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

Based on data from the US

National Health and Nutrition Examination Survey (NHANES) 2017-2020, participants aged >20 years were enrolled. Baseline data,

assess the potential mediating role of the visceral adiposity index (VAI) in this association. Methods

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 VAI 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 VALI 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
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REE L4 A (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. KEEWATLIR LL s AIP. KB IRRAERE AL TEE VAL NIERRIDI 52K
2.2 2R EEEIAT AP VAT 5 HZS A % A AU 22 8] 1Y) 56 FR 10 ) 2248

2.2.1 AIP . VAL 545 £ kA XU =22 18] A4 56 3 L PH VAT AL, SRR 3 PR . fER
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P RATAT B 1 0 SR AR AR (B 1) v, AP 5 IE4S
A kA R 2 8] 5 B B OF AH 3¢ (OR=1.87, 95%CI
1.46~2.41, P<0.0001); 7EREAY2 d JEEPER] | 4
W% AR BEBREASPUROLE , 2GR AR
fat H 2 AT 511 % 2 L (OR=2.41, 95%CI 1.81~3.19,
P<0.0001); fE#E— I PIR. WAPRAL . tkEH
HEEAFE. BB . B4 KA ) Ktk
iE SRR AR 3 Ff, ATP 5 S A A XU =22 1] £
A P A SR W ¥ (OR=1.81, 95%CI 1.33~2.44,
P=0.0001), FHW]AIP &FE—AH0L, BZAMKE
DS 8 T 819 24 ATP 9 K] 434 DU 7313 4 (Q,~Q,) i
T, HA5 ARG A e Az IRUBSE 22 [ 1) 1E A
KA IR 2 2 (P<0.0001), FEFEA 3 i 5 Q41 4H
e, QARG A & A RGN 76% .

VAL 5 57 e Az KRS 22 6] IR A7 A8 B S5 1E AH ¢
KFRo EHHI3, PV RTE, VAR
— AR, IS & AR KU 38 T 3%(OR=1.03,
95%CI 1.00~1.06, P=0.0421),

2.2.2  AIP 5 VALZ [HAHEH:  AIP 5 VAT Z [A] 44
KAESTWIEERAMNZR 3 PR o TEARVAREATAT HIAE f22 14 Ji
LRBRI (R 1), ATP 5 VAT 52 B (5 1E 4156 (8=6.00,
95%CI 5.87~6.13, P<0.0001), FEFLHY 2 Fpshi 5] | 45
15 P, ZOE R RUERRR S TS, A

PR SR 3 (B=6.32, 95%CI 6.19~6.45, P<0.0001).
FESE—L R PIR . WMRAR L . IR IR (BRI k.
BEWG . REELF4E . AKIER A RE) SO B AE 45742 it AR
I3, ATP 5 VAL Z ()47 4 Rpfe e HLIA S i TEAH G
P (B=6.29, 95%Cl6.15~6.42, P<0.0001)

it — 2542 ATP DU 3 i 8o A Al R I, AR 3
B, HQ4iMk, Q,41(8=1.33, 95%CI 1.19~1.47,
P<0.0001) F1 Q, 4 (B=4.03, 95%CI 3.89~4.18, P<0.0001)
(VAL R Tt s, H BB ATP T i i 28 i T =
o QUL VAL B 58 Q WA FH 51 (B=0.56, 95%CI
0.42~0.70, P<0.0001), {HMEEER/N, AP PUSMi S
VAL [] FLAT 155 25 2 OC 3R (P i <0.0001) o
2.3 WA HT A BEAEIR S S PEAG AP 5 HZS
A1 R AR RS Z R DGR A e dd TR R ILTE AR
P TEZE R, AR T TIWA P, 458
Rafim, FELME. 604 LN BRENEFEEEA
SRRy AR RN . EHR UL RIS 5 A,
AIP 5 IHZ5 A7 e Az A 22 [ () IR B Sk BH i (P<0.03)
AR RIS, et 502 b 22 BAE I PAE A
0.0418, $7r ATP 5 IHZE A & A AU =22 [] () SCHRZE AN
RV ) A AE 2 A BAE s TAEAERS . Rl AN
HERESLRTA D, 2 HAEM P>00s
(P 4>0.08), FRUIXLL NFEAFIERT ATP 5 B 1 KA

