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[Abstract] Objective To investigate whether the potential association between lymphocyte-to-high-density lipoprotein
cholesterol ratio (LHR) and the prevalence of gallstones (GSD). Methods The data were derived from the National Health and
Nutrition Examination Survey (NHANES) database conducted between 2017 and 2020. Participants were divided into the GSD
group (n=848) and the non-GSD group (n=7046) based on the presence or absence of GSD. The LHR was used as the exposure
variable and categorized into quartiles (Q,-Q,) to evaluate its association with GSD. Multivariate logistic regression models were
employed to analyze the relationship between LHR and the risk of GSD. Additionally, subgroup analyses and interaction tests were
performed, and restricted cubic spline analysis was used to assess the nonlinear relationship. Results A total of 7894 participants
were enrolled in this study, with a prevalence of GSD of 10.74% and a median LHR of 1.57(1.13, 2.14). Multivariate logistic regression
analysis revealed a significant positive association between elevated LHR and the risk of GSD [fully adjusted model: odds ratio (OR)=
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1.20, 95%CI 1.07-1.3S, P=0.002]. Compared with the lowest quartile (Q,), the risk of GSD was increased by 66% in the third quartile
(Q,) (OR=1.66, 95%CI 1.30-2.10, P<0.001) and by 46% in the fourth quartile (Q,) (OR=1.46,95%CI 1.13-1.87, P=0.003). Subgroup
analyses demonstrated that this association remained consistent across all subgroups, and significant interactions were observed

between gender, smoking status, and LHR (P, <0.0S). Additionally, the findings were validated using a dataset of 255

nteraction

participants from our hospital. Restricted cubic spline (RCS) analysis and threshold effect analysis suggested a nonlinear association

between LHR and GSD (P, j;,c.;=0.022). Conclusions LHR is positively correlated with an increased risk of GSD. This suggests
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that LHR may serve as a convenient and cost-effective clinical indicator for assessing the prevalence of GSD.Further prospective

studies are needed to verify the core findings of this study.
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1.1 BoRIEMAFGT AR NHANES 2—I HAT 4
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S 5%, UairER SR, 25
Hw e R AW A, JFERS ShiAAS thuO sz A A
KRG A Ko Se G SR . ASHFSE 7 AR R DS
H (NCHS) & B 1 4% 2 B3 23 4IL 1 (Protocol#2018-
01), IraS5HHEEBmAERES . RUFEHM
A 2017 —2020 4F- NHANES 4 )% Fh 1) 15 560 4 2 5
Ho MARRME: (D)4FERR=20%; ()24t GSD. LHR
G R, Q)G AERE . BURRA . W
JRPR DL . ARIEIRGL . BHRTE ShIE N . 1SR SR
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1.2 FEATORHEE  WEES SE MR . M.
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Ol WIS O . R BE WA BT IR HE (poverty income
ratio, PIR). BHRIGNIEOL . m ML . A IR A iR
GSD 1 A48T
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1.3.2 R E FEEAENLHR, LHRISIHKELH
H 3 %% (x1000/l) 5 HDL-C 7K “F- (mmol/L) i H AH o
K FHl DxH 800 43 M (32 [H U 5 & PE/R P A RN X & 5
F MR AREAR AT 0T,  DABRER 4 1l 20 B -5t
I8 LHR BRSSO T log, 740 LA /2 1F
BIEESR, AT HUES log, LHR $# VU 43 5053 g 44>
H(Q—Q4l).
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RIPIR G S BTG B GO0 ; B 3 ZERIAR 2 FLqy [k
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B WCHRARSL . BARTE SO . I SO R A
AREMZE, BT LHR 5 GSD &A= KUK (1956 2 16 AR
N 225, it 28 B IR s BAE
1.5.4  AELMEXR AL ST SRR M=
K FE 2% (restricted cubic spline, RCS)FELAY, PEA log,
LHR 5 GSD EAERE Z AR LM R, IFiE—2
T o PR B2 M [l AR AR A A

1.6 Ziitsab# SR A K4 A R(http://www. R-
project.org, RE4:43) M Free Statistics 1 1.3 iR 4T
Gt A IESAAPIT R e R, 4
) LR FH R R Ry 225081, i — 20 P LL R
LSD-t Ki % s AFF A IES 00 i & 758 L M(Q,,
Q) R, Al FLHR H Kruskal-Wallis H A5G35 . 7398
A A TR 2RSS . B P<0.0S Sk 25 55 G it #

