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A cohort study on the association between the atherogenic index of plasma and its anthro-
pometric-derived indicators AIP-WHtR, AIP-BRI and the risk of stroke in middle-aged

and elderly populations

LI Xingze, YU Siyang

The First Hospital of China Medical University, Shenyang, Liaoning 110001, China

[ ABSTRACT] Aim To explore the association between atherogenic index of plasma (AIP) and its anthropometric-
derived indicators AIP-waist-to-height ratio ( AIP-WHtR) and AIP-body roundness index ( AIP-BRI) and the long-term
risk of stroke in middle-aged and elderly populations. Methods The study population was derived from the China
Health and Retirement Longitudinal Study. Incident stroke cases were identified through self-reported questionnaire data.
Enzyme-catalyzed colorimetric method was used to measure the levels of triglyceride (TG) and high density lipoprotein cho-
lesterol (HDLC) in the blood of participants, and AIP and its anthropometric-derived indicators ATP-WH{R and ATP-BRI
were calculated.  Cox proportional hazards regression was used to evaluate the association between cumulative and categori-
cal AIP and its anthropometric-derived indicators AIP-WHtR, AIP-BRI and stroke occurrence.  Restrictied cubic spline
was used to explore the potential nonlinear relationships between cumulative AIP and its anthropometric-derived indicators

AIP-WHtR, AIP-BRI and the risk of stroke. Results The average age of 8 454 participants was (60. 65+9.29)
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years, and during a median follow-up period of 7 years, a total of 670 participants (7.93% ) had a new onset of stroke.

After fully adjusting for confounding factors, for per 1-standard-deviation increment in AIP, the risk of stroke increased by
21% (HR=1.21,95%CI. 1.09 ~1.33, P<0.001). Similarly, higher levels of AIP-WHtR ( HR=1.40, 95% CI .
1.18 ~1.66, P<0.001) and AIP-BRI (HR=1.04, 95%CI. 1.02 ~1.06, P<0.001) were positively correlated with in-
creased risk of stroke.  Restrictive cubic spline analysis showed a positive dose-response relationship between AIP and its
anthropometric-derived indicators AIP-WHtR, AIP-BRI and the risk of stroke, with a significant nonlinear trend.  In ad-
dition, subgroup analysis further confirmed that higher AIP levels were associated with an increased risk of stroke in males
(HR=1.25,95%CI: 1.08 ~1.44, P<0.001), whereas the association was not significant in females (HR=1. 15, 95%
CI: 1.00 ~1.32, P=0.050).

anthropometric-derived indicators AIP-WHtR and AIP-BRI are positively correlated with increased risk of stroke, and these

Conclusion In the middle-aged and elderly population, higher levels of AIP and its

indicators may serve as effective risk of stroke assessment tools.
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Figure 1. Flowchart of research subject enrollment
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Table 1. Baseline basic characteristics of the enrolled population

it H Gt KM (n=7 784) 7 (n=670) P

PR/ [ B1(% ) ] B 4 560(53.94) 4201(53.97) 359(53.58) 0.879
7 3 894(46.06) 3 583(46.03) 311(46.42)

