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Abstract

Purpose—To test the hypothesis that diabetes-related factors [metabolic syndrome (MetS), 

glucose, insulin, and leptin] are inversely associated with abdominal aortic aneurysm (AAA) risk.

Methods—We followed 13,736 participants, aged 45–64, without prior AAA surgery at baseline 

(1987–1989), for AAA occurrence through 2011. Hazard ratios (HRs) and their 95% confidence 

intervals (CIs) of AAA were calculated using Cox regression.

Results—During 275,054 person-years of follow-up, we identified 518 AAA events. Fasting 

serum glucose was associated inversely with AAA risk [HR (95% CI) per 1 unit increment in 

log2(glucose), 0.54 (0.36–0.80)], but fasting insulin was not associated with AAA. Plasma leptin 

was also associated inversely with AAA occurrence [HR (95% CI) per 1 unit increment in 

log2(leptin), 0.83 (0.71–0.98)]. Compared with individuals without MetS, those with MetS had 

increased risk of AAA [HR (95% confidence interval CI): 1.24 (1.04–1.48)]. Among individuals 

with or without diabetes, the HRs increased monotonically with a greater number of non-glucose 

MetS components.

Conclusion—Diabetes, fasting glucose, and plasma leptin were inversely associated with risk of 

AAA. In contrast, the MetS was associated with increased risk of AAA, due to the influence of the 

non-glucose MetS components.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is an important cause of death in Western countries, 

especially in old age (1, 2). Several risk factors for AAA have been identified, including 

atherosclerosis, old age, male sex, hypertension, dyslipidemia and smoking (1). In contrast, 

diabetes mellitus (DM), surprisingly, is inversely associated with AAA risk (3–5). In 

addition, a previous study suggested obesity might also be inversely associated with AAA 

(6) although this appears controversial (7, 8). Obesity is closely related to DM, and thus, 

other DM-related factors such as blood insulin concentrations or the metabolic syndrome 

(MetS) might also be inversely associated with AAA risk. To date, there is no prospective 

study investigating the association of these DM-related factors with AAA.

The Atherosclerosis Risk in Communities Study (ARIC) measured on its cohort several 

DM-related variables—MetS, fasting serum glucose and insulin, and plasma leptin (9)—and 

has identified incident, clinical AAAs through 2011. Therefore, the primary and secondary 

objectives of this study were to examine the association of MetS and those plasma 

biomarkers with AAA risk, respectively.

MATERIALS AND METHODS

Study Design, Setting, and Population

The ARIC Study recruited 15,792 mostly white or African American men and women aged 

45–64 from 4 U.S. communities [Jackson, Mississippi (African Americans only); 

Washington County, Maryland; suburbs of Minneapolis, Minnesota; and Forsyth County, 

North Carolina] to a baseline examination between 1987 and 1989 (10). Major 

cardiovascular risk factors were measured through home interview and clinic examinations. 

This study was conducted according to the guidelines of the Helsinki Declaration.

In the present analyses, we excluded participants who at baseline in 1987–1989 reported 

prior AAA surgery or aortic angioplasty (n=11), had uncertain AAA status during follow-up 

(n=30), were non-white participants in Washington County or Minneapolis or non-white/

black participants in Forsyth County (n=48) in order to allow multivariable adjustment for 

race and study site (17), or were participants whose data on main exposures (MetS and 

fasting glucose and insulin) (n=927) or any other covariates (n=1,013) were missing. After 

exclusions, 13,763 participants were included in the present analyses. For the leptin analysis, 

after identical exclusions, 701 participants were available. Assuming the sample size of our 

participants, the estimated proportion of AAA cases in reference group≥0.01, type I 

error=0.05, relative risk=0.5 (decreased risk) or 2.0 (increased risk) and ≥20 years of follow-

up, we obtained study power≥0.8.

The institutional review boards of the collaborating universities approved the protocol, and 

ARIC obtained written informed consent from all participants.
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Exposure and Covariates

DM was defined as a fasting serum glucose ≥126 mg/dl, non-fasting serum glucose ≥200 

mg/dl, a self-reported physician diagnosis of diabetes, or on treatment for diabetes mellitus 

in the past 2 weeks (11). MetS was defined by the presence of at least 3 of the following 

components: (i) central obesity; waist circumference ≥102 cm in men or ≥ 88 cm in women, 

(ii) low HDL cholesterol; plasma HDL<1.0 mmol/L in men and <1.3 mmol/L in women or 

on lipid medication, (iii) hypertension; systolic blood pressure ≥130 mm Hg or diastolic 

blood pressure ≥85 mm Hg or on antihypertensive medication, (iv) hypertriglyceridemia; 

plasma triglycerides ≥1.7 mmol/L or on lipid medication, and (v) abnormal glucose 

metabolism; fasting serum glucose ≥100 mg/dL or on treatment for diabetes mellitus (12, 

13). Glucose was measured by a hexokinase method on a Coulter DACOS (Coulter 

Instruments), and insulin was measured with a commercial radioimmunoassay (Cambridge 

Biomedical) (14). Based on our internal quality control materials, the interassay analytical 

standard deviation was 1.3 mg/dL (percent coefficient of variation, 1.6%) at 79.3 mg/dL for 

glucose and 16.5 mU/L (percent coefficient of variation, 17%) at 96.9 mU/L for insulin (14). 

