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Abstract

Background: Insulin resistance has been recognized as a risk factor in the pathogenesis of various diseases. The estimated glucose
disposal rate (eGDR) has been widely validated as a reliable, noninvasive, and cost-effective surrogate measure of insulin resistance.
However, the relationship between eGDR and abdominal aortic aneurysm (AAA) has not yet been fully elucidated. This study sought
to investigate the association between the eGDR levels and the risk of AAA development. Methods: This prospective cohort study
enrolled participants from the UK Biobank who had complete eGDR measurements and no pre-existing AAA at baseline (2006–2010).
Participants were stratified into quartiles according to their eGDR values. The association between eGDR and AAA was assessed using
Cox proportional hazards models with results expressed as the hazard ratio (HR) and 95% confidence interval (CI). Kaplan–Meier curves
were generated to visualize cumulative AAA incidence across eGDR quartiles, whereas restricted cubic splines (RCSs) were applied
to characterize the exposure–response relationship. Sensitivity and subgroup analyses were conducted to assess the robustness of the
findings. Results: The final analytical cohort comprised 416,800 participants (median age: 58.0 years (IQR: 50.0–63.0), 45.83% male).
During the median follow-up of 13.6 years, 1881 incident AAA cases were recorded. The Kaplan–Meier curve analysis demonstrated a
higher cumulative AAA risk with decreasing eGDR quartiles (log-rank p < 0.05). The Multivariable Cox model confirmed that lower
eGDR levels were significantly associated with increased AAA risk. When eGDR was assessed as categorical variable, compared with
the participants in Quartile 1 group (reference group), the adjusted HR (95% CI) for those in the Quartile 2–Quartile 4 groups were
0.76 (0.66–0.87), 0.69 (0.59–0.80), and 0.46 (0.35–0.62), respectively. When eGDR was evaluated as a continuous variable, a 1-unit
increment in eGDR corresponded to a 12% reduction in AAA risk (HR: 0.88, 95% CI: 0.85–0.90). After excluding patients with pre-
existing diabetes or short-term follow-up, the sensitivity analysis produced similar results. A subgroup analysis further maintained the
association between eGDR and AAA. Furthermore, the RCS curve revealed a nonlinear association between eGDR and AAA incidence
risk (p for nonlinearity ≤ 0.05), identifying a threshold value of 7.78. Conclusions: Our study demonstrates that reduced eGDR levels
are independently associated with elevated AAA risk, exhibiting a nonlinear dose–response relationship characterized by a threshold
effect at 7.78. These findings position eGDR as a potentially valuable biomarker for AAA risk stratification and interventional strategies.
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Fig. 1. Flow diagram of participant selection. HbA1c, glycated hemoglobin.

1. Background
Abdominal aortic aneurysm (AAA) is defined as the

irreversible and perpetual dilatation of the infrarenal aorta
[1]. Globally, AAA accounts for 167,200 annual deaths and
results in 3 million disability-adjusted life years lost [2].
The insidious nature of AAA progression, typically remain-
ing asymptomatic until rupture occurs, poses significant
clinical challenges for timely detection. Notably, emerging
pathophysiological evidence implicates systemic metabolic
dysregulation in AAA pathogenesis, particularly through
perturbations in glucose metabolism [3], lipid metabolism
[4], amino acid metabolism [5], and more. This evolving
understanding underscores the urgency to identify novel
metabolic biomarkers linked to AAA progression, which
may enable personalized risk stratification and inform tar-
geted preventive interventions.

Estimated glucose disposal rate (eGDR), a validated
marker of glucose metabolism, serves as a practical alterna-
tive to the euglycemic-hyperinsulinemic clamp gold stan-
dard for assessing insulin sensitivity [6,7]. Over the past
two decades, eGDR has demonstrated prognostic value in
predicting complications in patients with type 1 diabetes
[8–12]. More recently, large-scale epidemiological stud-
ies have established that eGDR is independently associ-
ated with cardiovascular events [13–15]. Despite these ad-
vances, a critical gap remains regarding eGDR’s poten-
tial relationship with AAA development. To address this
knowledge gap, we conducted a population-based prospec-
tive cohort study utilizing data from the UK Biobank to in-
vestigate the association between eGDR levels and incident
AAA risk.

