), FH]AIP & FbE—AF00, BRES AR AE
AU 38 819%., 4 ATP 4 K1) 43 VU 431 1 (Q,~Q,) ilf
Ak prist, 5 It A7 % A XU =22 18] A9 15 A
K MEAER B3 (P<0.0001), FERLAY 3, 5 Q414
b, QARG A1 & A KBS 14 N 769%

VAL 5 IR 2547 e A= AU 22 [a] IR A7 B A 1E A 3G
KFo TEAERI 3T, PR RTVE RS, VAR
— A, MBS A B & AR KU 3 N 3% (OR=1.03,
95%CI 1.00~1.06, P=0.0421),

222 AIP 5 VALZ[RIRAHSCHE  AIP 5 VALZ [H] 1A
KA AN 3 7 o AEAR T BEATAT HpAS i 11 S5
URAERI (A 1), ATP 5 VAT 5 B i TEAH 56 (8=6.00,
95%CI 5.87~6.13, P<0.0001). 7EARAL 2 hxi5], 4F
W% B, HEBRERUSTRO TR IS, IZAHG

PEAK 9k B 3 (B=6.32, 95%CI 6.19~6.45, P<0.0001)
TEE— LR PIR . MORDIR AL . IR R R (B
NEWT . BEELF4E . IKIEEA ) K I &E 45 A8 AR
I3, AIP 5 VAT Z [AMJ5 et e HLBH S04 1IE AH ¢
£ (B=6.29, 95%CI6.15~6.42, P<0.0001),

iF— 2045 ATP UG BT A o i e B, EASEAL 3
i, 5 QdiM, Q4l(B=1.33, 95%CI 1.19~1.47,
P<0.0001) Fl Q, 2H (B=4.03, 95%CI 3.89~4.18, P<0.0001)
) VAT B S iy, 5 R ATP i 11 28 5
P, QALY VAL B AL Q, 4 W& A Tt (B=0.56, 95%CI
0.42~0.70, P<0.0001), HWEEERE/IN, AP PUSHEL
VAL Z [A]HA 5 B 5 2 I 2 OC 2R (P payspgons <0.0001)
2.3 WS HT RIS HAE RS R ITAl AIP 5 B4
A kA RS Z A SCBR g da kIR REHAE AR
HrP I TE2ZE 5, ARG T T 500, 45580
FaPoR, fELlE. 602 LT . BREEAFEEE A
SN HEABFEN . SRR S 5 AT,
ATP 5 IHZE A e Az AU 22 [ (14 DI B Sk B &2 (P<0.05)
EASE B2, TR 532 38 BAR S PAE
0.0418, $2715 ATP 5 HA5 A7 Az KU =2 1] 7 SCIR 7R A
()P 0 PR A A S 2 2 EAE s ITAEAR S . e fn
HERESEHERWAST, & HAEH B P>0.05
(P >0.05), KU L NFEAFIERT AIP 5 IBZS 41 & 4

3 AIP VAL IHGE AR A RS (1 22728 50 [l 5 3B 48 R L) K AP 55 VAT A G
Tab.3 Multivariate regression analysis of AIP, VAT and gallstones and the correlation between AIP and VAI

- R 1 R 2 HTR 3
OR Y B(95%CI) P OR &, B(95%CI) P OR Y B(95%CI) P
ATP 5 IRG5 47 A KU 14 56 7
AIP (LR 1) 1.87(1.46~2.41) <0.0001 241(1.81~3.19) <0.0001 1.81(1.33~2.44) 0.0001
AIP(PH 55 %)
Q Ref. Ref. Ref.
Q 1.45(1.11~1.88) 0.0057 1.39(1.06~1.82) 0.0156 1.29(0.98~1.69) 0.0676
Q 1.90(1.48~2.45) <0.0001 1.84(1.41~2.38) <0.0001 1.58(1.21~2.06) 0.0008
Q, 1.96(1.53~2.52) <0.0001 2.21(1.70~2.89) <0.0001 1.76(1.33~2.32) <0.0001
P pssiion <0.0001 <0.0001 <0.0001
VAL 5 IHZ5 A e A2 XU 1 56 2 1.06(1.03~1.09) <0.0001 1.06(1.03~1.09) 0.0001 1.03(1.00~1.06) 0.0421
ATP 5 VAT [l H
AIP(GEZLAE ) 6.00(5.87~6.13) <0.0001 6.32(6.19~6.45) <0.0001 6.29(6.15~6.42) <0.0001
ATP(PU 537 £
Q, Ref. Ref. Ref.
Q 0.59(0.45~0.72) <0.0001 0.59(0.45~0.73) <0.0001 0.56(0.42~0.70) <0.0001
Q, 1.36(1.22~1.50) <0.0001 1.40(1.26~1.54) <0.0001 1.33(1.19~1.47) <0.0001
Q, 4.05(3.91~4.19) <0.0001 4.16(4.02~4.31) <0.0001 4.03(3.89~4.18) <0.0001

p R <0.0001

<0.0001 <0.0001

AIP. I 3K SRR REALAE S VAL NIIEARIIFE 5 PIR ZOEICATTIR L Ref. Z20; BIAL LR P HEATIRIAE 5 MR 2 X000 4
i P AR IRBCHEAT TR RS B 3 7R 2 Bl B XS PIR . mifUR . WA L W L SR IR | EE . B |
FIRERAAE . BT LR A | IR AR A T TR
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Tab.4 Subgroups analysis for the associations between AIP and the risk of gallstones