Plasma leptin (reliability coefficient based on split specimens was 0.94) had been measured 

in duplicate by direct sandwich ELISA (Linco Research, St Charles, MI, USA) (9) in a 

previous nested case-coort study of incident coronary heart disease from ARIC visit 1 to 

December 31, 1993. The cohort reference group, the focus of the present leptin analysis, was 

a stratified random sample of participants free of baseline coronary heart disease in the 

ARIC cohort, with oversampling of participants with thin average carotid intima-media 

thickness measurements at baseline (<30th percentile) and different sampling fractions by 

age sex, and race (15).

We also included in analysis other risk factors (covariates) for AAA in ARIC (8, 16), 

including age, sex, race (white or African American), height (cm), smoking status (current, 

former, or never), pack-years of smoking, plasma low-density lipoprotein (LDL) cholesterol, 

and history of peripheral artery disease.

Identification of Abdominal Aortic Aneurysm

ARIC identified incident clinical AAAs by several strategies (8, 16). During annual 

telephone calls, ARIC participants were asked about any interim hospitalizations and 

participants’ deaths were identified. Surveillance of local hospitals was also conducted to 

identify additional hospitalizations or deaths. Moreover, participant identifiers were linked 

with fee-for-service Medicare data from the Centers for Medicare and Medicaid Services, to 

find additional hospital or outpatient AAA events for participants over 65 years. ARIC 

identified incident clinical AAAs as those with a hospital discharge diagnosis from any 

source, or two Medicare outpatient claims that occurred at least one week apart, with ICD-9-
CM codes of 441.3 or 441.4, or procedure codes of 38.44 or 39.71, or death codes, ICD-9 
441.3 or 441.4 or ICD-10 code I71.3 or I71.4. AAAs based on procedure codes were 

required to be verified by diagnosis codes. Some of these clinical diagnoses would include 

asymptomatic AAAs that happened to be clinically documented.
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Statistical Analysis

SAS version 9.4 software (SAS Institute Inc., Cary, NC) was used for statistical analyses. 

All statistical tests were two-tailed and P values < 0.05 were regarded as significant.

We computed mean levels or percentages of potential AAA risk factors at baseline according 

to the presence or absence of DM. Person-years of follow-up were calculated from baseline 

to the first endpoint: AAA, death, loss to follow-up, or administrative censoring at December 

31, 2011. Hazard ratios (HRs) and their 95% confidence intervals (CIs) of clinical AAA 

were calculated after adjustment for other AAA risk factors using Cox proportional hazards 

model (for leptin analysis, stratified sampling weights using a weighted Cox proportional 

hazard models were used to account for sampling). The proportional hazards assumption in 

the Cox regression was tested using risk factor-by-time interactions and was not violated. 

Since we found no statistical interactions between sex or race and DM-related factors in 

relation to AAA risk, we pooled the analysis across sex and race. Plasma fasting glucose and 

insulin, and leptin were modeled using continuous variables, with log2-transformed values 

because of skewness.

For sensitivity analyses, we (i) further adjusted for abnormal glucose metabolism (fasting 

serum glucose ≥100 mg/dL or on treatment for diabetes mellitus) for the analysis of the 

associations between the number of MetS components and risk of AAA, and (ii) reran 

models for this analysis after changing the definition of the reference group from the number 

of MetS components, 0–1 to 0 or 0–2.

RESULTS

Baseline Characteristics of Study Participants by Diabetes

Compared with individuals without DM, those with DM tended to be older, male, African 

American, shorter in stature, and non-current smokers, have more pack-years of smoking, 

more hypertension and peripheral artery disease; and have a lower HDL cholesterol level 

and a higher LDL cholesterol level (Table 1). Prevalence or means of the DM-related factors 

of interest were higher in individuals with DM than those without DM.

