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Abstract

Key words

Background and Aims: Abdominal aortic aneurysm (AAA) is a life-threatening vascular disease
closely associated with chronic inflammation and insulin resistance (IR). The C-reactive protein-
triglyceride-glucose index (CTI), a novel composite biomarker integrating inflammatory and metabolic
status, has shown prognostic value in cardiovascular diseases. However, its association with AAA risk
remains unclear. This study aimed to investigate the relationship between CTI and incident AAA using
data from the UK Biobank.

Methods: A total of 315 003 participants free of aneurysmal disease at baseline with available CTI data
were included from the UK Biobank cohort. Incident AAA was defined as the primary outcome. Kaplan-
Meier analysis was used to estimate the cumulative incidence of AAA across CTI levels, while
multivariable regression models and restricted cubic spline (RCS) analysis were employed to evaluate
the association between CTI and incident AAA risk and to assess the dose-response relationship.
Subgroup and sensitivity analyses were conducted to assess the robustness of the findings.

Results: During a median follow-up of 16.37 years, 1 343 participants developed AAA. Kaplan-Meier
curves demonstrated a progressive increase in cumulative AAA incidence across CTI quartiles. In the
fully adjusted model, each standard deviation increase in CTI was associated with a 39% higher risk of
AAA (HR=1.39, 95% CI=1.30-1.48). Compared with the lowest CTI quartile, participants in the
highest quartile had a significantly elevated risk of AAA (HR=2.15, 95% CI=1.73-2.66; P,.,,<0.001).
RCS analysis revealed a significant nonlinear association between CTI and AAA risk (P, jiea=0-008).
The association was more pronounced among current or former smokers, participants with
HbA1c<48 mmol/mol, and those without hypertension, diabetes, coronary heart disease, or lipid-

lowering medication use (all P, <0.05). Sensitivity analyses yielded consistent results.

interaction
Conclusion: Elevated CTI was independently associated with an increased risk of incident AAA in a
dose-dependent manner. CTI may serve as a readily available biomarker for early risk identification and
risk stratification of AAA.

Aortic Aneurysm, Abdominal; Insulin Resistance; Inflammation; UK Biobank
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J5 8 k9% (abdominal aortic aneurysm, AAA)
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SEREA T B ARG R, R ETE TR
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1 ABERFE

1.1 R

UK Biobank il i 1 01 K %4 1{ij & 4 BA 51) fF 5521
T 2006—2010 4F 7£ 5= [H 22 FWF 75 o 5 T
S0 AP REN, EHRETWETSE5EN
Lo N DRARAE | RS R A 25 R . BEAR L A
PIREA L K AR 2 50 . B 3R BCR 2 #0007 X,
A 55 B AN R B BE ) A LT TR LI R e
BT DL E RS R A . BFOE B R PRI 2
WF 55 16 B 2% B 2t e (HIEHES . 21/NW/0157), B
HZH5EHESET WA RZE . AU 5
I B g 5 R 84443, B Ui A AL Chitp:/fwww.
ukbiobank.ac.uk ) o
1.2 WHRAE

ABFFEA AT K H UK Biobank [ 501 936 44 2
5¥, HEBR T RLR 2 W E SR AR (n=
381), CRP. Hil=Fg (iriglyceride, TG) . H%jHHE
BBENBEZOBRFERANE (=74 047) K H
by B AR 5 O R AR (n=112 505), A SEAT
315003 4 5FEM A (bl 1) . #hmd 1
G T AHOCEE R 2 W TR s, kb gk 251
T PR 1 6 0 Y UK Biobank 7B .

1.3 CTI¥fE

FERLL R, P A 2 5 3 3% UK Biobank )
P 1 U R A A0 R DK I RE . REAS SR AR L a5
FRAE N DUGE B B AR RS 0 o 52 0 2 {5 R4 A
RO ASIC k. B 3 ALES 1 5E W1 R Rl A
T it Bz A B 4 AT R ME o R T A A 4 R
[E i (total cholesterol, TC) . TG &% B 5 & (1 H
[ (high-density lipoprotein cholesterol, HDL-C) .
ik % & g & 1 JH B (low-density lipoprotein
LDL-C) . Ifi ¥% . 4% fk il 40 & A
(glycosylated hemoglobin, HbAlc) R Ak 5015 /N BR 3%
% (estimated glomerular filtration rate, eGFR) .