i % 60.65(9.29) 60.48(9.35) 62.63(8.29) <0.001
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2k
T H it KB F (n=7 784) Wi (n=670) P
W/ (%) ] 45 ~59 % 4106(48.57) 3 862(49.61) 244(36.42) <0.001
60 ~74 % 3 604(42.63) 3 233(41.53) 371(55.37)
=75 % 744(8.80) 689(8.85) 55(8.21)
FE/[l(%) ] i) 6 995(82.74) 6 428(82.58) 567(84.63) 0.196
N 1 459(17.26) 1 356(17.42) 103(15.37)
WIRRAL/ [ B(% )] 988(11.69) 909(11.68) 79(11.79) 0.980
= 7 466(88.31) 6 875(88.32) 591(88.21)
HEKFE/[BI(%)] IR RUT 7 617(90.10) 7 007(90.02) 610(91.04) 0.432
LS 837(9.90) 777(9.98) 60(8.96)
WA s/ [ (% ) ] = 5208(61.60) 4.809(61.78) 414(61.79) 0.316
£ 3 246(38.40) 2975(38.22) 285(42.54)
PSR/ [ B(%) ] <1 /A 656(7.76) 613(7.88) 43(6.42) 0.407
=1 %A 2 121(25.09) 1 952(25.08) 169(25.22)
MR 5677(67.15) 5219(67.05) 458(68.36)
/[ (% ) ] g 6 342(75.02) 5 958(76.54) 384(57.31) <0.001
7 2 112(24.98) 1 826(23.46) 286(42.69)
BERRI/ [ B(% ) ] w 7 017(83.00) 6 489(83.36) 528(78.81) 0.003
i 1437(17.00) 1295(16.64) 142(21.19)
DR/ [Bl(%)] & 7 481(88.49) 6 935(89.09) 546(81.49) <0.001
= 973(11.51) 849(10.91) 124(18.51)
FERRYRIT/[(B1(% )] & 7 677(90.81) 7 123(91.51) 554(82.69) <0.001
= 777(9.19) 661(8.49) 116(17.31)
B /cm 157.99(8.45) 157.98(8.44) 158.13(8.60) 0. 661
1K/ kg 59.74(10.46) 59.58(10.41) 61.63(10.91) <0.001
HEEFEL/ em 86.17(9.42) 85.93(9.35) 89.03(9.76) <0.001
BML/ (kg/m?*) 23.87(3.32) 23.81(3.30) 24.57(3.48) <0.001
e/ mmHg 127.67(115.33,142.67) 127.00(114.67,142.00) 134.00(120.58,150.08) <0.001
#3K 5/ mmHg 75.00(67.67,83.67) 75.00(67.33,83.33) 78.00(70.67,87.00)  <0.001
TG/ (mg/dL) 107.09(76.11,157.53)  106.20(74.34,156.65) 118.59(85.85,167.49) <0.001
HDLC/ ( mg/dL) 49.10(40.21,59.54) 49.10(40.21,59.54) 46.59(39.05,56.06)  <0.001
AIP 0.77(0.30,1.30) 0.76(0.28,1.29) 0.92(0.49,1.38) <0.001
AIP-WHIR 0.42(0.16,0.73) 0.41(0.15,0.72) 0.51(0.26,0.80) <0.001
AIP-BRI 3.16(1.11,5.92) 3.08(1.05,5.81) 4.14(2.01,7.20) <0.001
Fiti £ s i)/ 42 9(9,9) 9(9,9) 7(7,9) <0.001
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95% CI:1.18 ~ 1. 66, P<0.001) fl 4% ( HR = 1. 04,
95% CI:1.02 ~ 1. 06, P<0.001) , 75X T DU 433 %k
(BT K ATP-WHIR 1E 432828 3R L Q1 2
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P<0.001) .61% (HR=1.61,95% CI;1.26 ~2.05,  P<0.001)#186% (HR=1.86,95% CI:1.47 ~2. 40,
P<0.001) f169% (HR=1.69,95% CI:1.32 ~2.16,  P<0.001), ZV&%& fir 45 A6 TR 2% R 0 BR 1 4 57,
P<0.001), # AIP-BRIVEN/FRAEEIFLL Q1 NS TRER M B GG HIE, AIP | AIP-WHIR & AIP-BRI
i IR 3 fQ2.Q3 M Q4 A H5HEMMATTIR SIS Z B B E AR X R (P, <
K643 14 M 63% (HR=1.63,95% CI:1.27 ~2.08,  0.05 H P, . <0.05;32 FlK2),

P<0.001) .58% (HR=1.58,95% CI:1.24 ~2.03,

% 2. AIP AIP-WH{R 1 AIP-BRI 5B % i X BX A9 Cox EJA 47
Table 2. Cox regression analysis on the association of AIP, AIP-WHtR and AIP-BRI with stroke

