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The often asymptomatic disease abdominal aortic aneu-
rysm (AAA) occurs in 1.7% to 4.5% of men above the 

age of 65,1–3 and in 0.5% to 1.3% of women in the same age 
group.4,5 Ultrasound-based screening and preventive surgery 
has been shown to be the most effective strategy to prevent 
rupture,6,7 a highly lethal event with an overall mortality risk 
of 70% before surgery and of 35% after surgery, according 
to contemporary data.8,9 The most established risk factors for 
AAA are advanced age, male sex, and smoking,1,10 and smok-
ing cessation intervention has been reported as the most effec-
tive way of decreasing expansion rate.11 Other modifiable risk 
factors for AAA development, such as diet, have scarcely been 
investigated.

Clinical Perspective on p 802
Growing evidence indicates that inflammation and oxida-

tive stress may play an important role in AAA pathophysiol-
ogy,12–17 and the redox balance facilitated by antioxidants has 
made them subject to speculation of having protective effects 
against AAA development.18 Fruits and vegetables are rich 
in antioxidants and thus could potentially reduce the risk to 
develop AAA. However, only 1 previous study has investi-
gated the association between fruit and vegetable consump-
tion and the risk of AAA.19 Although a combined consumption 
of fruits and vegetables was found to be inversely associated 

with AAA, that screening study did not report associations of 
fruits or vegetables separately, nor did they investigate the risk 
of rupture.

We evaluated the hypothesis that a high consumption of 
fruits and vegetables reduces the risk of AAA by examin-
ing the associations in 2 large population-based prospective 
cohorts of men and women from central Sweden. We further 
evaluated whether an association between fruit and vegetable 
consumption and risk of AAA differed by rupture status, or by 
specific fruits and vegetables.

Methods
Study Population
The study population consisted of women from the Swedish 
Mammography Cohort and men from the Cohort of Swedish Men. In 
brief, the Swedish Mammography Cohort was established between 
1987 and 1990 when 74% of all women (90 303), born 1914–1948, 
residing in central Sweden (Västmanland and Uppsala counties) 
responded to a questionnaire on diet, anthropometrics, and education. 
In the fall of 1997, 70% of all surviving participants (56 030) who still 
lived in the study area responded to an expanded questionnaire with 
96 food items accompanied by other lifestyle-related factors.

Simultaneously in 1997, the Cohort of Swedish Men was initi-
ated when 49% of all men (100 303), born 1918–1952, residing in 
central Sweden (Västmanland and Örebro counties) responded to 
a questionnaire identical (except for some sex-specific questions) 
to the Swedish Mammography Cohort 1997 questionnaire. Written 
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information to participants and a returned completed questionnaire 
was considered to imply informed consent.

Of the eligible 48 850 men and 39 227 women, we excluded 
those with the following characteristics: incorrect Personal Identity 
Number (a unique number identifying all Swedish citizens used for 
linkage of registers), previous diagnosis of AAA or cancer (except 
for nonmelanoma skin cancer; to avoid possible misclassification of 
exposure), implausible energy intake (±3 standard deviations [SDs] 
of the mean log-transformed energy), or missing data on fruit or vege-
table consumption. For final analyses, 44 317 men and 36 109 women 
remained. The study was approved by the regional Ethical Review 
Board at Karolinska Institutet (Stockholm, Sweden).

Ascertainment of AAA Cases and Follow-Up of  
the Cohorts
By linkage to the Swedish Inpatient Register and the Swedish 
National Cause of Death register, all individual discharges, or deaths, 
attributable to nonruptured (International Classification of Diseases, 
Tenth Revision: I71.4) and ruptured (International Classification 
of Diseases, Tenth Revision: I71.3) AAA were identified through 
December 2010. AAA repair was identified by using the Nordic 
Classification of Surgical Procedures (Nomesco). Although no spe-
cific validity assessment of AAA diagnosis or repair in the Swedish 
Inpatient Register has been performed, the national coverage has been 
nearly 100% since 198720 with a high validity in general.21 Surgical 
codes have been reported as incorrect in 2%, and missing in 5.3%, 
of the records.21 To classify aneurysmal localization and rupture sta-
tus of AAA repairs, we linked the cohorts to the Swedish National 
Registry for Vascular Surgery (the Swedvasc, founded in 1987, cov-
ering all Swedish hospitals with a vascular service since 1994 and 
93.1% of all AAA repairs in Sweden).22 A localization in the infra- or 
suprarenal abdominal aorta and the common or internal iliac arteries 
was considered as abdominal.

Hence, cases were defined by first-time events of either a discharge 
diagnosis code of, or repair attributable to, nonruptured and ruptured 
AAA; thus, all cases were identified by clinical events, not by general 
screening of the 2 cohorts.

Assessment of Fruit and Vegetable Consumption
Fruit and vegetable consumption was assessed by a 96-item food-
frequency questionnaire at baseline, 1997. The average frequency of 
consumption during the previous year was reported by the use of 8 
predefined frequency consumption categories, ranging from never 
to ≥3 times per day. After converting the responses to average daily 
consumption of each item, we summed the daily average consump-
tion of all individual fruits (n=5) and vegetables (n=12) to estimate 
the average daily consumption of total fruits and total vegetables. 
The Spearman correlation coefficients between the food-frequency 
questionnaire and four 1-week weighted diet records ranged from 0.6 
(apples, pears) to 0.7 (oranges, other citrus fruits) for fruits and from 
0.4 (tomatoes) to 0.6 (spinach) for vegetables (A. Wolk, unpublished 
data, 1992).