=3 AIP VAL SRAZE A K A XU B 2248 i R AT 45 5 D) ATP 5 VAT AR S PE

Tab.3 Multivariate regression analysis of AIP, VAI and gallstones and the correlation between AIP and VAI

A 1 A 2 R 3
A
OR =Y, B(95%CI) P OR =Y, B(95%CI) P ORTY, B(95%CI) P
ATP 5 IG5 £ R A KU (1 56 2R
AIP(ELE i) 1.87(1.46~2.41) <0.0001 2.41(1.81~3.19) <0.0001 1.81(1.33~2.44) 0.0001
ATP(PUT )
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 psspeions <0.0001 <0.0001 <0.0001
VAL 5 HE5 A & A KU B 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
AIP 5 VAL f#HSE
AIP (LR 1) 6.00(5.87~6.13) <0.0001 6.32(6.19~6.45) <0.0001 6.29(6.15~6.42) <0.0001
AIP(PY 5357 %0
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
Ppssieions <0.0001 <0.0001 <0.0001

AIP. IR SRS FEREALAEEG VAL AR IR EL: PIR ZEEEMCATTIRI L s Ref. Z2H; WAL 1 RXS UMV AT AERL 2 XA 45
i AR, BEREERUS IR T T IR AL 3 7R 2 SRR DX PIR A . WAL R RO . JHEBOR . R . REPRN |
IR BT . AT . B ER AR | IR A RUK AT BT 1%
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Fa AP HIRSE A R KUR AL AL 3 4
Tab.4 Subgroups analysis for the associations between AIP and the risk of gallstones

R 1 TR 2
215 Py
OR(95%CI) P OR(95%CI) P
FEPER 53 0.0418
P 1.72(1.10~2.69) 0.0173 1.22(0.75~1.99) 0.4322
oL 3.70(2.63~5.20) <0.0001 2.26(1.56~3.28) <0.0001
FRAFEIR 7340 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
FEFPE S 0.4135
EVAEEREA 0.92(0.44~1.94) 0.8368 1.05(0.45~2.43) 0.9075
ElFIE IR IEUN 1.86(1.25~2.75) 0.0020 1.71(1.11~2.64) 0.0160
PP E RN 2.19(1.19~4.04) 0.0117 1.95(1.00~3.79) 0.0499
BER{ivEDS 1.86(1.11~3.11) 0.0188 2.44(1.37~4.33) 0.0023
B EBRE A 0.1646
=LY 1.17(0.61~2.25) 0.6429 1.01(0.49~2.10) 0.9688
= 1.91(1.14~3.19) 0.0138 1.64(0.92~2.95) 0.0945
L 2.14(1.54~2.97) <0.0001 2.17(1.49~3.15) <0.0001
ATP. (L3 kb FERE AL £
KU R I R B3, 5 AIP 5 IR%S 1 % — g
Az AU Y TE AR DG OC R TEAN [A] AR b 1A | BT — 3 T
P RIR G, (EAE B AT REXS 1256 RATAE—E IO IR - )
fE o

2.4 AIP 5M%5A & AR X RAELEST
SE AR AR (B 3) h i i E R B S, RCS 2k
ATEE AN 1 TR, AIP 5 IR45 4 & AR XU 22 [l 7
7 R AR M Ok (AE LR P<0.001) . BifiJE R FH PR
B AR R BN, 45 SR 8 AIP B9 45
FR0.37, 2 AIP<0.37 1}, AIP SHHZE AT %K A XU L I
B IEAZE(OR=1.81, 95%CI 1.33~2.44); Ifij>4 AIP>0.37
BF, i OCH R BB s, it TP %, #im
0.37 MIEAEIIG FHE