Y 1 A 2 Al 3
i H
B HR(95% CI) P B HR(95% CI) P B HR(95% CI) P

AIP 0.36 1.30(1.19~1.43) <0.001 0.28 1.32(1.20~1.45) <0.001 0.19 1.21(1.09 ~1.33) <0.001
ATP-Q

Ref=Q1

Q2 0.52 1.68(1.32~2.15) <0.001 0.53 1.70(1.33~2.16) <0.001 0.48 1.61(1.26~2.06) <0.001

Q3 0.66 1.94(1.53 ~2.46) <0.001 0.67 1.96(1.55~2.49) <0.001 0.56 1.75(1.38~2.22) <0.001

Q4 0.65 1.91(1.51~2.42) <0.001 0.67 1.95(1.54~2.48) <0.001 0.47 1.61(1.26~2.05) <0.001
AIP-WHtR 0.50 1.64(1.40~1.92) <0.001 0.51 1.67(1.43~1.96) <0.001 0.33 1.40(1.18~1.66) <0.001
AIP-WHR-Q

Ref=Q1

Q2 0.54 1.72(1.35~2.19) <0.001 0.55 1.73(1.36~2.21) <0.001 0.51 1.66(1.30~2.12) <0.001

Q3 0.57 1.76(1.39~2.25) <0.001 0.58 1.79(1.40~2.28) <0.001 0.47 1.61(1.26~2.05) <0.001

Q4 0.73 2.08(1.64 ~2.63) <0.001 0.75 2.12(1.67~2.68) <0.001 0.52 1.69(1.32~2.16) <0.001
AIP-BRI 0.06 1.06(1.04~1.08) <0.001 0.06 1.06(1.04~1.08) <0.001 0.04 1.04(1.02~1.06) <0.001
AIP-BRI-Q

Ref=0Q1

Q2 0.50 1.65(1.29~2.12) <0.001 0.51 1.67(1.31~2.14) <0.001 0.49 1.63(1.27~2.08) <0.001

Q3 0.54 1.72(1.34~2.19) <0.001 0.55 1.74(1.36~2.22) <0.001 0.46 1.58(1.24~2.03) <0.001

Q4 0.85 2.33(1.85~2.95) <0.001 0.86 2.37(1.88~3.00) <0.001 0.63 1.86(1.47~2.40) <0.001
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Figure 2. Restricted cubic spline curves for associations of AIP, AIP-WHtR and AIP-BRI with the risk of stroke
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A U T 25 25% (HR=1.25,95% CI:1.08 ~ 1. 44,
P<0.01) ;76 AIP W28/ Q2 .Q3.Q4 2 5
B RS Q1 41AH Fb ¥4 & 1 & (P<0.01) ,
AIP 54 & 1 IR L S 548 TP R AR
SE AP BRI 1 ANBRIEZE  LobE Rl A< rp & Az XU T
%5 15% (HR=1.15,95%CI:1.00 ~1.32;P=0.05) ,
HEESLSEITFEL, RS 5E T, AIP-
WHR B30 1 AN A5 o 22, il A< vp & A= KBS T
51% (HR=1.51,95% CI:1.17 ~1.95,P<0.05) ; 1
LS 5%, AIP-WHR B30 1 AMRiELE e
& 2 XU T 5 28% (HR =1.28,95% CI:1.02 ~
1.62,P<0.05) . 7E AIP-WHtR B3 2K725 50 Hrth
Q2.Q3.Q4 S H5H MM A & W5 Q1 4L AH