2. Methods
2.1 Database and Participants

This study leveraged data from the UK Biobank
(2006–2010), a large prospective cohort encompassing ap-
proximately 500,000 individuals aged 40–69 years across
the United Kingdom. Fig. 1 illustrates a detailed flowchart
of the study participants’ selection. From the initial 502,389
participants, we excluded those with AAA at baseline, as
well as individuals with missing waist circumference (WC),
hypertension (HT) condition, glycated hemoglobin, and
missing follow-up data. After applying these exclusion cri-
teria, the analytical cohort comprised 416,800 participants.

2.2 Measures
eGDR was calculated using the validated formula:

eGDR = 21.158 – (0.09 ×WC) – (3.407 × HT) – (0.551×
HbA1c) [WC = waist circumference (cm), HT = hyperten-
sion status (1 = present, 0 = absent), and HbA1c = gly-
cated hemoglobin] [16]. Participant data retrieved from the
UK Biobank included sociodemographic factors (age, sex,
ethnicity, education, environment), lifestyle behaviours
(smoking, alcohol consumption), and clinical conditions
(diabetes, hypertension, coronary heart disease). Anthro-
pometric evaluations included vertical stature, weight as-
sessment, and waist perimeter measurements. Laboratory
investigations comprised fasting plasma glucose determi-
nation, HbA1c quantification, and detailed serum lipid pro-
filing (measuring total cholesterol fractions, high-density
lipoproteins, low-density lipoproteins, and triglyceride lev-
els). We calculated the body mass index (BMI) using mass-
to-height ratios (kg/m2).

2

https://www.imrpress.com


2.3 Outcomes
The primary endpoint was defined as incident AAA

identified through International Classification of Diseases,
Tenth Revision (ICD-10) codes I71.3–I71.4. Patient identi-
fication involved comprehensive data collection from three
sources: death registries, hospital records, and primary care
databases. AAA cases were ascertained through linked
records from death registries, hospital admissions, and pri-
mary care databases. The earliest recorded diagnosis in any
of these sources was considered the time of AAA onset.

2.4 Statistical Analysis
For covariates with sparse missing data (<10%), con-

tinuous variables were completed using arithmetic means,
while categorical variables were supplemented with their
most frequent values. Participants were stratified into quar-
tiles according to baseline eGDR levels, with cut-off val-
ues determined by the 25th, 50th, and 75th percentiles of
the population distribution. Analytical comparisons across
these quartiles incorporated the Kruskal-Wallis test for non-
parametric continuous data, standard ANOVA for normally
distributed variables, and chi-square testing for categorical
outcomes.

Kaplan-Meier survival curves were generated to as-
sess cumulative AAA risk, with group differences eval-
uated using log-rank tests. Cox proportional hazard re-
gression models were constructed to quantify the associ-
ation between eGDR and AAA risk. The analysis fol-
lowed a stepwise adjustment protocol: Model 1: adjusted
for sex and age; Model 2: further adjusted for drinking
and smoking status; and Model 3: additionally adjusted
for ethnic, education, BMI, diabetes, coronary heart dis-
ease (CHD), fasting blood glucose (FBG), total cholesterol
(TC), triglycerides (TG), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-
C). We conducted separate analyses for each subgroup pop-
ulation usingModel 3. Restricted cubic splines (RCS) were
implemented to characterize potential nonlinear relation-
ships. Time-dependent ROC curves were generated, and
area under the curve (AUC) estimates were calculated to
assess eGDR’s discriminative capacity.