2.5 AR AHT AT R BN, AIP
SRS A K Az AU 22 6] A7 BH S 1R G 5C 3R (R
OR=0.0245, 95%CI 0.0132~0.0358, P<0.0001), H i%
X B 3 Bl H #2800 9K 5 (OR=0.0340, 95%CI
0.0157~0.0603, P<0.0001). JX4& VAITEREAE A Ji 0]
AR, A BN REGE ¥ ES
(OR=-0.0095, 95%CI —0.0381~0.0024, P=0.134),
A Fe 4 7 OR=-0.39(95%CI —1.70~1.12), 427K VAL {E
AIP 5HZE A P - A E B = et 3 FE, B
AT BEAELERR BE R0

3 it it
JL T NHANES 2017—2020 4E P84, ASHF9E &
GEVAY T AIP 55 REZE 1 A2 ARG 22 18] A SC B , FF IR

NEZS A K (%)
(33
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Fig.1 Relationship between AIP and the risk of gallstones
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F IR AR . SR BHAG  JEELTE AL . BARDIEA S
HUKIRASE . AIP. I3 SRR FERE AL 5L

ARV T VAL R R . 7 5865 S BFFER
HEEE AT AR 10.7%,  $Eos IBES 4175 S 1R 4R ARF
AT LIRS

TEREZRRAE S, IEASE A0 2 CHEAFE i BT 0 fi
ey, HAPEHe By, AFa B SS T RS A otk
K BTATIG AR, AL R REW AR |
GEAR S AR S AR AR A B A 1 O A Z A
R Ah, ARPBEAE HATERSS 1 APy He ]
B, P RGOl ARSI SRR UL, B IR
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VRIS . e O . RS SRR 25 B AE A5G &
JETEARSS A gl 38 B 3 w4, R o i R 5
WAOH, PR SRR A K SR L)
PG, BRI, (R RR MLE 7E TC RS & AR b i B ey
PR H AT BB AE MRS A S R I R, slifE e
TR A PR 2 i H O[]

LA R A, AIP X IBSS A7 % A KUK EL
FRERTNRLEE. E2mAERANEE, APA
ThiEs—A50r, RS & A KU 38 i 819, #7m H:
HETERER N Z . Ui BT, QdlEiQdl
%) FB 9 X A 8 1 e LS ) - S B B4,
RCS [ £ 1 By B2k v m1 9 35 7w ATP S5 IR 25 &
AR AR R, 7E AIP=0.37 40 BR 45 A5, itk
Jei RURSE: 38 SR 0 2%, $E 7R AN AR ATP 25 sl i 0.37
AF, R A I ST JR AR R O A I T, X —
BRI RO & fa AREERAL T ARk E , slonT il Bh i
TE AL IR SE A T 7 SR s