CTr % 2 X 3 J/U™. CTI= 0412 X

In(TG[ mg/dL] X FPG[mg/dL])
2 e}
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In(CRP[mg/L]) +
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version 9, 1CD-9) Al (=) #5 10k (ICD-10) % £
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DO S RPN RSB ) /A~ B I U B NG
4 B (Office of Population Censuses and Surveys
Classification of Interventions and Procedures, version 4,
OPCS-4) ByiC 5% o LT 5 1 B st 3l i 5 )
e [ [ 5 B JT I 55 A& & (National Health Service,
NHS) fi 8l G a2 2 MR £) LK NHS
Nt R G (G 2) RS, TAZS 58 A AA
HIEEITHED, HREEAAA LR . JET-. R
2202349 H 1 H A A fc 7k Az b a] o ok
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MR PR AE STk, AW 508 — &R 50 e IR At
P (ERY) G L NG R N ) P s 3 o
AR EAER (%) MW (i) FiE (ER A/
JEFFAN) . B FRRZF4E £ (Townsend deprivation
index, TDI) . WEARAR L (4 A WA . B 75 I A
AW ) R AR B (g Jo S Y =3 W/
R E<3 ) . AR TR (/A . EFK
B R/, B H R . KB 55 %0 (body
mass index, BMI) . U 4i & (systolic blood pressure,
SBP) . %7 5k & (diastolic blood pressure, DBP) .
eGFR . HbAlc LK LDL-C {8 Jfj UK Biobank fili 45
A FERDFwR . B AR & NS W iC sk BEAT IEAR
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B Z X [8] (confidence interval, CI) F/~. I
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R, TENAS5EE T 07, CTA & 40 1)
S5 EHEVPHFERER, BHEAIE G, SAERM
JEEHE R b A — 3, A LB 2 95% . 4+t
SRR bR TR, TDIJE& A 22 A K, H
Q4 M = SFHAF L LML T QL4 . th4h, CTI
1R RO L, R AR R L g )
BAL, @RREITSEERNEBESE . EIRIKS
RGHHE bR, BEE CTI K BT+, BMI, SBP,
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Table 1 Baseline characteristics of participants according to CTI quartiles
HIE JMAR(r=315 003) CTI Q1(n=78 752) CTI Q2(n=78 751) CTI Q3(n=78 751) CTI Q4(n=78 749)
AEIB1% ,M(IQR)] 56.94(49.49~62.76) 53.44(46.90~60.61) 57.23(49.84~62.92) 58.30(50.89~63.47) 58.46(51.27~63.51)
TR (%)] 144 834(46.0) 26935(34.2) 35 187(44.7) 39977(50.8) 42735(54.3)
A (%)] 300 723(95.5) 74 835(95.0) 75245(95.5) 75 356(95.7) 75 287(95.6)
TDI [M(IQR)] -2.37(-3.77~0.02) -2.38(-3.80~-0.02)  -2.47(-3.83~-0.18)  -2.40(-3.78~-0.07)  -2.21(-3.67~0.37)
FAFHE A1 (%))] 182 283(57.9) 49 448(62.8) 46 633(59.2) 44 343(56.3) 41 859(53.2)
W AEAR L [0 (%)
AN 178 861(56.8) 49 184(62.5) 46 269(58.8) 43 690(55.5) 39 718(50.4)
W4 2R A 106 439(33.8) 24 048(30.5) 25958(33.0) 27 448(34.9) 28 985(36.8)
LA 29703(9.4) 5520(7.0) 6524(8.3) 7613(9.7) 10 046(12.8)
RIPIFR3 U n (%)) 147 331(46.8) 39306(49.9) 38345(48.7) 36 471(46.3) 33209(42.2)
HEA T HH (%)) 244 949(77.8) 64 793(82.3) 62 870(79.8) 60 537(76.9) 56749(72.1)
TR0 (%)] 177 632(56.4) 49 028(62.3) 46 227(58.7) 42 983(54.6) 39394(50.0)

A HHEARIN A [h, M(IQR)]

BMI [kg/m?, M(IQR)]

SBP [mmHg, M(IQR)]

DBP [mmHg, M(IQR)]

eGFR [ mI/(minx1.73 m*) ,M(IQR)]
HbA le [mmol/mol , M(IQR)]

LDL-C [mmol/L, M( IQR)]

7.00(7.00~8.00)
26.49(23.95~29.56)

7.00(7.00~8.00)
23.84(22.00~25.95)

7.00(7.00~8.00)
25.85(23.76~28.28)

7.00(7.00~8.00)
27.43(25.11~30.22)

7.00(6.00~8.00)
29.39(26.69~32.75)

135.00(124.00~148.00) 128.00(117.50~141.00) 134.50(123.50~147.00) 137.50(126.50~150.00) 140.00(129.00~152.50)

82.00(75.00~88.50)

91.33(81.18~102.48)

35.00(32.50~37.50)
3.53(2.97~4.12)