Associations between Diabetes-related Biomarkers and Risk of Abdominal Aortic 
Aneurysm

During the 275,054 person-years of follow-up for the 13,763 participants, we identified 518 

incident clinical AAA events. Individuals with DM had a lower risk of AAA, and this 

association remained significant even after adjusting for competing risks of death from 

underlying causes other than AAA (Supplemental Table). A fully adjusted model (Model 2) 

showed that fasting serum glucose and plasma leptin were inversely associated with AAA 

risk, but fasting serum insulin was not associated with AAA risk (Table 2). After excluding 

individuals with DM, fasting glucose showed no association with AAA, but leptin was still 

inversely associated with AAA.
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Associations between Metabolic Syndrome and Risk of Abdominal Aortic Aneurysm

In the final model (Table3, Model 2), compared with individuals without MetS, those with 

MetS had increased risk of AAA [HR 95% CI: 1.24 (1.04–1.48)]. Table 4 shows the 

associations between the number of MetS components and risk of AAA in those with or 

without DM. For this analysis, abnormal glucose metabolism was not included in the 

number of MetS components because glucose and DM were inversely associated with AAA 

risk in contrast to the other components. The age-, sex-, and race-adjusted model (Model 1) 

showed that among in both those without or with DM, the HRs increased monotonically 

with a greater number of non-glucose MetS components. Yet, those with DM had a lower or 

similar risk of AAA, compared to those without DM, regardless of the number of non-

glucose MetS components (central obesity, low HDL cholesterol, hypertension and 

hypertriglyceridemia) (Table 4). Further adjustment for other AAA risk factors showed 

similar associations. There was no significant interaction between the number of non-

glucose MetS components and DM in relation to AAA risk, thus suggesting that non-

glucose MetS components are associated similarly with AAA in those with versus without 

DM.

Sensitivity Analyses

Both sensitivity analyses mentioned in Methods produced similar results to main results 

(data not shown).

DISCUSSION

In this population-based prospective study, DM, leptin and fasting glucose were inversely 

associated with AAA risk, but fasting insulin was not. The inverse association between 

leptin and AAA appeared independent of DM. Participants with the MetS had an increased 

risk of AAA compared with normal participants, and participants with more non-glucose 

MetS components had a greater risk of AAA. In contrast, those with DM had a lower or 

similar risk of AAA than those without DM regardless of the number of MetS components.

One of our novel findings is the inverse association between leptin and AAA risk. Although 

elevated leptin, usually reflecting leptin resistance, is closely related to obesity (18), we 

previously showed no association between obesity and AAA (8). Several previous studies 

have suggested that elevated leptin predicts increased risk of DM as well as glucose 

intolerance (19–22). Thus, the association observed in this study might be related to those 

with elevated leptin being associated with future DM.

The inverse association between DM and AAA risk seems to relate mainly to 

hyperglycemia. Hyperglycemia might decrease AAA occurrence, as it is associated with 

increased collagen synthesis, elevated formation of advanced glycation end products, and 

decreased matrix metalloproteinases, which all may result in increased arterial stiffness 

through promoting cross-links between proteins such as elastin and collagen in the vessel 

wall, and smooth muscle cell proliferation (23). Insulin resistance, leading initially to 

elevated insulin concentrations, precedes the insulinopenia of frank DM. Higher insulin is 

associated with elevated plasminogen activator inhibitor-1 (24), which might reduce AAA 
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risk through inhibiting matrix metalloproteinases production (23). Yet, in the present 

population-based study, elevated insulin was not associated with AAA risk.

Since individuals with DM might have been more likely to have competing risks than those 

without DM, and thus, we suspected this may be another explanation for the inverse 

association between DM and AAA risk. However, we adjusted for competing risks of death 

from underlying causes other than AAA, and found the inverse association was still 

observed.

MetS is a precursor to DM in many people. Nevertheless, MetS was associated with 

increased risk of AAA, because with an increasing number of non-glucose MetS 

components, AAA risk was higher. Although the MetS is associated with increased risk of 

several cardiovascular diseases (24–27), this is the first study to report a positive association 

between the MetS and AAA.

Several limitations of our study need to be mentioned. Firstly, our assessment of clinical 

AAA was only due to hospital and death ICD codes (8, 16). Although we did not directly 

validate ICD codes for AAA, the AAA codes seem quite specific, but also insensitive for 

capturing AAA events. Thus, we might have missed AAA events, and certainly those with 

asymptomatic disease. Particularly, AAA events among those with DM might have been 

underestimated because hyperglycemia may result in increased arterial stiffness, leading to 

asymptomatic AAA. Secondly, we excluded the few participants with a history of AAA 

repair at baseline but did not perform a baseline ultrasound screening for AAA. Thus, some 

participants with asymptomatic AAA at baseline might have been included in this study. 

However, since our participants were 45 to 65 years old at baseline, we assume that the 

number of prevalent AAAs should have been low. Thirdly, we measured AAA risk factors 

only at baseline. Thus, we cannot negate the possibility of misclassification during the 

follow-up. Fourthly, we cannot negate the possibility of residual confounding due to 

unmeasured factors as in most observational studies, neither. Fifthly, our participants were 

only whites and African American, and the present findings may not be applicable to the 

other races such as Asian people. Thus, future research for those populations will be needed.