Z =R

2.1 BEASFIE 15560 B MRS S5 E T, HEBRAF R
<20 % ¥ 632844, L LHRIEEH 131944, Kfeft
GSDWIEEE 194, MANA7894% ., RS
H T A GSD 4 M GSD 4 (n=848) 5 4F GSD 4
(n=7046), % 1JE/R TR GSD Bk dln 25
TR, 7894 242 5HFW (51.0£17.5) %, H
b 5B 1k 3824 44 (48.4%); GSD Hi G 3K H 10.7%(848/
7894). S5IE GSDALH#E, GSDA4ERREK, CHSA
BRI R e s, Hotk . WO L ORI
B LAV R R L N IR 5 (P<0.05) o SR, A
HAEME . PIR, MEANMEITEC. HDL-C/KF2 5
TGt L (P>0.05) . LA, GSD 4 & IfiLH At R
9 FUR SR 44 5 T4k GSD 41 (P<0.001) . GSD 4 LHR 5
FAEGSDA, H2ERTEGI2F L (P=0.140) (% 1),

¥ S5 F Hi log, LHR WUAM B5r M4 4. Q 4l
(n=1966). Q, #l (n=1970). Q, 4 (n=1973). Q, A
(n=1985). N2 Fron, do i o 50 (Q,) 4l B
. BEEEEA, MBEEES . BRE R
BH . CIEHE . B E XN RN
(P<0.05); ILAh, ZAZS SE MO AIMTHECE S, i
HDL-C /KW i G (P<0.01) . SARIUS %8 (Q,)
AL, FPUDRE(Q~Q)H S 5 E IR R
B, PIRFEA(P<0.01), QA4S 5# 1 GSD %
T (11.8%) .
2.2 LHR 5 GSD KA Z A R BE A8 &
logistic M Hr &5 S WER 3 R . 56, % LHRAE
F VS EETAL 5 GSD A XU 1Y 61, FEREIE
FIrA A B S, log, ¥4 J5 ) LHR (log, LHR) &
Fh i LA A, GSD & A= IXURS: 34 i 20%(OR=1.20,
95%CI 1.07~1.35, P=0.002). Ailk— 4 8 iFEmf 75 45 51
FIFREEPE , Hf log, LHR 3% PU 437 B4 AU AT 4347 o
FESE A THAERIR (R 3)rh 5 R /i 5k (Q,) 4
AL, e A E(Q,) 4l Z 5+ 1Y GSD & A= IAUK:
Tt & 0.46 1% (OR=1.46, 95%CI 1.13~1.87, P=0.003);
FF, Q4125 &M GSD & & KUK Tt = 0.66 i
(OR=1.66, 95%CI1.30~2.10, P<0.001),
2.3 AT EAERRE A B L
N X} LHR 5 GSD SCER W 520, 7[R 4L 4743
B, @RMEAPUR, LR T,
log, LHR F} 5 55 GSD i R BH i #H 3¢ (P<0.05) 5 1T 7E
BAEFWARN L rp, 2B TS24 3 L (P>0.05) -
AEHY . PR . BHRTESIIEAC . I OB PR A
A% X LHR 5 GSD 1 515 T W S A4 /5 (P ey
>0.05)
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Tab.1 Comparison of baseline characteristics between two groups of participants