Three sensitivity analyses were conducted to assess re-
sult robustness: (1) exclusion of participants with preva-
lent diabetes; (2) exclusion of AAA cases within 1-year
follow-up; and (3) exclusion of AAA cases within 3-year
follow-up. Schoenfeld residuals served to evaluate the pro-
portional hazards assumption. All analyses were performed
using R statistical software (version 4.3.0, RStudio, Inc.,
Boston, Massachusetts, America), implementing a signifi-
cance threshold of p < 0.05 (two-sided).

3. Results
3.1 Baseline Characteristics

Table 1 presents the baseline characteristics of the
416,800 participants stratified by eGDR quartiles, includ-
ing demographic parameters, metabolic profiles, and co-
morbid conditions. The cohort had a median age of
58.0 years. Participants in lower eGDR quartiles (reflect-
ing greater insulin resistance) demonstrated progressively
higher median age. Of the 416,800 study participants,
191,022 (45.83%) were male. The proportion of male
participants was inversely correlated with eGDR quartiles,
with a higher prevalence in the lower quartiles (p< 0.001).
Participants in the lower eGDR quartiles exhibited higher
glycated haemoglobin levels, increased BMI, larger waist
circumference, and elevated fasting glucose and triglyc-
eride levels. These participants also showed lower lev-
els of HDL cholesterol. Additionally, this group exhibited
a greater frequency of tobacco use and concurrent medi-
cal conditions, encompassing diabetes, elevated blood pres-
sure, and cardiac disease. Statistical analysis (p < 0.001)
confirmed the significance of these differences.

3.2 Association of eGDR With AAA
Fig. 2 presents Kaplan-Meier survival curves con-

structed for eGDR quartiles, demonstrating significantly
higher cumulative AAA incidence in the lowest versus the
highest quartile. Over a median follow-up period of 13.6
years, 1881 incident AAA cases were ascertained. RCS
analysis revealed a nonlinear association between eGDR
and AAA risk (nonlinearity p ≤ 0.05), with a threshold ef-
fect observed at an eGDR value of 7.78, showing risk re-
duction above eGDR 7.78 mg/kg/min but accelerated risk
elevation below this threshold (Fig. 3).

In categorical analyses using eGDR quartiles, pro-
gressively reduced AAA risks were observed across higher
quartiles compared to Q1 (reference): the hazard ratio (HR)
(95% CI) of AAA in eGDR quartiles 2 (Q2), quartiles
3 (Q3), and quartiles 4 (Q4) were 0.44 (0.39–0.49), 0.28
(0.25–0.32), and 0.08 (0.06–0.10), respectively (p for trend
< 0.001; Table 2). This inverse association remained sig-
nificant after adjusting for smoking and alcohol use (Model
2, p < 0.001 for trend) and additional covariates, including
ethnicity, education, environment, BMI, diabetes, and glu-
cose and lipid profiles (Model 3, p< 0.001 for trend). In the
fully adjusted model (Model 3), Q4 participants exhibited
54% lower AAA risk versus Q1 [HR 0.46 (95% CI: 0.35–
0.62), p< 0.001 for trend]. When eGDR was analyzed as a
continuous variable, each unit increment of eGDR was as-
sociated with a 27% lower AAA risk [HR 0.73 (95% CI:
0.72–0.75), p < 0.001] in the unadjusted model. After full
covariate adjustment, each unit increase of eGDR remained
associated with a 12% lower AAA risk [HR 0.88 (95% CI:
0.85–0.90), p < 0.001]. Sensitivity analyses demonstrated
robustness of results (Table 2). When excluding patients
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Table 1. Baseline characteristics of participants.