Assessment of Covariates
The 1997 questionnaire solicited information on education, alcohol 
consumption, diet, physical activity, waist circumference, and smok-
ing status, duration and number of cigarettes smoked per day dur-
ing different periods in life, as well. Energy intake was calculated 
by the use of food composition data from the Swedish National 
Food Administration.23 History of cardiovascular disease, diabe-
tes mellitus, hypertension, and hypercholesterolemia was obtained 
from the Swedish Inpatient Register and the Swedish National 
Diabetes Register and supplemented with self-reported data from the 
questionnaire.

Statistical Analysis
Cox proportional hazards regression models were used to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for the 

associations of daily fruit and vegetable consumption with the risk of 
AAA. Participants accrued follow-up time from January 1, 1998 until 
the date of diagnosis or repair of AAA, death, or December 31, 2010, 
whichever occurred first.

Fruit and vegetable consumption was categorized according to the 
quartile distribution of daily consumption in the study population and 
included simultaneously in all models. Probability values for linear 
trends were obtained by treating fruit and vegetable consumption as 
continuous variables after assigning each quartile of consumption 
its median value. Because the rate of AAA increased with age in a 
nonlinear fashion, we flexibly modeled age by using restricted cubic 
splines. As a proxy for central adiposity, owing to previous findings 
in these cohorts,24 we adjusted for waist circumference (World Health 
Organization classification,25 <80, 80 to <88, or ≥88 cm for women; 
<94, 94 to <102, or ≥102 cm for men), and not for body mass index. 
Further adjustments were made for education (primary school, high 
school, university), smoking status (current or past smokers with  
<20 or ≥20 pack-years smoked; never smokers), sex-specific quar-
tiles of alcohol consumption (g/wk) and total energy intake (kcal/d), 
physical activity (<20; 20–40; >40 minutes of walking or bicycling 
per day), fish consumption (<1; 1–2; 2–3; >3 servings/wk), quartiles 
of meat (servings/d) and whole grains (servings/d) consumption, 
whereas diabetes mellitus, hypertension, hypercholesterolemia, and 
cardiovascular diseases (angina, myocardial infarction, ischemic 
stroke, or heart failure) were modeled as binary variables. Indicator 
variables were used to identify missing data; however, results did not 
change when complete case analyses were performed. Furthermore, 
subanalyses by AAA rupture status, and by specific fruits and veg-
etables (servings/wk, continuously), were performed. The assump-
tion of proportional hazard for fruit or vegetable consumption was 
not violated when scaled Schoenfeld residuals were regressed against 
survival time.

Dose–response relationships between fruit and vegetable consump-
tion and risk of nonruptured and ruptured AAA were investigated by 
modeling the quantitative exposure with restricted cubic splines with 
3 knots at fixed percentiles (10th, 50th, and 90th) of the distribution.26 
The coefficients of the second spline transformation equal to zero 
were tested to obtain probability values for nonlinearity. Furthermore, 
because cigarette smoking increases oxidative stress,27 we stratified 
our results on smoking status, additionally adjusting for numbers of 
pack-years smoked (continuously) among past and current smokers.

We used the likelihood ratio test to test statistical significance of 
the interaction between fruit and vegetable consumption and history 
of cardiovascular disease (CVD), sex, and smoking status as potential 
effect modifiers. Sensitivity analyses were performed by restricting 
the outcome to repair of nonruptured AAA, which is most commonly 
performed electively (occasionally emergent if impending rupture 
is suspected) because of the diameter exceeding 55 mm in men and  
50 mm in women. Furthermore, because CVD diagnoses are more 
prevalent, potentially increasing the likelihood of undergoing exam-
inations that detect AAA, among low consumers of fruit and vegeta-
bles, we conducted sensitivity analyses by restricting the analyses to 
individuals without CVD at baseline, and further by censoring those 
who developed CVD during follow-up. In addition, a sensitivity 
analysis was performed by excluding the first 3 years of follow-up 
to account for dietary consumption being secondary to preclinical 
or chronic disease. To account for a potentially decreased longevity 
among low consumers of fruits and vegetables, reducing the time 
at risk of AAA, a competing risk analysis was performed with all-
cause mortality as the competing risk. Statistical analyses were per-
formed with Stata version 12.1 (StataCorp, TX). All statistical tests 
were 2-sided, and P values of <0.05 were considered statistically 
significant.

Results
During 13 years of follow-up (1998–2010; 960 024 person-
years), 1086 primary cases (899 in men, 82.8%) of AAA (222 
ruptured [181 in men, 81.5%]) were identified. Mean age for 
nonruptured AAA was 73.9 (SD 7.0) among men and 76.2 
(SD 7.1) among women; corresponding mean age for ruptured 
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AAA was 75.9 (SD 8.1) and 78.5 (SD 6.9) among men and 
women, respectively.

The sex-specific distribution of baseline characteristics 
according to quartiles of daily fruit and vegetable consump-
tion are presented in Tables 1 and 2. Men and women with 
a high consumption of fruit and vegetables had higher edu-
cational level, consumed more fish, meat, and whole grains, 
were more likely to be leaner and physically active, and were 
less likely to be current smokers. Moreover, high consumers 
of fruits tended to consume less alcohol, whereas the inverse 
applied for high consumers of vegetables. The most com-
monly consumed fruits and vegetables were apples and pears, 
bananas, oranges and other citrus fruits, tomatoes and tomato 
juice, lettuce and leafy greens, carrots, and onions (see foot-
notes to Tables 1 and 2).