78.00(72.00~84.50)

92.80(83.17~103.57)

33.80(31.50~36.00)
3.23(2.76~3.73)

81.00(75.00~88.00)

91.05(81.14~101.84)

34.60(32.30~36.90)
3.52(2.98~4.06)

83.00(76.50~90.00)

90.41(80.33~101.51)

35.20(32.90~37.70)
3.67(3.10~4.25)

84.50(78.00~91.50)

91.03(80.03~102.94)

36.50(33.90~39.70)
3.76(3.15~4.38)

5 LA [ (%)) 76 796(24.4) 10727(13.6) 16 732(21.2) 21363(27.1) 27974(35.5)
BRI S [n (%)) 13 680(4.3) 1174(1.5) 1952(2.5) 2998(3.8) 7556(9.6)
S (%) 13243(4.2) 2194(2.8) 3026(3.8) 3502(4.4) 4521(5.7)
FERR 2 1 F 2 [n (%)) 47 450(15.1) 7150(9.1) 10 754(13.7) 12 930(16.4) 16 616(21.1)
o0 M CTUIU A B AT 3 BT, 5 QLA L, Q2.
J —CTIQl
e Q3 Fil Q4 41 /) HR (95% CI) 43 5 & 2.16 (1.74~
@075 == 2.69) . 3.04 (2.47~3.74) F1533 (438~649), H
Qo Py <0.001. TEZE A AR A I 2, K FE A %
& 0.
B KR BIRA WS, HARARSE I,
< P NEs > Y VA N ~,
<05 TESEA TR T N DGt 2050 . Em TR &
0.00 I R A5 ) b 7 4 S S o B 5 FH 24 o0 IS A B AR 4
0 5 10 L CTURRHG I L AR ZE, AAA K& KU 1)) i 2

P (4F)

El1 CTIS AAA % 4 H) Kaplan-Meier 2%
Kaplan-Meier curves for incident AAA according
to CTI quartiles

Figure 1

2.3 T =FER Cox LEFIXIEE [E T4 7

WMFE2 PR, FERVEEEGHBA 1, CTI A
I AFREZE (CTIAY 1A FRIEZE R 0.79), AAA [
KR RS B F A (HR=1.72, 95% CI=1.64~1.81) .

W 39% (HR=1.39, 95% CI=1.30~1.48) , [a] ¥¢,
PLQUAL SR, Q2. Q3 Fl Q4 411 £ A% i )8 3% HR
(95% CI) 43 %/ 1.26 (1.01~1.57) . 143 (1.15~
1.77) F12.15 (1.73~2.66) (¥ P, <0.001) . %
KW, L ENEEREEE, B CTIK
SEATS AR SR AAA K XU A Sr e I R, B
WEMRE-RNXER, RCSHMEHER, CTIH
AAA 95 UK 22 6] A7 7 B 0 AR 2R PR SCHR (Pypygpy=
0.008, P, ;<0.001) ([&2),
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Table 2 Association between CTI and risk of incident AAA
S AAAZE{F/ R A 1 HRL2 R 3 R4
MK (4810 000 A4F) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI)

bR 2E G 1.72(1.64~1.81) 1.38(1.30~1.46) 1.42(1.32~1.51) 1.39(1.30~1.48)
CTI 4 53275

Q1 119/78 752 0.94 Z 1R SR Z 1R SR

Q2 255/78 751 2.03 2.16(1.74~2.69) 1.35(1.09~1.68) 1.33(1.07~1.66) 1.26(1.01~1.57)

03 355/78 751 2.85 3.04(2.47~3.74) 1.56(1.27~1.93) 1.54(1.24~1.91) 1.43(1.15~1.77)

Q4 614/78 749 5.01 5.33(4.38~6.49) 2.36(1.93~2.88) 2.33(1.88~2.89) 2.15(1.73~2.66)

P g <0.001 <0.001 <0.001 <0.001
i 1 (HR=1.65, 95% CI=1.52~1.79, P.,;=0.019) .