Characteristics Total (n = 416,800)
Quartiles of eGDR

Quartile 1 (n = 104,285) Quartile 2 (n = 104,121) Quartile 3 (n = 104,244) Quartile 4 (n = 104,150) p value

eGDR 7.78 [6.16, 10.36] 5.34 [4.65, 5.79] 6.86 [6.51, 7.27] 9.29 [8.46, 9.89] 11.24 [10.79, 11.73] <0.001
Age, years 58.0 [50.0, 63.0] 60.0 [54.0, 65.0] 60.0 [54.0, 65.0] 56.0 [49.0, 62.0] 53.0 [46.0, 60.0] <0.001
Male, n (%) 191,022 (45.83) 72,667 (69.68) 49,120 (47.18) 48,813 (46.83) 20,422 (19.61) <0.001
Ethnic, n (%) <0.001

White 396,345 (95.09) 98,792 (94.73) 99,432 (95.50) 98,883 (94.86) 99,238 (95.28)
Others 20,455 (4.91) 5493 (5.27) 4689 (4.50) 5361 (5.14) 4912 (4.72)

Education, n (%) <0.001
High 135,348 (32.47) 26,333 (25.25) 30,889 (29.67) 35,706 (34.25) 42,420 (40.73)
Medium 210,154 (50.42) 52,817 (50.65) 52,389 (50.32) 53,249 (51.08) 51,699 (49.64)
Low 71,298 (17.11) 25,135 (24.10) 20,843 (20.02) 15,289 (14.67) 10,031 (9.63)

Smoking, n (%) <0.001
Yes 190,340 (45.67) 56,892 (54.55) 46,444 (44.61) 46,848 (44.94) 40,156 (38.56)
No 226,460 (54.33) 47,393 (45.45) 57,677 (55.39) 57,396 (55.06) 63,994 (61.44)

Drinking, n (%) <0.001
Yes 209,357 (50.23) 50,297 (48.23) 54,299 (52.15) 51,149 (49.07) 53,612 (51.48)
No 207,443 (49.77) 53,988 (51.77) 49,822 (47.85) 53,095 (50.93) 50,538 (48.52)

Environment, n (%) <0.001
Urban 357,211 (85.70) 90,563 (86.84) 88,521 (85.02) 89,367 (85.73) 88,760 (85.22)
Country 59,589 (14.30) 13,722 (13.16) 15,600 (14.98) 14,877 (14.27) 15,390 (14.78)

BMI, kg/m2 26.75 [24.15, 29.90] 31.06 [28.66, 34.30] 26.43 [24.73, 28.44] 26.76 [24.20, 29.48] 23.70 [22.00, 25.52] <0.001
Waistline, cm 90.0 [81.0, 99.0] 103.0 [99.0, 110.0] 88.0 [84.0, 92.0] 92.0 [78.0, 98.0] 78.0 [73.0, 83.0] <0.001
Diabetes, n (%) 8955 (2.15) 6769 (6.49) 1121 (1.08) 886 (0.85) 179 (0.17) <0.001
Hypertension, n (%) 233,557 (56.04) 103,870 (99.60) 101,014 (97.02) 28,673 (27.51) 0 (0.00) <0.001
CHD, n (%) 16,598 (3.98) 8986 (8.62) 4478 (4.30) 2271 (2.18) 863 (0.83) <0.001
TC, mmol/L 5.65 [4.91, 6.43] 5.41 [4.58, 6.27] 5.79 [5.03, 6.58] 5.76 [5.07, 6.50] 5.61 [4.96, 6.33] <0.001
TG, mmol/L 1.49 [1.05, 2.15] 1.94 [1.40, 2.71] 1.54 [1.12, 2.16] 1.48 [1.06, 2.14] 1.11 [0.84, 1.53] <0.001
LDL-C, mmol/L 3.52 [2.94, 4.12] 3.41 [2.76, 4.07] 3.62 [3.02, 4.23] 3.62 [3.08, 4.18] 3.41 [2.91, 3.97] <0.001
HDL-C, mmol/L 1.40 [1.17, 1.68] 1.21 [1.04, 1.42] 1.43 [1.21, 1.68] 1.39 [1.17, 1.67] 1.59 [1.36, 1.85] <0.001
FBG, mmol/L 4.96 [4.61, 5.32] 5.11 [4.73, 5.66] 4.98 [4.70, 5.34] 4.90 [4.58, 5.24] 4.80 [4.49, 5.11] <0.001
HbA1c, % 5.37 [5.15, 5.62] 5.58 [5.33, 5.93] 5.37 [5.15, 5.58] 5.35 [5.14, 5.57] 5.25 [5.04, 5.45] <0.001
BMI, body mass index; CHD, coronary heart disease; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; FBG, fasting blood glucose; eGDR, estimated glucose disposal rate.
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Table 2. Baseline of eGDR and AAA incident risk.
eGDR, HR (95% CI)