Total and sex-specific associations of quartiles of fruit 
and vegetable consumption with risk of AAA are shown in 
Table 3. The risk of AAA decreased with increasing consump-
tion of fruit (P for linear trend=0.003), whereas no significant 
association was observed for vegetable consumption. Among 
women and men combined, in comparison with those in the 
lowest quartile of fruit consumption (<0.7 servings/d), those 
in the highest quartile (>2.0 servings/d) had a 42% (95% CI, 
30%–52%) lower risk of AAA when adjusting for age and 
sex only. After adjustments for other potential confounders, 
there was a 25% (95% CI, 9%–38%) lower risk of AAA for 
those in the highest than in those in the lowest quartile of fruit 
consumption. The main confounder was smoking. Removing 

smoking from the multivariable model resulted in an HR of 
0.60 (95% CI, 0.49–0.73), for the highest versus the lowest 
quartile of fruit consumption. There was no evidence of inter-
action between sex and consumption of fruits (P for interac-
tion=0.79) or vegetables (P for interaction=0.98) with risk of 
AAA. The HR of AAA comparing the highest quartile of fruit 
consumption with the lowest was decreased by 21% (95% 
CI, 1%–36%) among men, and 29% (95% CI, −11% to 55%) 
among women. In subanalyses of specific fruits and vegeta-
bles, no item was significantly associated with AAA risk. For 
example, the HRs of AAA for every 3 additional servings per 
week were 0.93 (95% CI, 0.85–1.00) for apples and pears, and 
0.90 (95% CI, 0.80–1.01) for bananas.

Subanalyses by rupture status for the associations of quar-
tiles of fruit consumption with AAA risk are presented in 
Table 4. Among those in the highest compared with the lowest 
quartile of fruit consumption, the HR of nonruptured AAA 
was nonsignificantly decreased by 19% (95% CI, −1% to 
35%), and the risk of ruptured AAA was decreased by 43% 
(95% CI, 11%–64%). There was no evidence of an interaction 
between fruit consumption and sex with risk of nonruptured 
(P for interaction=0.28) or ruptured (P for interaction=0.54) 
AAA. Vegetable consumption was not associated with risk of 
nonruptured or ruptured AAA (data not shown).

We next modeled fruit consumption with risk of nonrup-
tured (Figure, A) and ruptured (Figure, B) AAA with the use 
of restricted cubic splines. The rate of change in the risk of 
nonruptured AAA seemed to decrease with fruit consumption 

Table 1. Sex-Specific Distribution of Baseline Characteristics by Quartiles of Fruit Consumption

Quartiles of Fruit Consumption, servings/d*

Cohort of Swedish Men Swedish Mammography Cohort

Characteristics <0.7 0.7–1.2 1.3–2.0 >2.0 <0.7 0.7–1.2 1.3–2.0 >2.0

No. of subjects 14 314 12 248 9850 7905 6144 8076 9891 11 998

Age, y (SD) 59.4 (9.7) 59.9 (9.7) 60.6 (9.6) 61.4 (9.6) 62.3 (9.6) 61.9 (9.3) 61.7 (9.1) 61.4 (9.0)

Educational level: university, % 13.5 16.5 18.3 19.5 14.1 17.5 19.6 22.1

Waist circumference, cm 96.6 95.9 95.7 95.6 84.2 84.0 83.4 83.1

Current smokers, % 32.1 23.6 18.8 17.6 31.7 20.8 16.1 13.2

Pack-years of smoking 23.5 20.3 18.9 18.2 18.0 15.1 14.2 13.3

Alcohol consumption. g/wk 109.5 93.9 89.7 86.8 38.3 36.4 36.0 34.1

Physical activity (>40 min/d), % 25.4 29.7 31.8 35.8 26.7 30.2 33.1 37.9

Energy intake, kcal/d 2442 2633 2777 3017 1519 1627 1746 1926

Fish consumption,† servings/wk 1.7 1.9 2.1 2.3 1.9 2.0 2.2 2.4

Meat consumption,‡ servings/d 1.2 1.3 1.3 1.4 1.0 1.1 1.1 1.1

Wholegrain consumption,§ servings/d 3.8 4.2 4.6 5.0 3.2 3.5 3.8 4.1

Diabetes mellitus, % 10.0 9.4 9.9 9.8 5.2 5.2 4.5 4.8

Hypertension, % 26.0 25.6 24.2 25.1 22.4 21.7 22.0 22.0

Hypercholesterolemia, % 16.8 16.6 16.3 16.1 8.2 8.4 8.7 9.2

Cardiovascular diseases,║ % 12.4 11.7 11.7 12.1 6.8 6.3 6.3 5.9

Values are means unless otherwise indicated. All values (except age) were age-standardized according to the sex-specific distribution of age in seven 5-year 
categories of the study population. SD indicates standard deviation.

*Fruits (mean, servings/wk) include oranges and other citrus fruits (2.0), apples and pears (3.9), bananas (2.6), berries (1.3), and other fruits (1.7).
†Fish includes herring, salmon, and codfish.
‡Meat includes sausage, black pudding, liver paste, ham, meatballs, pork, veal, and kidney.
§Whole grains include hard bread, whole meal, oatmeal, gruel, flakes, and wheat bran.
║History of cardiovascular diseases includes angina pectoris, myocardial infarction, ischemic stroke, and heart failure.
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up to ≈2 daily servings of fruit, after which no further decrease 
was observed (P for nonlinearity=0.004). The risk of ruptured 
AAA seemed to decrease in a linear fashion (P for nonlin-
earity=0.36) by 17% (95% CI, 3%–30%) for every additional 
daily serving of fruit. For 1, 2, and 3 daily servings of fruit, 
in comparison with no consumption, the HR of nonruptured 
AAA was decreased by 24% (95% CI, 9%–37%), 31% (95% 
CI, 11%–47%), and 27% (95% CI, 6%–43%), respectively. 
Corresponding risk reduction of ruptured AAA was 27% 
(95% CI, −5% to 49%), 39% (95% CI, 1%–63%), and 44% 
(95% CI, 7%–66%), respectively.