P 4, <0.001
P Tk =0.008
S
R
w
3
iz
4‘% _____________________
<
<
<
0
6 8 10 12

CTI

B2 CTIS5AAAZRBRBEAIRCS B (LK R HR W
HE, BERIERTEIS% CI)

Figure 2 RCS analysis of the association between CTI and
the risk of AAA (the solid line indicates the
estimated HR; the shaded area represents the
95% CI)

2.4 TWHSH

B CTL S AAA i XU DG 166 1) ¥ 78 7 ot
P, ASBESSRIE N T GE T SRR AR O 2 K
IRAEAR VAT TWH B . T8 R o, CT Y
AAAEﬁﬁﬁtﬁﬁﬁ@lﬁﬂ%ﬂ%?gﬁﬂéﬂqﬂ%$—ﬁ

— B ARG T8, % ORI AE W IRDIR 2
HbAlc7J<¥\ e LT S OB PR S O e
s N W g 25 W A IR 25 03 2 b AR TR 3 S B
(P<0.05) o CTIAHIC Y AAA & 9 XU RS 76 4 i W
M 8G Z2WH (HR=1.70, 95% CI=1.55~1.85, P, =

0.002) . HbAlc<48 mmol/mol (HR=1.63, 95% Cl=
1.50~1.77, P,,; =0.018) . JC & Il JE 9% % (HR=

1.76, 95% CI=1.57~1.96, P..,;=0.003) . Jo ¥ IR s
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T L 8 (HR=1.68, 95% CI=1.54~1.84, P,..=
0.004) LA LR NG 25%) (HR=1.78, 95% Cl=
1.59~1.98, P, =0.001) =5 & hHE R RE,
FEAEIR <60 % (HR=1.72, 95% CI=1.46~2.02, P =
0.057) . BMI<24 kg/m* (HR=1.81, 95% CI=1.47~
223, Pu;=0.065) [)Z 153 v W5 FI T A 200
B, B EAEHRBEN G FEL (E3),
2.5 BEESHT

R URELE R R E M, BFS AT T 2 AR
ST B, TEHEBRBE VI RT 2 4E N K AR AAA I S
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HR (95% CI) 4l A 131 (1.04~1.65) . 1.48
(1.18~1.85) A1 2.20 (1.76~2.75), H.3 - )i #4
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I IR R 24 . Bl 2 . e bl 24 5] ) D8 AR ) 2
5#% )5 (n=223 857), CTI 5 AAA & %% XU #4 1E 1]
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SEA BRI CTL AR 380 1A o 22 X 0 19 HR
151 (95% CI=1.35~1.68) . LAQUZA SR, Q44
() HR 1535 2.57 (95% CI=1.82~3.62) , H 5Bk 58
BE CTL DU 43 7 £ B9 Jh T S 35 38 98 (Py <
0.001) (#%4),
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Figure 3 Subgroup analyses of the association between CTI and the risk of abdominal aortic aneurysm (the dashed vertical

line indicates the reference value of HR=1; confidence intervals crossing this line suggest that the association is not

statistically significant; the P value represents the significance level for testing whether the HR differs from 1, while

the P,

interaction

assesses whether the differences in HRs across subgroups are statistically significant)

K3 HBMEST: HIBRHEIHR2ENEZEAAANSSE (1=314912)

Table 3 Sensitivity analysis after excluding participants with AAA occurrence within the first 2 years of follow-up

(n=314 912)
S AAA S/ R A 1 A2 Tl 3 AL 4
BMAZC (410 000 A4) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI)
FbRE 2 1.73(1.64~1.82) 1.38(1.30~1.47) 1.40(1.31~1.50) 1.37(1.28~1.47)
CTI 443278 it
Q1 107/78 740 0.84 Z R Z R Z R Z R
02 239/78 735 1.90 2.26(1.80~2.83) 1.42(1.13~1.78) 1.38(1.09~1.74) 1.31(1.04~1.65)
Q3 332/78 728 2.67 3.16(2.54~3.93) 1.64(1.32~2.04) 1.58(1.26~1.98) 1.48(1.18~1.85)
Q4 574/78 709 4.68 5.56(4.52~6.83) 2.47(2.01~3.05) 2.39(1.91~2.99) 2.20(1.76~2.75)
P <0.001 <0.001 <0.001 <0.001
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Table 4 Sensitivity analysis after excluding participants receiving antihypertensive, lipid-lowering, antidiabetic medications,

or aspirin (n=223 857)

SE AAA F G/ V2 ES izl L2 EK R4
MK (410000 A4F) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI)
Tpbrifk2s g it 1.96(1.80~2.13) 1.52(1.39~1.67) 1.51(1.35~1.68) 1.51(1.35~1.68)
CTI Y4537 i
Q1 47/64 370 0.45 ZIRA S ZIRA S
02 94/58 187 1.01 2.23(1.57~3.16) 1.39(0.98~1.97) 1.30(0.91~1.85) 1.30(0.91~1.86)
03 120/53 876 1.39 3.09(2.21~4.33) 1.55(1.10~2.17) 1.39(0.98~1.98) 1.40(0.98~1.99)
04 240/47 424 3.20 7.11(5.20~9.72) 2.92(2.13~4.02) 2.56(1.82~3.62) 2.57(1.82~3.62)
P <0.001 <0.001 <0.001 <0.001
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