p for trend Per Union p-value
Quartile 1 Quartile 2 Quartile 3 Quartile 4

Unadjusted model Reference 0.44 (0.39–0.49) 0.28 (0.25–0.32) 0.08 (0.06–0.10) <0.001 0.73 (0.72–0.75) <0.001
Model 1 Reference 0.60 (0.54–0.67) 0.56 (0.49–0.64) 0.32 (0.25–0.40) <0.001 0.73 (0.72–0.75) <0.001
Model 2 Reference 0.67 (0.61–0.76) 0.60 (0.53–0.69) 0.36 (0.29–0.46) <0.001 0.87 (0.85–0.89) <0.001
Model 3 Reference 0.76 (0.66–0.87) 0.69 (0.59–0.80) 0.46 (0.35–0.62) <0.001 0.88 (0.85–0.90) <0.001
Sensitivity analysis 1 Reference 0.71 (0.61–0.83) 0.67 (0.57–0.80) 0.45 (0.34–0.61) <0.001 0.88 (0.84–0.91) <0.001
Sensitivity analysis 2 Reference 0.78 (0.68–0.89) 0.69 (0.59–0.81) 0.48 (0.35–0.63) <0.001 0.88 (0.85–0.91) <0.001
Sensitivity analysis 3 Reference 0.77 (0.67–0.89) 0.70 (0.59–0.82) 0.48 (0.36–0.64) <0.001 0.88 (0.85–0.92) <0.001
Model 1: adjusted for sex and age;
Model 2: adjusted for sex, age, drinking, and smoking status;
Model 3: adjusted for age, gender, ethnicity, education, smoking, drinking, environment, BMI, diabetes, CHD, FBG, TC, TG, LDL-C, HDL-C.
Sensitivity analysis 1: excluded patients diagnosed with diabetes.
Sensitivity analysis 2: excluded follow-up time less than 1 year.
Sensitivity analysis 3: excluded follow-up time less than 3 years.

diagnosed with diabetes, per unit increment of eGDR was
associated with 12% lower AAA risk [HR 0.88 (95% CI:
0.84–0.91), p < 0.001]. When excluding the population
with short follow-up time, the eGDR on the risk of AAA
was similar.