FEB R (P<0.01) , TEBMES 530, AIP-
BRI BRHGIN 1 A5k 22, i 4 o & A KUK T i 5%
(HR=1.05,95%CI:1.02 ~1.08,P<0.001) ; 7£ &
Z 5% AIP-BRI B350 1 AhrifE2E A rh & 4B
KB T8 3% (HR=1.03,95% CI:1.00 ~1.05, P<
0.05) . 7E AIP-BRI W53 2K8 5 7rHrrh, Q2 .Q3 .04
HZ5F MMGA R XS 5 Q1 2 AH L34 ik 25 4
F(P<0.01; 8 3), ¥ AIP AIP-WHiR Al AIP-BRI
53 )55 PR A A8 B T R AT A EL A B, 25 R R
BIRAFESS HAR T, Horfr ATP o £ ATP-WHIR *
PE AIP-BRI * PE 51 (1) 22 B30 P HAK UK K 0. 318
0.260 fi10. 187,
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Figure 3. Subgroup analysis of participants of different genders
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Table 3. Sensitivity analysis on the association of AIP,
AIP WHtR and AIP-BRI with stroke

miH B HR(95% CI) P
AIP 0.17 1.19(1.08 ~1.32) <0.001
AIP-Q Ref=Q1

02 0.47 1.60(1.25~2.04) <0.001

Q3 0.55 1.74(1.37 ~2.21) <0.001
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AIP-WHIR-Q Ref=0Q1
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AIP-BRI-Q  Ref=Q1

02 0.49 1.62(1.27 ~2.08) <0.001

Q3 0.44 1.56(1.21 ~2.00) <0.001

04 0.61 1.85(1.44 ~2.36) <0.001

AR T AR O WS IR D B KT R R
PRI S MR TR AT IR U R O ISR B MR IR YT

KT IE R Y] SO F i — 2P Bk

TEBRAEAZT o, ATP 500 i 1 5 95 8 XU 1) 5%
WO AZRN 2 RE, 25—k AIP 5
AR B IE AR OE ARG AE R S 2 — 5,
i, [ P FFER BN 5T & B, B ALP 2 55 B[] f
St i P 2 e XU B AR B SR R, ATP | AIP-WHER
Je ATP-BRI 435 2R FH % SR AR 1 5 0 AR il A 741
BT, 349 7 RSP a7 7R 0 g 2w g XU s
BB GEA R He T AR PRSI R A AR S
fER N2 AT BR A Lk R EAh, iR it — 4
TR IR WA S RO sk R A Ty o A £ F
TRTEIR 2R 25, il 10F 5 405 S W R el ] 5 A O o
i S e ATP 55 1 A v 2 g IRUISS: 7 B0 S DG BK A TR
W17 ATP 7E il A< v 2 9o XU PP o 0 8 2240 (B

WFRERI, AIP A5 RS AR &) A G 38
53 I A AL i 2088 1 & BMI A7 18 3
I, $ o H 5 1l B S R IR e 24 3 DI AR O, TRAT
W sE AT O AR AL B S G A b Z [ A R G R
I A B A LRI R B, ATP FHE B TG K F
ThE HDLC /KRG . TG T &l s & TG R &
% X RAe & A 7R 2 b b 2 WL/ 25 1
R AR ) WOk /N 2 B g, 5 50 A

PN B2 0k 15 I 200 o 8 B, T2 i 6 R 00 L, 2 1 A2
kIR AL BEB T B 5 K e Rk, ATP T
1o T R WA i B I S, £ Yl 2 N B Jok ok A
A & XU, B 2 e B A v B R iR 32, ALP-
WHtR H7 i) WHR & PEAl O PR IS JHE B B S48 bR,
A S WL G 0 M R ) r e M B e A
SRR R B, MR ER G 2 I A v 1) 2 AE
BRI E, 24 AIP 5 WHR BMI BA 43 HrE, Hon 4
NE S 242 feff g iy 20 253 Wb K 1 B s 1R -, o 3%
BREXZEAES) ) Horp 8 KO T 2 G A8 e 42
R0, FEUME LT[R0 6 R 2R AU, 5 &
MR, 2 — 2 R Z AL MR R B B
2R UKok R A A O A VR T A rb o PRI JHE
EIE 2 K 1 38 B AIG, X i 45 A 8 7 R0 Bl =2
w0