=] A (n=7894) I GSD # (n=7046) GSD 21 (n=848) P
PEHI[H1)(%) ] <0.001
B 3824(48.4) 3580(50.8) 244(28.8)
& 4070(51.6) 3466(49.2) 604(71.2)
WS (% xts) 51.0+17.5 50.1+17.5 58.4+15.8 <0.001
AR (451 (%) ] <0.001
P AEREA 952(12.1) 838(11.9) 114(13.4)
HAPEHEA 831(10.5) 735(10.4) 96(11.3)
JEPETE AN 2779(35.2) 2415(34.3) 364(42.9)
E|FiIF RN 2007(25.4) 1844(26.2) 163(19.2)
BER{ivEDS 1325(16.8) 1214(17.2) 111(13.1)
PRI 151 (%)] <0.001
P 3445(46.4) 3166(47.8) 279(35.4)
4 3974(53.6) 3465(52.3) 509(64.6)
BT (%)] 0.836
(SN 1476(18.7) 1320(18.8) 156(18.4)
e 1897(24.1) 1686(24.0) 211(24.9)
LR 4510(57.2) 4029(57.3) 481(56.7)
WS WAAR L [ (%)] <0.001
A 4589(58.2) 4085(58.0) 504(59.4)
Tl /B 5 1782(22.6) 1539(21.9) 243(28.7)
AL 1515(19.2) 1414(20.1) 101(11.9)
PIR[f51)(%)] 0.055
<13 1906(27.9) 1708(28.1) 198(26.7)
1.3~3.5 2691(39.5) 2368(39.0) 323(43.5)
>3.5 2224(32.6) 2002(33.0) 222(29.9)
BHATEZARDL[51](%)] <0.001
R 2625(33.3) 2416(34.3) 209(24.7)
EyE 5262(66.7) 4623(65.7) 639(75.4)
WARAR L (451 (96)] 0.011
= 3307(41.9) 2918(41.4) 389(46.0)
g 4583(58.1) 4126(58.6) 457(54.0)
BHIRIAE [151(%)] 1220(15.5) 998(14.2) 222(26.2) <0.001
IR [1(%) ] 3040(38.6) 2575(36.6) 465(54.9) <0.001
IR L 20 3 4 [} 1000/ wL,M(Q,,Q,) ] 2.10(1.70, 2.60) 2.10(1.70, 2.60) 2.10(1.70, 2.70) 0.183
HDL-C[mmol/L,M(Q,,Q,)] 1.32(1.09, 1.60) 1.32(1.09, 1.60) 1.29(1.09, 1.55) 0.295
LHR[M(Q,,Q,)] 1.57(1.13,2.14) 1.57(1.13,2.14) 1.62(1.19,2.14) 0.140

GSD. %5475 PIR FIEEWAF IR LL; HDL-C. =% IR A IR A, LHR. LA/ %% B R 2 1 E e LA

2.4 LHR 5 GSD & KU 5¢ & AR LM 4B S 4 55
IIHT TR ZE A PR R (A 3) rh ) R BV S
RCS AT 45 R AN 1 7R . Log, LHR 5 GSD &
Az RS Z A AR AR RS R (P oy =0.022) o BT
K P BT B P [ A RS R PR S (B 000, 235 R o
log, LHR A 453 58 0927, 24 log, LHR X 1% [ {5 i}
(<0.927), W% log, LHR Iy, GSD & Az XU B i 3
J(OR=1.569, 95%CI 1.223~2.012, P<0.001); #HJZ,

4 log, LHR i1 B{E T (>0.927), KWELH] GSD %
A XU ) B 2% 4K (OR=0.743, 95%CI 0.424~1.304,
P=0.301).

2.5 LHR 5 GSD & AE KU =22 [H] 14 G 10 1 45 SR 0 ik
IZHR 4T K 255 24 T #R B B R 24 B b st s BH B2
BEr B 5, 248 & logistic 171 43 A7 45 SR AN B % 1
Fim. B5E, B LHRAE N ELAE mITA S GSD &
AR I CEE, S5 R, LHR 5 GSD A& A KUK &
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Tab.2 Characteristics of the subjects in the NHANES 2017 — 2020 study based on LHR

WiH Q,H(n=1966) Q,#(n=1970) Q,#H (n=1973) Q,#H (n=1985) P
PEHI[H1)(%) ] <0.001
% 809(41.2) 894(45.4) 1012(51.3) 1109(55.9)
I 1157(58.9) 1076(54.6) 961(48.7) 876(44.1)
SRR (B, wts) 56.2+17.7 51.3+17.6 49.2+17.0 47.3+16.3 <0.001
Flvige (191 (%)] <0.001
LPTEESEEA 144(7.3) 240(12.2) 253(12.8) 315(15.9)
HALPGHE A % 159(8.1) 202(10.3) 228(11.6) 242(12.2)
JEPETE AN 811(41.3) 677(34.4) 669(33.9) 622(31.3)
Bl RN 556(28.3) 512(26.0) 470(23.8) 469(23.6)
HAb A 296(15.1) 339(17.2) 353(17.9) 337(17.0)
PRI (%) ] <0.001
P 930(50.5) 894(48.2) 853(46.2) 768(40.9)
i 910(49.5) 959(51.8) 995(53.8) 1110(59.1)
HEFEEE[H(%)] <0.001
[SRYEN 299(15.2) 339(17.2) 393(19.9) 445(22.4)
ST 439(22.4) 466(23.7) 473(24.0) 519(26.2)
LR 1225(62.4) 1161(59.1) 1105(56.1) 1019(51.4)
WS WAARE (41 (%)] <0.001
A 1071(54.6) 1150(58.4) 1169(59.3) 1199(60.5)
A/ B 5 546(27.8) 451(22.9) 407(20.6) 378(19.1)
ARG 345(17.6) 369(18.7) 396(20.1) 405(20.4)
PIR[f(%)] <0.001
<13 405(23.6) 448(26.5) 501(29.5) 552(32.2)
1.3~3.5 680(39.7) 662(39.1) 656(38.6) 693(40.4)
>3.5 630(36.7) 581(34.4) 542(31.9) 471(27.4)
BTG BRI [51](%)] <0.001
e 1282(65.2) 1274(64.7) 1308(66.3) 1398(70.6)
ZiyiEs 683(34.8) 695(35.3) 664(33.7) 583(29.4)
KRR [ (%) <0.001
P 785(39.9) 777(39.5) 801(40.6) 944(47.6)
g 1180(60.1) 1192(60.5) 1171(59.4) 1040(52.4)
HEVRIE [151(%)] 234(11.9) 290(14.7) 300(15.2) 396(20.0) <0.001
IR [1(%) ] 800(40.7) 719(36.5) 739(37.6) 782(39.5) 0.033
GSD[#1(%)] 183(9.3) 218(11.1) 232(11.8) 215(10.8) 0.087
kLA 4L [ x 1000/ p1,M(Q,,Q,)] 1.50(1.20, 1.70) 1.90(1.70,2.20) 2.30(2.00, 2.60) 2.80(2.50, 3.30) <0.001
HDL-C[mmol/L,M(Q,,Q;,)] 1.71(1.47,2.02) 1.42(1.24,1.63) 1.24(1.09, 1.40) 1.03(0.91, 1.19) <0.001