3.3 Subgroup Analysis

Fig. 4 presents stratified analyses evaluating the con-
sistency of eGDR-AAA associations across demographic
and clinical subgroups. The effect of eGDR on AAA risk
was consistent across all subgroups. Consistent with known
epidemiology, men exhibited a significantly higher inci-
dence of AAA (0.84%) compared to women (0.13%). Sex-
stratified analyses demonstrated comparable risk reduction
per unit eGDR increase: Male: (HR 0.88, 95% CI: 0.85–
0.92), Female: (HR 0.85, 95% CI: 0.78–0.92). In partici-
pants with hypertension, the multivariable-adjusted HR for
AAA was 0.78 (95% CI: 0.72–0.86, p < 0.001). Among
those without hypertension, the corresponding HRwas 0.85
(95% CI: 0.78–0.93, p < 0.001). Subgroup analysis strat-
ified by age groups revealed a significant interaction be-
tween age and the association of eGDR with AAA risk (p-
interaction < 0.001). Specifically, the effect of eGDR was
more pronounced in participants aged<65 years (HR 0.81,
95%CI: 0.77–0.84) compared to those aged≥65 years (HR
0.88, 95%CI: 0.84–0.93), indicating age-dependent hetero-
geneity in the magnitude of risk reduction. Subgroup analy-
sis by HbA1c levels (≥6.5% vs. <6.5%) showed consistent
associations between eGDR and AAA. For HbA1c≥6.5%,
HR was 0.86 (95% CI: 0.76–0.97, p = 0.012); for HbA1c
<6.5%, HR was 0.87 (95% CI: 0.84–0.90, p < 0.001).
No significant interaction was observed between HbA1c
stratification and eGDR-AAA association (p-interaction =
0.835). Supplementary Table 1 further presents char-
acteristics stratified by diabetes status, revealing distinct
metabolic patterns between diabetic and non-diabetic sub-
groups. The total sample size in Supplementary Table 1

(N = 416,799) accounts for the exclusion of one participant
with a missing baseline diagnosis value.

3.4 Additional Analysis About the Parameters of eGDR
As previously noted, the eGDR was developed as a

composite parameter reflecting insulin resistance, compris-
ing three clinical variables: waist circumference, hyperten-
sion status, and glycated hemoglobin. To investigate the
relative contributions of these three components within the
eGDR formula, we conducted standardized contribution as-
sessment analyses, with results detailed in Supplementary
Table 2. Based on the eGDR formula, HT (binary vari-
able) had the largest absolute impact on eGDR values (–
3.407 units if present). WC and HbA1c, as continuous vari-
ables, contributed less per unit change. In addition, the
predictive performance of eGDR and its components for
AAA risk was evaluated using receiver operating character-
istic (ROC) analysis (Supplementary Fig. 1). The eGDR
composite score demonstrated superior discriminative abil-
ity with an AUC of 0.715, significantly outperforming hy-
pertension alone (AUC = 0.628, p < 0.001), waist circum-
ference (AUC = 0.693, p < 0.001), and HbA1c (AUC =
0.632, p < 0.001). These results statistically confirm that
the eGDR provides incremental predictive value compared
to hypertension, waist circumference, and HbA1c.

4. Discussion
This study, leveraging data from 416,800 UKBiobank

participants, identified an independent inverse association
between eGDR and AAA incidence over a median follow-
up of 14.6 years. The incidence of AAA varied across
eGDR quartiles, with the highest quartile exhibiting the
lowest risk. Robustness was confirmed through three pre-
specified sensitivity analyses. The results of subgroup anal-
ysis corroborated the main findings, further strengthening
the validity of the observed associations.
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Fig. 2. Cumulative incidence rate of AAA in 416,800 individuals separated by the four categories of eGDR.AAA, abdominal aortic
aneurysm.

4.1 Clinical Significance

Although the hyperinsulinemic-euglycemic clamp re-
mains the gold standard for assessing insulin resistance,
its utility in large-scale epidemiological studies and rou-
tine clinical practice is constrained by procedural complex-
ity. eGDR has been validated as a reliable marker of in-
sulin resistance, particularly in Type 1 diabetes [6], and
also has recently been recognised as a prognostic indicator
for cardiovascular outcomes and mortality [11,14]. Zheng
et al. [16] demonstrated an inverse relationship between
long-term eGDR levels and cardiovascular risk in both Eu-
ropean and Asian populations. An analysis of individu-
als without diabetes mellitus indicated that lower levels
of eGDR were associated with an increased risk of car-
diovascular diseases among non-diabetic participants [14].
A prospective cohort study showed that a higher eGDR
level was associated with a decreased risk of cardiovascu-
lar disease in non-diabetic chronic kidney disease patients
[17]. A lower eGDR was associated with a higher risk of
cardiovascular diseases in prediabetic populations [18], as