We observed no evidence of an interaction between fruit 
consumption and smoking status (never, past, or current 
smoker) in relation to risk of nonruptured or ruptured AAA 
(P for interaction=0.34 and 0.24, respectively) in a model in 
which pack-years smoked was added as a continuous covari-
ate. In stratified analysis, the HRs of ruptured AAA in the 
highest versus the lowest quartile of fruit consumption was 
1.02 (95% CI, 0.39–2.70) among never smokers, 0.42 (95% 
CI, 0.19–0.94) among past smokers, and 0.39 (95% CI,  
0.17–0.94) among current smokers. The crude incidence of 
ruptured AAA among never, past, and current smokers was 
10, 30, and 40 events per 100 000 person-years, respectively.

In a sensitivity analysis with repair of nonruptured AAA 
as outcome (n=271), the HR of AAA for the highest in com-
parison with the lowest quartile of fruit consumption was 0.60 
(95% CI, 0.39–0.91), which is similar to the subanalyses of 

ruptured AAA. When restricting the analyses to individu-
als without CVD at baseline, results did not change and the 
HR of AAA was 0.74 (95% CI, 0.58–0.93) for the highest 
in comparison with the lowest quartile of fruit consumption. 
Furthermore, there was no evidence of an interaction with 
CVD (P for interaction=0.50). The associations of AAA risk 
in the highest in comparison with the lowest quartile of fruit 
consumption did not change substantially when restricting the 
analysis to individuals without CVD at baseline and censoring 
those who developed CVD during follow-up (HR, 0.67; 95% 
CI, 0.51–0.90). The multivariable HRs of AAA for the highest 
in comparison with the lowest quartile of fruit consumption 
was not affected when excluding the first 3 years of follow-up 
(HR, 0.74; 95% CI, 0.60–0.91). Finally, competing risk analy-
ses with all-cause mortality as competing risk did not yield 
any changes of acquired results, and the HR of AAA was 0.76 
(95% CI, 0.62–0.92) for the highest versus the lowest quartile 
of fruit consumption.

Discussion
In this prospective population-based cohort study, consump-
tion of fruit but not vegetables was inversely associated with 
risk of AAA. The reduction in risk associated with AAA was 
more pronounced for ruptured than nonruptured AAA. This is 
the first prospective study to report associations of fruit and 
vegetable consumption separately with risk of nonruptured 
and ruptured AAA.

Table 2. Sex-Specific Distribution of Baseline Characteristics by Quartiles of Vegetable Consumption

Quartiles of Vegetable Consumption, servings/d*

Cohort of Swedish Men Swedish Mammography Cohort

Characteristics <1.4 1.4–2.2 2.3–3.3 >3.3 <1.4 1.4–2.2 2.3–3.3 >3.3

No. of subjects 13 736 11 994 10 258 8329 6426 8232 9734 11 717

Age, y (SD) 61.5 (9.8) 59.7 (9.6) 59.4 (9.5) 59.5 (9.6) 64.8 (9.6) 62.4 (9.2) 61.0 (8.9) 60.2 (8.8)

Educational level: university, % 9.8 15.1 20.0 24.3 9.7 15.9 20.2 24.3

Waist circumference, cm 96.7 95.8 95.7 95.6 84.6 83.7 83.3 83.0

Current smokers, % 29.8 23.6 21.2 19.9 25.7 20.2 17.6 15.8

Pack-years of smoking 22.7 20.5 19.8 19.6 16.8 15.3 14.7 14.0

Alcohol consumption, g/wk 91.1 96.3 99.5 103.9 27.6 33.9 37.6 39.9

Physical activity (>40 min/d), % 25.9 30.5 32.2 33.6 27.8 30.2 34.0 37.5

Energy intake, kcal/d 2480 2638 2739 2961 1521 1659 1748 1919

Fish consumption,† servings/wk 1.6 1.9 2.1 2.6 1.6 1.9 2.2 2.7

Meat consumption,‡ servings/d 1.1 1.3 1.3 1.5 0.9 1.0 1.1 1.2

Whole grain consumption,§ servings/d 3.8 4.3 4.5 4.8 3.2 3.5 3.8 4.1

Diabetes mellitus, % 10.4 8.8 9.1 10.5 4.9 4.4 4.5 5.5

Hypertension, % 26.5 24.7 24.0 25.4 21.4 22.2 22.1 22.0

Hypercholesterolemia, % 16.5 16.3 16.7 16.3 8.7 8.5 8.9 8.9

Cardiovascular diseases,║ % 12.2 11.7 12.1 12.2 6.6 6.3 5.8 6.2

Values are means unless otherwise indicated. All values (except age) were age-standardized according to the sex-specific distribution of age in seven 5-year 
categories of the study population. SD indicates standard deviation.

*Vegetables (mean, servings/wk) include carrots (2.6), beets (0.8), lettuce and leafy greens (2.9), cabbage (1.5), cauliflower (0.7), broccoli and Brussels sprouts (0.7), 
tomatoes and tomato juice (3.5), peppers (1.8), spinach (0.5), onions and leek (2.4), garlic (1.2), and green peas (1.1).

†Fish includes herring, salmon, and codfish.
‡Meat includes sausage, black pudding, liver paste, ham, meatballs, pork, veal, and kidney.
§Whole grains include hard bread, whole meal, oatmeal, gruel, flakes, and wheat bran.
║History of cardiovascular diseases includes angina pectoris, myocardial infarction, ischemic stroke, and heart failure.
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Oxidative stress, an imbalance in the production and reduc-
tion of reactive oxygen species and reactive nitrogen species 
has been observed to promote inflammation, a fundamental 
process in AAA pathophysiology.12,28 Furthermore, reactive 
oxygen species and reactive nitrogen species have been found 
to be increased in human AAA tissue13 and suggested to con-
tribute to AAA formation through smooth muscle cell apop-
tosis,14–16 matrix proteolysis,17 increased mechanical forces 
attributable to hypertension,29 and the recruitment of cyto-
kines and other proinflammatory cells.30,31

Antioxidants have the potential to reduce oxidative stress, 
and, although no randomized trials have investigated the effect 
of such treatment on AAA development,18 it is biologically 
plausible that an antioxidant regimen through dietary intake 
could reduce the risk of developing AAA.