BT 1 i 2
A3 Py
OR(95%CI) P OR(95%CI) P
Fet o4l 0.0418
% 1.72(1.10~2.69) 0.0173 1.22(0.75~1.99) 0.4322
e 3.70(2.63~5.20) <0.0001 2.26(1.56~3.28) <0.0001
FAFIR 520 0.3784
<60 % 1.90(1.35~2.67) 0.0002 1.97(1.34~2.90) 0.0005
>60 % 1.76(1.19~2.62) 0.0051 1.53(0.99~2.38) 0.0563
FiRe s 2R 04135
S AEEEA 0.92(0.44~1.94) 0.8368 1.05(0.45~2.43) 0.9075
BT AN 1.86(1.25~2.75) 0.0020 1.71(1.11~2.64) 0.0160
VB E RN 2.19(1.19~4.04) 0.0117 1.95(1.00~3.79) 0.0499
HoAth i 1.86(1.11~3.11) 0.0188 2.44(1.37~4.33) 0.0023
R TR o4 0.1646
=LY 1.17(0.61~2.25) 0.6429 1.01(0.49~2.10) 0.9688
=l 1.91(1.14~3.19) 0.0138 1.64(0.92~2.95) 0.0945
(LY 2.14(1.54~2.97) <0.0001 2.17(1.49~3.15) <0.0001

r [ %71

ATP. [ SRR RE L7 %

AU 6 2R B /R AN (.3, $28 ATP S5 R4S 1 %
A XU B TEAH OGO R AEAN R AR R 38 {4 b HAT — 3K
YRR ETE, (HPE B AT REXT 1 0 R AFAE— 2 R TY
YEM .

2.4 AIP 545 A KA KB R IEL TS 1
ST AV RLARY (B 3) i i ph A i fe, RCS 2R
I aE AN 1 TS, AIP 5 IHGE £7 K A KUK =22 6] 77
16 B AR B (AR 1 P<0.001) . Fifi i 2R FH 9 [
B M Il SRR B (B0, 25 R0 ATP 1) 45
HN037, MAIP<0.371F, AP SHZE A & A XU 5L HH
YR IEAHSE(OR=1.81, 95%CI 1.33~2.44); Ifii 4 AIP>0.37
BF, Iz oCHsR B W, thgls TP %, #n
0.37 ATELE MG FHE

2.5 AN AHT PN TS R BN, ATP
SRS A A AU 22 [R1AEAE B i 1EAH DG OC 2R (AL
OR=0.0245, 95%CI 0.0132~0.0358, P<0.0001), Hi%
Bk 32 EE O H B 80 9K B (OR=0.0340, 95%CI
0.0157~0.0603, P<0.0001), & VAITEFEAS A5 0]
LA, MEEER N RBEREIT¥ER
(OR=-0.0095, 95%CI —0.0381~0.0024, P=0.134), H
A F ) OR=-0.39(95%CI —1.70~1.12), &/~ VAI7E
AIP 5IRZEA R - A ERIB = et 3 Rs, B
AT BEAELE R B I

3 it it

3£ F NHANES 2017 —2020 4F 0504, AWFoE &
GVEAE T AIP 5 HEE A % A2 KU 22 18] i 528K, IF IR
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Fig.1 Relationship between AIP and the risk of gallstones
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BRI« 0o . BB SR G R A AR A DG 3T &
SEEMZS A B WA, Rt B s AR R
WO, PR IRES A kA SRR AR
y 5 S /N TTI = if=31 B % oo S AP e Sl R Y L =
PR HATREH AR A S fa R &R, sifr e
TR 2% R 2 5 i HL ST Ty ] o

TEL 7B A, AIP X IHSE A7 % A XU FL
ARMERN TR, E2mEBIRRNER, AP
Fhm—ABr, BRZE A & K3 N 81%, #E/n
FTER SR 2 . F U BT, Qi Q4
B R XL T i 0 e LSRR R B . BB Ab
RCS [ 28 A1 By B 28 % 1] U5 35 (8 7% AT 5 2% &
A XS AR P R, AE AIP=0.37 40 ER A A5, it
Je U R 98 2%, B 7R A ATP 230 50 i 0.37
BF, R A O R R SR A g i A A T X —
BN RSIE e ANFERAE T B e, SonT S Bl
SEAMAAREZE £ 51 B S s