AT HA LLUF LA AR S, X
XF R E AR ANBEFF SR  OCT AP S A A
AT R AR AR S A OC R B R FEA A, KA
AT T WL AT A AT S 5 LUk, ATP H 5 ARG
W) TG 1 HDLC TH5545 i, BREE S 1 100 i 5L o3 1
AR —20tE, UM fb T e T 3 5 b i
SR, AT IRAE AR A TR R 56— I R R AE
T A rh 45 Jey A BRI 5T 0 S H IR AR 5 0 R A
WS R, 5= CT MRI S 2 QIR L, X
AMLAT RS | R H A e (AR IZ B2 ) | T OCHE Y
DT v R i 114 R e 11§ L S e 4 o e (A
RGHMILE DA R E2ES, HiL, AR
TR AIP S5 05 5 ) S M A rp > =R 0 G HK
AR ki 2 v I T8 ) e R ) 5 3 M 4 A7 B BR
filo 55 =, T IiAs th 45 Jay 728 (G i) B — ] A ()
AR B AR 12 W 45 SRR X, 3K — S0z R A%
T R A 25 S R R R M S i A A, § 8
ST TCIENE A0 3 AT ATP 545 2 o A< v W7 A8 174 S B5G
i — 25 BRI T 45 RS PR, 5 = ERR R TR
RE W ARG L5 S IR AR R
SE0U, AR R DURESS A TT S AR R G 25 W B I X
I JIE FIG A Hh A7 A 8 3 R T 1) 245 00 T s AR TR 4 A0
N o 5 ARG AOR F L L B BRI B B AP 2
FONAI AT AR FE bR, TG 1 i X 6 45 s i s [1]
PSSR AL, PRI OG0 20 285 W A1 i Ay 4
e 10 L AR A I Y — IR, 2 b E
fif REASBIF I 45 SR 75 DR R

B ARG 4 R AIP  AIP-WHtR & AIP-
BRI /K5 i 45 v 2 i IXURS: A7 A 35 ORIk, 4 7m iX
IR AR I AT AR S U0 A g AU B AR A



458

ISSN 1007-3949 Chin J Arterioscler, Vol. 34 ,No. 5,2026

B, HOKE T8 5 I A i KU 35 e O, X ek
PRI, RO 7E D) B 00 A A rp |, L300 9T R B ot
ARG A X g A v () Tt A R L, ROk
il ik £ o Bl AL B B8 56 E DL ATP | ATP-
WHtR J% AIP-BRI A5 %)~ T4 it 5 15 7 i 7 v
ARSI A A RO, B 2R ik A v S S
il R m AR

[ &% 3Ck]

[1] KOGAN E V, SCIRIA C T, LIU C F, et al. Early stroke
and mortality after percutaneous left atrial appendage occlu-
sion in patients with atrial fibrillation[ J]. Stroke, 2023,
54(4): 947-954.

[2] E%E, 272, AWk, & hREAPRE 2020

SCHR) (1) [1]. PEAE TR, 2022, 17(5) : 433-47.

WANG Y J, LI Z X, GU H Q, et al. China stroke report

2020 ( Chinese Edition) (1) [J]. Chin J Stroke, 2022,

17(5) . 433-447.

JIANG L, ZHU T, SONG W, et al. Assessment of six in-

—
[O¥]
[

sulin resistance surrogate indexes for predicting stroke inci-
dence in Chinese middle-aged and elderly populations with
abnormal glucose metabolism: a nationwide prospective co-
hort study[ J]. Cardiovasc Diabetol, 2025, 24(1) : 56.

WADSTROM B N, WULFF A B, PEDERSEN K M, et al.

Elevated remnant cholesterol increases the risk of peripheral

—
~
i

artery disease, myocardial infarction, and ischaemic stroke:
a cohort-based study [ J]. Eur Heart J, 2022, 43 (34).
3258-3269.
[5] YIN B, WU Z, XIA Y, et al. Non-linear association of
atherogenic index of plasma with insulin resistance and type
2 diabetes; a cross-sectional study[J]. Cardiovasc Diabetol,
2023, 22(1) . 157.
ZHENG G, JIN J, WANG F, et al. Association between

atherogenic index of plasma and future risk of cardiovascular

—
@)}
s

disease in individuals with cardiovascular-kidney-metabolic
syndrome stages 0-3: a nationwide prospective cohort study
[J]. Cardiovasc Diabetol, 2025, 24(1) . 22.