The absence of an inverse association between vegetables 
and AAA risk in the present study was therefore somewhat 
unexpected, because both fruit and vegetables are rich in 

antioxidants. A possible explanation may be the different 
types of antioxidants found in fruits and vegetables that could 
have more or less effect on oxidative stress in the aortic wall. 
For instance, fruits are rich in flavonoids such as procyanidins, 
of which vegetables contain barely any.32,33 Procyanidins have 
recently been shown to inhibit the reactive oxygen species–
generating enzyme NADPH oxidase activity in human endo-
thelial cells of in vitro and ex vivo models.34

Indeed, NADPH oxidase has been suggested to play a role 
in the pathogenesis of AAA in animal models,35 possibly in 
humans,13 and as a potential target for AAA treatment.18

Smoking increases oxidative stress,27 which could explain 
a possibly stronger association of fruit consumption with 
ruptured AAA among past and current smokers, whereas 
the more optimal redox balance among never smokers might 
explain the absence of significant findings in this group. It has 
also been suggested that the hemodynamic forces present in 
infrarenal AAA alone might further increase reactive oxygen 

Table 3. Associations of Fruit and Vegetable Consumption With Risk of Abdominal Aortic Aneurysm

Quartiles of Consumption

1 2 3 4 P for Trend

Fruit, servings/d (median) <0.7 (0.4) 0.7–1.2 (1.0) 1.3–2.0 (1.6) >2.0 (2.8)

Total

  Cases/person-years 401/240 443 287/242 147 215/237 143 183/240 291

  Model 1, HR (95% CI)* 1 (Reference) 0.76 (0.65–0.89) 0.62 (0.52–0.74) 0.58 (0.48–0.70) <0.001

  Model 2, HR (95% CI)† 1 (Reference) 0.88 (0.75–1.03) 0.79 (0.67–0.95) 0.75 (0.62–0.91) 0.003

Men

  Cases/person-years 351/167 272 241/144 442 169/116 509 138/92 694

  Model 1, HR (95% CI)* 1 (Reference) 0.77 (0.65–0.91) 0.64 (0.53–0.77) 0.62 (0.50–0.77) <0.001

  Model 2, HR (95% CI)† 1 (Reference) 0.88 (0.74–1.04) 0.80 (0.65–0.97) 0.79 (0.64–0.99) 0.026

Women

  Cases/person-years 50/73 171 46/97 705 46/120 633 45/147 597

  Model 1, HR (95% CI)* 1 (Reference) 0.69 (0.46–1.04) 0.55 (0.36–0.84) 0.44 (0.28–0.68) <0.001

  Model 2, HR (95% CI)† 1 (Reference) 0.93 (0.62–1.40) 0.85 (0.56–1.31) 0.71 (0.45–1.11) 0.12

 Vegetables, servings/d (median) <1.4 (1.0) 1.4–2.2 (1.8) 2.3–3.3 (2.8) >3.3 (4.3)

Total

  Cases/person-years 384/232 152 273/241 770 222/242 403 207/243 698

  Model 1, HR (95% CI)* 1 (Reference) 0.90 (0.77–1.05) 0.87 (0.74–1.04) 0.99 (0.82–1.19) 0.51

  Model 2, HR (95% CI)† 1 (Reference) 0.96 (0.81–1.12) 0.98 (0.82–1.17) 1.11 (0.92–1.35) 0.39

Men

  Cases/person-years 339/157 239 230/142 005 175/122 650 155/99 024

  Model 1, HR (95% CI)* 1 (Reference) 0.89 (0.75–1.06) 0.84 (0.70–1.02) 0.97 (0.79–1.20) 0.33

  Model 2, HR (95% CI)† 1 (Reference) 0.93 (0.78–1.10) 0.92 (0.76–1.12) 1.07 (0.86–1.32) 0.84

Women

  Cases/person-years 45/74 913 43/99 765 47/119 753 52/144 675

  Model 1, HR (95% CI)* 1 (Reference) 0.94 (0.62–1.44) 1.06 (0.69–1.63) 1.14 (0.74–1.77) 0.51

  Model 2, HR (95% CI)† 1 (Reference) 1.12 (0.72–1.72) 1.33 (0.85–2.07) 1.44 (0.91–2.26) 0.09

AAA indicates abdominal aortic aneurysm; CI, confidence interval; and HR, hazard ratio.
*Stratified by sex and adjusted for age by the use of restricted cubic splines. Fruit and vegetables were included simultaneously in the model.
†As in model 1 and additionally adjusted for educational level (primary school, high school, university), waist circumference (<80 cm, 80 to <88 cm, or ≥88 cm for 

women; and <94 cm, 94 to <102 cm, or ≥102 cm for men), smoking (current/past smokers with </≥20 pack-years, never smokers), sex-specific quartiles of alcohol 
consumption (g/wk) and energy intake (kcal/d), physical activity (<20; 20–40; >40 min/d), fish consumption (<1; 1–2; 2–3; >3 servings/wk), quartiles of meat and 
whole grain consumption (servings/d), and dichotomous for diabetes mellitus, hypertension, hypercholesterolemia, and cardiovascular diseases (history of angina 
pectoris, myocardial infarction, ischemic stroke, or heart failure).
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species production,36 serving as a possible explanation for the 
additional benefits of increased fruit consumption observed 
on the risk of ruptured AAA and repair of nonruptured AAA. 
However, the observational nature of this study does just 
allow for speculative explanations to observed results, and the 
assemblage of bioactive phytochemicals contained in fruits 
and vegetables probably could have many more effects on 
vascular disease than just oxidative stress.