NHANES. 3 [# FE K@ 55 5704 ; GSD. &5 A PIR FKEEWA I L ; HDL-C. B R (I IR LHR. Ik A0/ 5% B

HEIE R L

IEAHSE(P<0.05) o SR 55 log, LHR 4 PU 437 K434 itk
17000 . TERRIBEAR g 5 AIR PU 4 4 (Q,) 41 AH
I, Q4% 5% K GSD & A KUK W 2 T+ (P<0.05)
M Q5 QAKILBN G225, HEAIge S AR
AR TR 1 —3 1, Py I35 B B EPE
2 57(P<0.05),

3 1 i

AHFFE LT 2017 —2020 4F 55 [E NHANES 509 %
17894 £ 2 5% , %+ T LHR 5 GSD 2 [A] (e
k. 7€ 7894 £ WFFE X 4 rft, GSD B %K 10.7%,
PE7~ GSD 1 [ A AHE T Ry i LI A

EAMFIEIESS, SRE KN MG B = aL I 7E
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Tab.3 Association between the LHR and gallstones
- JE AR AL A2 B3

AF i GSD[f(%)]

OR(95%CI) P OR(95%CI) P OR(95%CI) P OR(95%CI) P
Log, LHR(JEZLAE &) 848(10.7)  1.08(0.98~1.19) 0.131 1.34(1.21~1.48) <0.001 1.26(1.12~1.41) <0.001 1.20(1.07~1.35)  0.002
Log, LHR(PU/3-ir%%)
Q, 4 (n=1966) 183(9.3) Ref Ref Ref Ref
Q,#H (n=1970) 218(11.1)  1.21(0.99~1.49) 0.069 1.50(1.21~1.86) <0.001 1.43(1.13~1.81) 0.003 1.37(1.08~1.74)  0.01
Q4 (n=1973) 232(11.8)  1.30(1.06~1.59) 0.012 1.83(1.48~2.27) <0.001 1.76(1.39~2.24) <0.001 1.66(1.30~2.10) <0.001
Q4 (n=1985) 215(10.8)  1.18(0.96~1.46) 0.112 1.87(1.50~2.33) <0.001 1.62(1.26~2.07) <0.001 1.46(1.13~1.87)  0.003
P psinion 1.06(0.99~1.13)  0.093 1.23(1.15~1.31) <0.001 1.18(1.09~1.27) <0.001 1.14(1.05~1.23)  0.001

DRIABIAL . KXV P TROE s B 1. BOEARNS . PEAIRIANI; BA 2. FERIRL 2 JLRE X PIR . OB | WSWRIRIL . R
B TRRE S S ARG S G DL TR IE 5 LAY 3. RN 2 Bl XA I FE (5 U FBE R ) A TS IE o LHR. WKL 20/ 2% S 2 (AR
[EBE (R ; GSD. B&E A7 ; OR M#ll; 95%CL 95% EiF X [H]; PIR. ZEEWAFLIA L
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