CONCLUSIONS

In this population-based cohort study, DM, fasting glucose, and plasma leptin were inversely 

associated with increased risk of AAA. In contrast, the MetS was associated with increased 

risk of AAA, due to the influence of the non-glucose MetS components.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Baseline Characteristics of Participants According to Diabetes Status (n=13,763), ARIC, 1987–1989.

Diabetes mellitus

No Yes

Participants, n 12,376 1,387

 Age, y 54.0±0.05 55.9±0.15

 Female, % 55.8 54.1

 African American, % 23.0 39.2

 Height, cm 168.5±0.08 168.3±0.25

 Current smoker, % 25.6 22.5

 Pack-years of smoking 15.7±0.2 17.1±0.6

 Hypertension, % 30.7 58.3

 HDL cholesterol, mmol/L 1.4±0.004 1.2±0.012

 LDL cholesterol, mmol/L 3.5±0.009 3.7±0.027

 Peripheral artery disease, % 2.3 4.2

 Medication use for diabetes, % 0 37.8

Diabetes-related factors

 Metabolic syndrome, % 30.8 77.9

 Fasting glucose, mg/dL 98.6±0.2 172.3±0.6

 Fasting insulin, pmol/L 77.2±1.2 206.3±3.6

 Leptin, ng/mL* 11.3±0.6 14.3±1.9

Values are mean ± standard error for continuous variables and % for categorical variables.

*
Available only for a cohort random sample (n=701).
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Table 2

Hazard Ratios (HRs) and 95% Confidence Intervals (CIs) for Incident, Clinical Abdominal Aortic Aneurysm 

According to Plasma Diabetes-related Biomarkers (n=13,763), ARIC, 1987–2013.

Log2(fasting glucose)

No. at risk 13,763

Person-years 275,054

Cases 518

Model 1 0.72 (0.50–1.05)

Model 2 0.54 (0.36–0.80)

Model 2 for individuals without diabetes 0.76 (0.38–1.50)

Log2(fasting insulin)

No. at risk 13,763

Person-years 275,054

Cases 518

 Model 1 1.11 (1.02–1.21)

 Model 2 1.04 (0.94–1.15)

Model 2 for individuals without diabetes 0.76 (0.38–1.50)

Log2(leptin)*

No. at risk 701

Person-years 14,199

Cases 37

 Model 1 0.72 (0.64–0.82)

 Model 2 0.83 (0.71–0.98)

Model 2 for individuals without diabetes 0.83 (0.70–0.98)

Model 1: Adjusted for age, sex, and race/ARIC field center

Model 2: Adjusted for Model 1 + adjusted for smoking status, pack-years of smoking, height, hypertension, HDL and LDL cholesterol, and 
peripheral artery disease.

*
Only available for the cohort random sample (n=701).
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Table 3

Hazard Ratios and 95% Confidence Intervals for Abdominal Aortic Aneurysm According to Metabolic 

Syndrome (n=13,763), 1987–2013, ARIC.

Metabolic syndrome

No Yes

No. at risk 8,871 4,892

Person-years 182,446 92,608

Cases 295 223

 Model 1 1 1.29 (1.08–1.53)

 Model 2 1 1.24 (1.04–1.48)

Model 1: Adjusted for age, sex, and race/ARIC field center.

Model 2: Adjusted for Model 1 + adjusted for smoking status, pack-years of smoking, height, LDL cholesterol, and peripheral artery disease.
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Table 4

Hazard Ratios and 95% Confidence Intervals for Incident, Clinical Abdominal Aortic Aneurysm According to 

Number of Metabolic Syndrome Components in Participants with or without Diabetes Mellitus, ARIC, 1987–

2011 (n=13,763).

Number of metabolic syndrome components other than abnormal glucose metabolism

0–1 2 3 4

Without diabetes mellitus

 Participants, n 6.928 3,285 1,633 530

 Person-years 143,625 65,690 31,778 10,051

 Cases, n 225 125 95 40

  Model 1 1 1.16 (0.93–1.44) 1.61 (1.27–2.05) 1.99 (1.42–2.79)

  Model 2 1 1.10 (0.89–1.37) 1.47 (1.16–1.87) 1.89 (1.35–2.65)

With diabetes mellitus

 Participants, n 293 455 411 228

 Person-years 5,487 8,120 6,697 3,606

 Cases, n 4 6 16 7

  Model 1 0.38 (0.14–1.02) 0.46 (0.20–1.03) 1.33 (0.80–2.21) 1.09 (0.51–2.31)

  Model 2 0.34 (0.13–0.92) 0.51 (0.23–1.15) 1.21 (0.73–2.01) 1.20 (0.56–2.55)

Model 1: Adjusted for age, sex, and race/ARIC field center.

Model 2: Adjusted for Model 1 + height, smoking status, pack-years of smoking, LDL cholesterol and peripheral artery disease.
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