Although the null findings of total vegetable consump-
tion with risk of AAA in this study may seem surprising, the 
results are highly consistent with previous research on car-
diovascular-related morbidity such as CVD,37 stroke,38,39 and 
peripheral artery disease,40 which has shown none to small 
inverse associations with vegetable consumption. No previous 

study has reported results separately for fruit and vegetable 
consumption in relation to AAA risk; however, 1 study has 
investigated the association with a combined consumption 
of fruit and vegetables.19 In that study, estimates for several 
categories of consumption (daily, 4–5 and 2–3 servings/wk, 
and 2–4 servings/mo) were only age-adjusted, whereas, in the 
multivariable adjusted model, combined fruit and vegetable 
consumption was dichotomized into >3 or <3 times per week. 
In this study population, however, only 543 participants had 
a combined consumption less than that level. Although the 
study by Kent et al19 is unique in being performed on a very 
large number of participants (3.1 million from the Life Line 
Screening), its value for etiologic research is somewhat lim-
ited by the fact that it has a cross-sectional design.

Table 4. Associations of Fruit Consumption With Risk of Abdominal Aortic Aneurysm by Rupture Status

Quartiles of Consumption

1 2 3 4 P for Trend

Fruit, servings/d (median) <0.7 (0.4) 0.7–1.2 (1.0) 1.3–2.0 (1.6) >2.0 (2.8)

Nonruptured AAA

  Cases/person-years 312/240 443 224/242 147 176/237 143 152/240 291

  Model 1, HR (95% CI)* 1 (Reference) 0.76 (0.64–0.90) 0.65 (0.53–0.78) 0.60 (0.49–0.75) <0.001

  Model 2, HR (95% CI)† 1 (Reference) 0.88 (0.74–1.05) 0.84 (0.69–1.02) 0.81 (0.65–1.01) 0.060

Ruptured AAA

  Cases/person-years 89/240 443 63/242 147 39/237 143 31/240 291

  Model 1, HR (95% CI)* 1 (Reference) 0.77 (0.56–1.08) 0.54 (0.36–0.80) 0.48 (0.31–0.74) <0.001

  Model 2, HR (95% CI)† 1 (Reference) 0.87 (0.63–1.22) 0.65 (0.44–0.97) 0.57 (0.36–0.89) 0.007

AAA indicates abdominal aortic aneurysm; CI, confidence interval; and HR, hazard ratio.
*Stratified by sex and adjusted for age by the use of restricted cubic splines.
†As in model 1 and additionally adjusted for educational level (primary school, high school, university), waist circumference (<80 cm, 80 to <88 cm, or ≥88 cm for 

women; and <94 cm, 94 to <102 cm, or ≥102 cm for men), smoking (current/past smokers with </≥ 20 pack-years, never smokers), sex-specific quartiles of alcohol 
consumption (g/wk) and energy intake (kcal/d), physical activity (<20; 20–40; >40 min/d), fish consumption (<1; 1–2; 2–3; >3 servings/wk), quartiles of vegetable, 
meat, and whole grain consumption (servings/d), and dichotomous for diabetes mellitus, hypertension, hypercholesterolemia, and cardiovascular diseases (history of 
angina pectoris, myocardial infarction, ischemic stroke, or heart failure).

Figure. Adjusted hazard ratio of nonruptured (A) and ruptured (B) abdominal aortic aneurysm (AAA), associated with daily consumption 
of fruit among 44 317 men in the Cohort of Swedish Men and 36 109 women in the Swedish Mammography Cohort, 1998–2010. Data 
were fitted by the use of a Cox proportional hazards model with restricted cubic splines with 3 knots (0.35, 1.2, and 3.0 servings/d) of the 
distribution of fruit consumption. Estimates were adjusted for the same variables as model 2 in Table 4. Probability values for nonlinearity 
were 0.004 and 0.36 for nonruptured and ruptured AAA, respectively. Dashed lines represent 95% confidence limits. Zero daily servings 
served as reference. The vertical axis is on a log scale. Tick marks represent the positions of nonruptured (A) and ruptured (B) AAA cases. 
The histogram represents the percentage distribution of daily fruit servings (by steps of 0.5 daily servings) in the study population.
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The strengths of the present study are the prospective 
design, its population-based large sample size, the complete-
ness in register-based case ascertainment, and the detailed 
information on diet and potential confounders. Furthermore, 
there were no appreciable changes of results when conducting 
sensitivity analyses confined to CVD-free individuals, censor-
ing of CVD during follow-up, exclusion of the first 3 years 
of follow-up, or in competing risk analyses. Additionally, 
limiting the possible influence of genetic variance in AAA 
development, the studied population was ethnically rather 
homogenous.

There are also limitations to this study. Data on fruit and 
vegetable consumption were collected by the use of a self-
administered food-frequency questionnaire, which is likely to 
be affected by some degree of misclassification and may, fur-
thermore, have changed during the follow-up time. Because of 
the prospective design, such potential sources of bias would, 
however, be nondifferential according to outcome status and 
most likely dilute any true associations. Moreover, a routine 
investigation of the aorta in these cohorts was not performed. 
Hence, the presence of asymptomatic AAA among partici-
pants not classified as cases cannot be ruled out. Contemporary 
screening studies have reported a prevalence of AAA among 
65-year-old men in the study area of 2.2%.1 However, the 
prevalence of AAA over 55 mm, requiring surgery, was only 
0.1%, and even less among women.5 Such marginal underde-
tection of asymptomatic, clinically relevant AAA would most 
likely not affect HR estimates substantially. Furthermore, sub-
analyses of rupture as outcome are most likely not affected by 
underdetection.