was also found in the American population [19]. Yi et al.
[20] demonstrated that each standard deviation increment
in eGDR was associated with a 30% reduced likelihood
of developing atherosclerotic cardiovascular disease (HR
0.70, 95% CI: 0.60–0.80). We demonstrated that higher
eGDR values were inversely associated with AAA suscep-
tibility, consistent with existing evidence on cardiovascular
and atherosclerotic conditions. Restricted cubic spline anal-
ysis revealed a non-linear relationship between eGDR and
AAA occurrence, mirroring patterns reported in previous
cardiovascular studies [16]. These findings provide novel
evidence linking eGDR to AAA susceptibility, positioning
eGDR as a potential marker for both insulin resistance and
AAA risk prediction.

Subgroup analysis indicated that eGDR may serve as
a reliable biomarker for AAA risk prediction. The higher
AAA incidence in males likely reflects sex-specific bi-
ological factors (e.g., hormonal profiles, abdominal wall
anatomy), yet these factors did not modify the eGDR-AAA
association. Further studies could explore sex-specific
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Fig. 3. Restricted Cubic Spline to evaluate the association between eGDR and AAA.

Fig. 4. Subgroup analysis of eGDR on AAA.

pathways linking insulin resistance to vascular pathogene-
sis. Hypertension-stratified analyses demonstrated consis-
tent eGDR-AAA associations across subgroups, with nu-
merically stronger effect sizes in hypertensive individu-
als. The observed age-dependent heterogeneity in eGDR-
AAA associations highlights age-related modifications in
metabolic-vascular interactions. In younger populations,
metabolic plasticity may amplify insulin sensitivity bene-
fits, whereas vascular aging, comorbidities, and polyphar-
macy in older adults may attenuate these effects. No-
tably, consistent eGDR effects were observed across age-
based AAA screening criteria, reinforcing its predictive
validity. eGDR could serve as an adjunct to ultrasound

screening for high-risk individuals outside standard screen-
ing age ranges. For individuals with low eGDR (indi-
cating high insulin resistance), abdominal ultrasound or
contrast-enhanced computed tomography (CT) screening
may be prioritized. HbA1c-stratified analyses revealed ro-
bust eGDR-AAA associations, excluding confounding by
glycemic status and enhancing result credibility.

4.2 Mechanism Explanation

Emerging evidence indicates that impaired insulin
sensitivity plays a pivotal role in the development of
atherosclerotic vascular diseases [21]. Insulin resistance

7

https://www.imrpress.com


disrupts glucose metabolism, inducing oxidative stress,
inflammation, and vascular cell apoptosis that collec-
tively impair endothelial and smooth muscle function
[22,23]. Beyond glucose metabolism dysregulation, im-
paired insulin signaling disrupts lipid homeostasis, elevat-
ing blood lipid levels that potentiate both early and ad-
vanced atherosclerotic plaque formation [24,25]. Given
the established role of atherosclerosis in AAA pathogen-
esis [26], the eGDR-AAA association may be mediated
through these metabolic pathways. Although insulin resis-
tance damages vascular systems through oxidative stress,
inflammation, cellular apoptosis, and lipid metabolism dys-
regulation, direct experimental evidence linking insulin re-
sistance to AAA remains lacking. Future molecular and
animal studies are required to explore this association, in-
cluding developing animal models of insulin resistance or
AAA, and quantifying inflammatory biomarkers in abdom-
inal aortic tissues.