5 AP 4L, VAL S5 HZ5 A K& A XUt 2 E A
%o VALES I —ANBART, REZE £ % A XU 3 hn 24
3%, 7~ PIIERR D5 HE R S T g 25 AL AT (2 kAR SS A E
o VAIVE N AR 17 53 A5 55 B 6 bR, REAE b 78
AP FERR BRI S VA TP AN I o BBAh, Rl
ST IR, VALTE AIP 5 RS 7 & A XU =22 [a) 343
AR, B G S 38 A E 9 A 1 T e
VE, U AR g R A KU o AR EIL R A
B, PG 5 T BE 2 R mT A ik 22 o s A 1 o ] e
PERRZE A B . — i, PERE 7 ik B HE A AT 5
AR RHRPT, SE RS R USRS I, Bk
B NG TR (FEA) BRI, 281 %8 kis ik Z P IE
J A2 E B AR % B2 B 45 11 (VLDL) & 5 400, 35l
TG/KETHE . #IEE H AL-S A2 M HDL-C 7K
IR, M R ATPR S —Jr i, PERR T
SRR AT 38 2o 5 AR B A, o AR
NREE A BIE AL BRI AL 53 W B A2 98 IR F T 15 I
Y L AR RN HE D BEZE AL, 1 n A i AR ) 43
W, VR IR AR A . S A, K Rt 2
TG M FEA A] 78 JH-4H i A 4z A oA AL ] e 38 3 A 7
Ay IR AR ANBAE ol JIE T IE [ DR R LA Ok
iy AR PR RN BE T, oAy AR P AR A B
R 5 lRlE, 38 22 4 P A A 17 40 A Y
W A0 B 22 7 I IR PR E IR F-o . F LAY 2R -6 FITBAL
EANM LR (-1 SRR R H T, X RPEA T n]
i TR JE B X A2 AR AL AR i s i M, il R
IR A S BE % i (CYP7AL) 1 235, FRAR AR B2 Ak
B, FFUEES IR T R R LA RE P Ak, e
FEAH G R 3 2T RE O i Ko 2 OKE T, RTRE
0ot FEL A o 240 A 0 205 S U S R, SE R R TR
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JUELABE PAY ) it B ISP TR] DTS — 20 i 2 IR T 52 5t A 1
Wi S ERAED,

AUFFERL B, FEdetE . 60 % LR K AR
A5 P4 AF 6 5 R NHE UL 2 ATP 55 45 £ 4 A XU
Z I Y SCIR B0, 4it7n ATP 7% 28 A\ HE il GEHAT
T e B AR FONANAE, BEZS A B A T 2= R R 5 AR
IR PRl A8 1 FH SO0 ) BEAEAS [ ARE rh 52 A [
B ZEAERI AR BRG T  B &, $&7R AIP
SIRS5 A Z B IEARSCHE SR AR B —E 1 —
e 25 b, ARWTTEARAR T KU AR Y
BEACRRE, Hudis ) ATP A T 7E &R 53 MR A4 o i 3 i
B, A BTSRRI SS a E e A

A5 (R T T DR B FRAH o A7 A R
TEWTAME SR AT R, ELAR AR 7 P e TR 2% ]
2, EHOATE TR 8 7R 1 AIP 5 B4 £
PR Z IR AR M IE AR SE R, IR 4R VAL AT
REAE IR R —E R R, RAEZAEHIR A E
Giitr R . AORTIE TS I, ARG AIP
VAT RAERE . M9 BMISFAE GGG PR 3R i 278 1 X
B PR AY | I it ROC AR i 2 23 P AG
HERTHAVERE . ARG RS, XF AIP 32T al,
L 0.37 H VAU (M4, Ii254 g5 wC i 7
WU 3 JZI AR 2 HE D S P A A 5 ) v ATP Bz (88)
i VAL AKE, WA s s ar ikl . Atz gl
I 5 2R AR B R B2 [T T 26 | i e
B I 5 380 32 A o 3 80157 (peroxisome proliferator-
activated receptor alpha, PPARa 34 ) 71]) ok A - 5 25 bl
PpI) i iz 8 1 2 9057 (sodium-glucose cotransporter 2
inhibitor, SGLT-2 I l7]) ]+ B FEARACHAES s A
Jr A ATP FIVATHFEET b, N B A QI A 2 1)
WS K AN, TR RTBE PRI RS B 1
R AR SR, P ailas s TR, B
B MBS E, TF RSN S BN AR, £ 7t
A HERIRL,  DASCBORSHE TS AR A4S B

ZELRTIA, ARWPTREERRY], B A1 5 L
AP THE & P B, BRI $E7R ATP ] Rl
VAL [ 52 i fRE5 0 2 A, AHABIFSE v i b A 300
RIZFNGE e B, ATRE SRR R AR
RO B IR A R AT o ARRWFFE AT 3 — 20
PR S BACSRPERY NI 5 18 b (A0 CT I S g s
i 5 AR E S ) S 5 1E ATP 5 IR 45 40 Z [ AAAE 5
B B A TE

(B AndtAst]
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