In conclusion, these results showed that a consumption of 
fruit, but not vegetables, was associated with a decreased risk 
of AAA, and that this reduction in risk was even more pro-
nounced for the risk of ruptured AAA. A diet high in fruits 
may help to prevent many vascular diseases, and this study 
provides evidence that a lower risk of AAA will be among 
the benefits.

Sources of Funding
This work was supported by research grants from the Swedish 
Research Council/Committee for Infrastructure, and the Board of 
Research at Karolinska Institutet (Distinguished Professor Award; 
to Dr Wolk). Further support was given by the Swedish Research 
Council, grant K2013-64X-20406-07-3 (to Dr Björck); and by a 
Research Fellow grant from Karolinska Institutet (to Dr Larsson).

Disclosures
None.

References
 1. Svensjö S, Björck M, Gürtelschmid M, Djavani Gidlund K, Hellberg  A, 

Wanhainen A. Low prevalence of abdominal aortic aneurysm among 
65-year-old Swedish men indicates a change in the epidemiology of the 
disease. Circulation. 2011;124:1118–1123.

 2. McCarthy RJ, Shaw E, Whyman MR, Earnshaw JJ, Poskitt KR, 
Heather BP. Recommendations for screening intervals for small aortic 
aneurysms. Br J Surg. 2003;90:821–826.

 3. Chichester Aneurysm Screening Group; Viborg Aneurysm Screening 
Study; Western Australian Abdominal Aortic Aneurysm Program; 
Multicentre Aneurysm Screening Study. A comparative study of the preva-
lence of abdominal aortic aneurysms in the United Kingdom, Denmark, 
and Australia. J Med Screen. 2001;8:46–50.

 4. Scott RA, Bridgewater SG, Ashton HA. Randomized clinical trial 
of screening for abdominal aortic aneurysm in women. Br J Surg. 
2002;89:283–285.

 5. Svensjö S, Björck M, Wanhainen A. Current prevalence of abdominal aor-
tic aneurysm in 70-year-old women. Br J Surg. 2013;100:367–372.

 6. Lindholt JS, Juul S, Fasting H, Henneberg EW. Screening for abdomi-
nal aortic aneurysms: single centre randomised controlled trial. BMJ. 
2005;330:750.

 7. Thompson SG, Ashton HA, Gao L, Buxton MJ, Scott RA. Final follow-up 
of the Multicentre Aneurysm Screening Study (MASS) randomized trial 
of abdominal aortic aneurysm screening. Br J Surg. 2012;99:1649–1656.

 8. Wanhainen A, Bylund N, Björck M. Outcome after abdominal aortic aneu-
rysm repair in Sweden 1994-2005. Br J Surg. 2008;95:564–570.

 9. Acosta S, Ogren M, Bengtsson H, Bergqvist D, Lindblad B, Zdanowski 
Z. Increasing incidence of ruptured abdominal aortic aneurysm: a popula-
tion-based study. J Vasc Surg. 2006;44:237–243.

 10. Nordon IM, Hinchliffe RJ, Loftus IM, Thompson MM. Pathophysiology 
and epidemiology of abdominal aortic aneurysms. Nat Rev Cardiol. 
2011;8:92–102.

 11. MacSweeney ST, Ellis M, Worrell PC, Greenhalgh RM, Powell JT. 
Smoking and growth rate of small abdominal aortic aneurysms. Lancet. 
1994;344:651–652.

 12. Shah PK. Inflammation, metalloproteinases, and increased proteolysis: an 
emerging pathophysiological paradigm in aortic aneurysm. Circulation. 
1997;96:2115–2117.

 13. Miller FJ Jr, Sharp WJ, Fang X, Oberley LW, Oberley TD, Weintraub 
NL. Oxidative stress in human abdominal aortic aneurysms: a potential 
mediator of aneurysmal remodeling. Arterioscler Thromb Vasc Biol. 
2002;22:560–565.

 14. Henderson EL, Geng YJ, Sukhova GK, Whittemore AD, Knox J, Libby P. 
Death of smooth muscle cells and expression of mediators of apoptosis 
by T lymphocytes in human abdominal aortic aneurysms. Circulation. 
1999;99:96–104.

 15. Li WG, Miller FJ Jr, Zhang HJ, Spitz DR, Oberley LW, Weintraub NL. 
H(2)O(2)-induced O(2) production by a non-phagocytic NAD(P)H oxi-
dase causes oxidant injury. J Biol Chem. 2001;276:29251–29256.

 16. Li WG, Stoll LL, Rice JB, Xu SP, Miller FJ Jr, Chatterjee P, Hu L, Oberley 
LW, Spector AA, Weintraub NL. Activation of NAD(P)H oxidase by lipid 
hydroperoxides: mechanism of oxidant-mediated smooth muscle cytotox-
icity. Free Radic Biol Med. 2003;34:937–946.

 17. Rajagopalan S, Meng XP, Ramasamy S, Harrison DG, Galis ZS. Reactive 
oxygen species produced by macrophage-derived foam cells regulate the 
activity of vascular matrix metalloproteinases in vitro. Implications for 
atherosclerotic plaque stability. J Clin Invest. 1996;98:2572–2579.

 18. McCormick ML, Gavrila D, Weintraub NL. Role of oxidative stress in the 
pathogenesis of abdominal aortic aneurysms. Arterioscler Thromb Vasc 
Biol. 2007;27:461–469.

 19. Kent KC, Zwolak RM, Egorova NN, Riles TS, Manganaro A, 
Moskowitz AJ, Gelijns AC, Greco G. Analysis of risk factors for abdomi-
nal aortic aneurysm in a cohort of more than 3 million individuals. J Vasc 
Surg. 2010;52:539–548.

 20. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall 
C, Heurgren M, Olausson PO. External review and validation of the 
Swedish national inpatient register. BMC Public Health. 2011;11:450.