5 AP 251, VAL 5 AHZE £ & Az AUt 5 1 AR
Ko VALERHEIN—ANPA07, RRZSE G & A KUK 38 in 2y
3%, 2~ N ENE e A ek o sE S L TR o IR &S A T
Mo VALVE N BB I o3 A 5 0 W48 45, e fh 72
AP TER AR S PP R A o IEAh, AR
MR, VALLE ATP 5 IS £ % Az KU 2 [l & 543
YRR, B G S S8 AR HE 9 AR 7 T fig
VE, bR A A XS . AR BIL ] A
B, PINEAR D5 2 e 2k 18 AT i 22 e e AR A1 1 ]
PERRZE OB . — Tl ARG s ek B R T 5
AR AP, MO B R USRI, BOKR
NS RR (FRA) BN, 280 ) ks 126 EHPIE
Ji At 1 A AV % B2 AR 2 1 (VLDL) 5 8 5 7 i, S
TG/K T . BRI AL A 290 & HDL-C /K-
TR, MMiHE R AP S —Jrm, ARG DI fE
I VR T 38 2 52 e R RS A0, o ] e
RREEAIE . N 5 22253 b A A2 8 DR 7 ] 35 S 1
Y AL AR B NHE T BE S AL, 3 o AR e AR A 43
W, T AR B AR A A, i 2
TG S FEA R 7E 40 A P Bl £k kg FE [ Pt - 2k R
Ay AL IR AR A E IR E A/ A R (R S
iy RRTE AR RN EE TR, Sk MR I A A B e
RHE7 . S5 lRIEs, 18 22 0 P I R 7 40 it A e 1
IV 20 B 2 0 W IR PR B IR - . FL LAY 2R -6 T B
AL TR -1 SR R T, XS RPEAN AT 3
UM N R EN 0 G v N g LN TR 2 Sy i i1
TR 4 B PR 1 i (CYP7AL) B FE3k, BRI AE I R A=
B, S AR [ e FLAL RE 12 kA, R
JREAH DGR Bl 2 T g e iy Ko 2K TR, RTRE
) L0 Xt 240 R 0 25075 S M B 0L, HEK IR AE

JIELSBE PR s B B, DA — 2 L st it A 1)
R SRR,

ARWFERDEH b, Ltk 60 % LI &R
G BF T 2 TR WL SR 3 ATP 55 IH 25 00 2 A XU
Z I B 5, $E AIP FE X 2 AfErp g LA
TR AR IO {EL, IR A IR A T SE AR IE S A
DXL PR A8 FH 2800 7T BETEAS 6] AR o 52 A [
B, S HAERR R R gei T2 i, $R AIP
SR Z R IEARSCHE SR AT h B — & 1 —
HE MR EE . 25 L, AR T RS A
FEARE, gt ATP AR I AE R 70 MR v 4 18 5
G, A B TA RS HER IS A S e A

A S (0 R BT T DA TN R A R A R R R
HEWT RS SRR A RIBR , ELRGY AR /v e 1R 2%
R, HHAHSE TR E R T AIP 5 RS A 2
B A S AR M IE ARG OE R, 478 VAL AT
REAEH T R —E TR AN, REZIERIRAH
Gt . AR T XL, MRS AP,
VAL KAFRE . YRR BMI L4 fa b R 3R i 2728 1 W
B FOMARAL I3 i ROC Hh 4 AH 3R il 2 AT PPk
HR BTG AVERE . TEIRRSE B, X T ATP $E3r B)
it 0.37 H VAU B9, B45 £ LR 5 WC it AT
RS o3 IR e HE R P A A Xy ATP M2 (%)
= VAL ARE, WIATE AR S ekl . Mtz
i 5 B AR i ML B2 [T T2 . i AR
TR 358 HE P40 52 R o 38 80137 (peroxisome proliferator-
activated receptor alpha, PPARa 3 f 7)) 5k 44 - 7 %5 b
P ) %% i 3 2 0 57 (sodium-glucose cotransporter 2
inhibitor, SGLT-2 il 7)) ] T R FEARACI XU ; R
JE A5 AP F VAT T, I n s il s A A 2 LA
W . AN, ATAEETHE RIS KA ST b ik 9
RIS AN S Z e, PGl I HoR, &
G 2GS, T A W 5 0 I 45 £ ik e
(2R, LASE IR v B A A A R

ZE LTk, ARRRTEEIRRY], IBSS b e
AP Fhm B o B, BARYIE SR AP i) REiH o
VAL 452 IR 25 4 K A, AHABIEGE v () rh A 28001
RRFNGH AR %, TTRE SRt . hi e
RN WO 2 R 3= AT G o AORBIEFE Al ik — 2
PRE T BACRAE R N ERR DT H6 B3 (1 CT 900 2 i 177 2
JBR 5 ZAR T B0 5 ) S 5 TE ATP 5 RS A 22 [ AR T
SRR il

[ Bt A 4]
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