eGDR was developed as an effective indicator of in-
sulin resistance [6]. Insulin resistance refers to a patho-
logical state characterized by reduced target tissue respon-
siveness to circulating insulin [27]. Insulin resistance con-
tributes to the pathogenesis of multiple disorders, including
obesity [28], metabolic syndrome [29], non-alcoholic fatty
liver disease [30], atherosclerosis [31], and diabetes melli-
tus (DM) [32]. Our findings demonstrate a dose-dependent
relationship between insulin resistance severity and AAA
risk. Sensitivity analyses excluding diabetic participants
yielded consistent results. Paradoxically, it is known that
diabetic patients tend to develop smaller AAA [33]. Based
on the results of previous studies, the potential explanation
was given as follows: (1) Insulin resistance represents a key
pathophysiological feature of diabetes mellitus, preceding
overt hyperglycemia [34]. The prediabetes-AAA associa-
tion remains mechanistically undefined. Diabetes progres-
sion stages may exert differential effects on AAA patho-
genesis, warranting deeper investigations. Future studies
should examine eGDR-AAA associations across different
glycemic control states. (2) Insulin resistance and hyper-
glycemia mediate vascular pathophysiology through dis-
tinct molecular pathways [35]. Thus, insulin resistance and
diabetes mellitus differentially influence AAA pathogene-
sis. (3) A population-based cohort study demonstrated that
oral hypoglycemic agents reduce AAA incidence in diabet-
ics [36]. These agents ameliorate insulin resistance [37].
Pharmacological interventions may modulate the differen-
tial impacts of insulin resistance versus diabetes on AAA.
This critical knowledge gap warrants prioritized investiga-
tion.

5. Strengths and Limitations
Our study represents the first investigation into the as-

sociation between eGDR and AAA, offering novel insights
into how insulin resistance may contribute to AAA patho-
genesis. The principal strengths of this investigation en-

compass its prospective study design, large-scale cohort,
and extended follow-up period. The validity of our con-
clusions is supported by rigorous sensitivity analyses and
subgroup analyses, which collectively enhance the robust-
ness of our findings.

However, certain limitations should be acknowledged.
(1) Selection bias may have emerged due to missing eGDR
measurements in some individuals, potentially affecting our
analysis of eGDR andAAA. (2) A keymethodological limi-
tation stems from the exclusive reliance on ICD-10 diagnos-
tic codes for AAA identification, without integration of sur-
gical records or imaging documentation, which may have
led to an underestimation of the true AAA population. Fu-
ture studies should incorporate multimodal diagnostic ap-
proaches (including procedural and radiological confirma-
tion) to establish more robust validation of the eGDR-AAA
risk association. (3) The median age in the population was
less than the screening age of AAA. We used the subgroup
analysis to deal with this problem, and more studies ac-
cording to age stratification are needed to validate the rela-
tionship between eGDR and AAA. (4) The generalizability
of these results requires careful consideration, as our study
population consisted primarily of Western individuals aged
40 and above. Future research should expand to include
more demographically diverse groups, especially including
diverse racial and young cohorts, to validate these findings.
(5) Another important limitation is that at baseline, diabetes
was diagnosed solely through ICD-10 codes without incor-
porating HbA1c values as supplementary diagnostic crite-
ria (HbA1c was established as a diagnostic criterion for di-
abetes in 2012 in the UK [38]), coupled with absence of
diabetes staging analysis and medication usage data, poten-
tially leading to an underestimation of diabetes prevalence
and inadequately analysis about interfered factor. Although
sensitivity and subgroup analyses were conducted to con-
firm the robustness of our findings, further research is war-
ranted to elucidate the impact of diabetes on the relationship
between eGDR andAAA. (6) Given the inherent limitations
of observational designs in establishing causal pathways,
we were unable to adequately control for confounding fac-
tors. Future investigations should prioritize Mendelian ran-
domization studies or other causal inference methodologies
to disentangle the bidirectional relationship between eGDR
and AAA pathogenesis.

6. Conclusions
Our analysis establishes eGDR—a validated surrogate

marker of insulin resistance—as exhibiting a significant in-
dependent association with AAA risk. These results high-
light the crucial role of metabolic homeostasis and insulin
sensitivity in AAA development, suggesting that targeting
metabolic dysregulation may be a promising strategy for
AAA prevention.
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