 21. Nilsson AC, Spetz CL, Carsjö K, Nightingale R, Smedby B. Reliability of 
the hospital registry. The diagnostic data are better than their reputation [in 
Swedish]. Lakartidningen. 1994;91:598, 603–598, 605.

 22. Troëng T, Malmstedt J, Björck M. External validation of the Swedvasc 
registry: a first-time individual cross-matching with the unique personal 
identity number. Eur J Vasc Endovasc Surg. 2008;36:705–712.

 23. Bergström L, Kylberg E, Hagman U. The food composition database 
KOST: the National Administration’s information system for nutritive val-
ues of food. Vår föda. 1991;43:439–447.

 24. Stackelberg O, Björck M, Sadr-Azodi O, Larsson SC, Orsini N, Wolk A. 
Obesity and abdominal aortic aneurysm. Br J Surg. 2013;100:360–366.

 25. Obesity: preventing and managing the global epidemic. Report of a WHO 
consultation. World Health Organ Tech Rep Ser. 2000;894:i–xii, 1–253.

 26. Orsini N, Greenland S. A procedure to tabulate and plot results after flex-
ible modeling of a quantitative covariate. Stata J. 2011;11:1–29.

 27. Morrow JD, Frei B, Longmire AW, Gaziano JM, Lynch SM, Shyr Y, 
Strauss WE, Oates JA, Roberts LJ 2nd. Increase in circulating products 
of lipid peroxidation (F2-isoprostanes) in smokers. Smoking as a cause of 
oxidative damage. N Engl J Med. 1995;332:1198–1203.

 28. Tegler G, Ericson K, Sörensen J, Björck M, Wanhainen A. Inflammation 
in the walls of asymptomatic abdominal aortic aneurysms is not associated 

 by guest on August 23, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


802  Circulation  August 20, 2013

with increased metabolic activity detectable by 18-fluorodeoxglucose pos-
itron-emission tomography. J Vasc Surg. 2012;56:802–807.

 29. Touyz RM. Reactive oxygen species, vascular oxidative stress, and redox 
signaling in hypertension: what is the clinical significance? Hypertension. 
2004;44:248–252.

 30. Marumo T, Schini-Kerth VB, Fisslthaler B, Busse R. Platelet-derived 
growth factor-stimulated superoxide anion production modulates activa-
tion of transcription factor NF-kappaB and expression of monocyte che-
moattractant protein 1 in human aortic smooth muscle cells. Circulation. 
1997;96:2361–2367.

 31. Kaplan M, Aviram M. Oxidized low density lipoprotein: atherogenic and 
proinflammatory characteristics during macrophage foam cell formation. 
An inhibitory role for nutritional antioxidants and serum paraoxonase. 
Clin Chem Lab Med. 1999;37:777–787.

 32. Rasmussen SE, Frederiksen H, Struntze Krogholm K, Poulsen L. Dietary 
proanthocyanidins: occurrence, dietary intake, bioavailability, and protec-
tion against cardiovascular disease. Mol Nutr Food Res. 2005;49:159–174.

 33. Gu L, Kelm MA, Hammerstone JF, Beecher G, Holden J, Haytowitz D, 
Gebhardt S, Prior RL. Concentrations of proanthocyanidins in common 
foods and estimations of normal consumption. J Nutr. 2004;134:613–617.

 34. Álvarez E, Rodiño-Janeiro BK, Jerez M, Ucieda-Somoza R, Núñez MJ,  
González-Juanatey JR. Procyanidins from grape pomace are suitable  

inhibitors of human endothelial NADPH oxidase. J Cell Biochem. 
2012;113:1386–1396.

 35. Yajima N, Masuda M, Miyazaki M, Nakajima N, Chien S, Shyy JY. 
Oxidative stress is involved in the development of experimental abdominal 
aortic aneurysm: a study of the transcription profile with complementary 
DNA microarray. J Vasc Surg. 2002;36:379–385.

 36. De Keulenaer GW, Chappell DC, Ishizaka N, Nerem RM, Alexander RW, 
Griendling KK. Oscillatory and steady laminar shear stress differentially 
affect human endothelial redox state: role of a superoxide-producing 
NADH oxidase. Circ Res. 1998;82:1094–1101.

 37. Hung HC, Joshipura KJ, Jiang R, Hu FB, Hunter D, Smith-Warner 
SA, Colditz GA, Rosner B, Spiegelman D, Willett WC. Fruit and veg-
etable intake and risk of major chronic disease. J Natl Cancer Inst. 
2004;96:1577–1584.

 38. He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consumption and 
stroke: meta-analysis of cohort studies. Lancet. 2006;367:320–326.

 39. Dauchet L, Amouyel P, Dallongeville J. Fruit and vegetable consump-
tion and risk of stroke: a meta-analysis of cohort studies. Neurology. 
2005;65:1193–1197.

 40. Hung HC, Merchant A, Willett W, Ascherio A, Rosner BA, Rimm E, 
Joshipura KJ. The association between fruit and vegetable consumption 
and peripheral arterial disease. Epidemiology. 2003;14:659–665.

CLINICAL PERSPECTIVE
Abdominal aortic aneurysm (AAA) is an understudied vascular entity, and there is a need to identify modifiable factors 
associated with the disease. Smoking is a crucial risk factor, and smoking cessation has been shown to be the most important 
intervention to reduce rupture risk and to postpone surgical intervention among AAA patients. In this prospective cohort of 
80 000 men and women, a high consumption of fruit, but not vegetables, was found to be associated with a decreased risk 
of developing AAA, especially ruptured AAA. Although the AAA cases were identified through high-quality registers, and 
not with general ultrasound screening of all participants, the pathophysiology is likely to be similar regardless the manner of 
detection. Further studies are needed to see whether a healthy diet could also decrease AAA growth rate among patients with 
screening-detected disease. In the meantime, “some apples a day seems to keep the surgeon away.”
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