WEI B, ZHOU L, SHU B L, et al. Association of diabetic

retinopathy with plasma atherosclerotic index, visceral obe-

—
~
[

sity index, and lipid accumulation products: NHANES
2005-2008[ J]. Lipids Health Dis, 2024, 23(1) . 331.
[8] ZHAO Y, HU Y, SMITH J P, et al. Cohort profile; the
China Health and Retirement Longitudinal Study (CHARLS)
[J]. Int J Epidemiol, 2014, 43(1) ; 61-68.
PEIKERT A, VADUGANATHAN M, CLAGGETT B L, et

al. Near-universal prevalence of central adiposity in heart

—
=]
[

failure with preserved ejection fraction; the PARAGON-HF
trial[J]. Eur Heart J, 2025, 46(25) . 2372-2390.

[10] WANG B, LI L, TANG Y, et al. Joint association of tri-
glyceride glucose index (TyG) and body roundness index
(BRI) with stroke incidence: a national cohort study[ J].
Cardiovasc Diabetol, 2025, 24(1) ; 164.

[11] WANG X, WEN P, LIAO Y, et al. Association of
atherogenic index of plasma and its modified indices with
stroke risk in individuals with cardiovascular-kidney-meta-
bolic syndrome stages 0-3: a longitudinal analysis based on
CHARILS[J]. Cardiovasc Diabetol, 2025, 24(1) : 254.

[12] ZHANG N, XIE G, JIAN G, et al. Association of cumu-
lative changes in atherogenic index of plasma and its obe-
sity-related derivatives with cardiovascular disease; em-
phasis on incremental risk of diabetes status[J]. Cardio-
vasc Diabetol, 2025, 24(1) : 435.

[13] ZHENG H, WU K, WU W, et al. Relationship bhetween
the cumulative exposure to atherogenic index of plasma
and ischemic stroke; a retrospective cohort study [ J ].
Cardiovasc Diabetol, 2023, 22(1) . 313.

[14] GOLDSTEIN L B. Weighing the effect of overweight/
obesity on stroke risk[ J]. Stroke, 2024, 55(7) : 1866-1868.

[15] BALLING M, AFZAL S, DAVEY SMITH G, et al. Ele-
vated LDL triglycerides and atherosclerotic risk[ J]. J Am
Coll Cardiol, 2023, 81(2) : 136-152.

[16] GLAVINOVIC T, THANASSOULIS G, DE GRAAF J, et
al. Physiological bases for the superiority of apolipoprotein
B over low-density lipoprotein cholesterol and non-high-
density lipoprotein cholesterol as a marker of cardiovascular
risk[J]. J Am Heart Assoc, 2022, 11(20) . e025858.

[17] ASHWELL M, GUNN P, GIBSON S. Waist-to-height
ratio is a better screening tool than waist circumference
and BMI for adult cardiometabolic risk factors: systematic
review and meta-analysis[ J]. Obes Rev, 2012, 13(3) .
275-286.

[18] YU M, JU M, FANG P, et al. Emerging central and pe-
ripheral actions of spexin in feeding behavior, leptin re-
sistance and obesity [ J ]. Biochem Pharmacol, 2022,
202 115121.

[19] PEREIRA S, CLINE D L, GLAVAS M M, et al. Tissue-
specific effects of leptin on glucose and lipid metabolism
[J]. Endocr Rev, 2021, 42(1): 1-28.

[20] GIANOPOULOS I, MANTZOROS C S, DASKALOPOU-
LOU S S. Adiponectin and adiponectin receptors in athero-
sclerosis[ J]. Endocr Rev, 2025, 46(1): 1-25.

(ME3CHidE SCEM



