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WHAT THIS STUDY ADDS

In this study of 81 704 men and women and 1 781 abdominal aortic aneurysm (AAA) cases, adherence to a
Mediterranean diet was inversely associated with AAA incidence. The associations were more pronounced in
women than in men, for ruptured vs. non-ruptured AAA and were especially strong among current and ex-
smokers with < 20 pack-years of smoking. A Mediterranean diet (characterised by high consumption of
fruits, vegetables, wholegrains, legumes, nuts, fermented dairy products, fish, use of olive and/or rapeseed oil;
moderate consumption of alcohol; and low consumption of processed and unprocessed red meat) may have
potential for prevention of AAA.
Objective: Smoking is a strong risk factor for the development of abdominal aortic aneurysm (AAA). It was
hypothesised that a Mediterranean diet via its anti-oxidative properties would decrease the risk of AAA,
particularly among smokers.
Methods: The study population included the Cohort of Swedish Men (45 072 men) and the Swedish
Mammography Cohort (36 632 women), aged 45 e 83 years at baseline. A modified Mediterranean Diet
(mMED) score, including eight food groups, was calculated based on a food frequency questionnaire. Cox
proportional hazard models were used to estimate hazard ratios (HRs) with 95% confidence intervals (CIs).
Results: During 17.5 years of follow up (1 427 841 person-years), 1 781 AAA cases (1 496 in men, 285 in women;
1 497 non-ruptured, 284 ruptured) were ascertained via Swedish registers. The mMED score was inversely
associated with AAA incidence in men (per each one point increment in mMED score HR 0.96, 95% CI 0.93 e
1.00) and in women (HR 0.83, 95% CI 0.77 e 0.90), for non-ruptured (HR 0.95, 95% CI 0.92 e 0.99; in men
with infrarenal aortic diameter � 30 mm HR 0.90, 95% CI 0.81 e 1.00) and for ruptured AAA (HR 0.81, 95%
CI 0.70 e 0.93). In current and ex-smokers with low (< 20) and moderate (20 e 39.9) pack-years of smoking,
a statistically significant inverse association was observed. HRs for each one point increment in the mMED
score in current smokers were 0.83 (95% CI 0.75 e 0.91) and 0.90 (95% CI 0.84 e 0.97), respectively; in ex-
smokers 0.89 (95% CI 0.81 e 0.97) and 0.93 (95% CI 0.85 e 1.01), respectively. No association was observed
among current or ex-smokers with � 40 pack-years; HRs 1.02 (95% CI 0.91 e 1.13) and 0.95 (95% CI 0.83 e
1.10), respectively.
Conclusion: Adherence to the Mediterranean diet was associated with a reduced AAA risk in current and ex-
smokers with low pack-years of smoking.
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INTRODUCTION

A dominant role in the aetiology of abdominal aortic
aneurysm (AAA) is attributed to oxidative stress and
inflammation,1 and cigarette smoking is a major risk fac-
tor.2,3 Among smokers who quit, the risk of developing AAA
becomes similar to that among never smokers 25 years
after smoking cessation.4 Current smoking has been
observed to be associated with a larger relative risk of AAA
among women, while smoking cessation halved the excess
risk twice as quickly among women than men (after 11
years in women and 23 years in men).5

Generally, the relationship between diet and AAA inci-
dence is understudied and there are currently no recom-
mendations regarding dietary primary prevention of AAA. In
the recently published European Society for Vascular Sur-
gery 2019 Clinical Practice Guidelines on the Management
of Abdominal Aorto-iliac Artery Aneurysms, dietary factors
are not addressed among risk factors for disease develop-
ment.3 When the optimal management of patients with
small AAAs is discussed in those Guidelines, dietary in-
terventions are not mentioned, and no data to suggest that
diet may inhibit growth are presented.3

A Mediterranean style diet is one of the well documented
healthy dietary patterns that may positively impact the
cardiovascular system6 through its antioxidative proper-
ties.7,8 However, while there have been many studies on the
Mediterranean diet and cardiovascular disease (CVD) inci-
dence,6 none have examined risk of abdominal aortic
aneurysm (AAA) in relation to Mediterranean diet adher-
ence. Up to now, a limited number of studies have exam-
ined associations only between individual foods that are
components of the Mediterranean diet and risk of AAA.

Based on these findings, it was hypothesised that adherence
to aMediterranean diet would be associated with reduced risk
of AAA and the observed riskwould vary by smoking status, the
main predictor of AAA risk and a strong contributor to oxidative
stress. Therefore, the aim of this study was to investigate the
association between adherence to theMediterranean diet and
risk of AAA (non-ruptured and ruptured) in two population
based prospective cohorts of men and of women. The study
also examined whether smoking status and smoking cessation
modified the observed associations.
METHODS

Study sample

The study population included women from the Swedish
Mammography Cohort (SMC) and men from the Cohort of
Swedish Men (COSM). The SMC was established in 1987 e
1990 when all women born in 1914 e 1949, who were
residing in Västmanland and Uppsala counties, were invited
to participate in a mammography screening programme and
to join the SMC. Of the invited women, 74% completed a
questionnaire about diet and other lifestyle factors. In late
1997, a second questionnaire containing a 96 item food
frequency questionnaire (FFQ) was sent to 56 030 alive
women from the SMC and 70% returned the questionnaire.
The COSM was established in late 1997 when all men
born in 1918 e 1952 who lived in Västmanland and Örebro
counties were invited to join the cohort. Of those men, 49%
completed a questionnaire identical to the SMC 1997
questionnaire (except for some sex specific questions).

The study was approved by the Regional Ethical Review
Board, Stockholm, Sweden. Completion and return of the
self-administered signed questionnaire was considered
informed consent to participate in the study.

Exclusions and follow up of the cohorts

Of the 48 850 men and 39 227 women who returned the
questionnaire in 1997, those with an incorrect or missing
personal identity number (297 men, 243 women), those
who died before the start of follow up on 1 January 1998
(61 men, 42 women), and those with prevalent AAA (140
men, 22 women) and prevalent cancers other than non-
melanoma skin cancer (2 709 men, 1 806 women) were
excluded. Participants with extreme energy intake (� 3
standard deviations [SDs] from the mean value of the loge
transformed estimates calculated separately by sex, 571
men and 482 women) were also excluded. After these ex-
clusions, 45 072 men and 36 632 women were included in
the analytical cohorts. Data collected from both cohorts in
the autumn of 1997 were included in all analyses. Partici-
pants were followed from 1 January 1998 (baseline) to the
date of diagnosis of AAA or AAA repair, death, or the end of
follow up (31 December 2018), whichever occurred first.

Assessment of diet

Self-reported food consumption was assessed using a vali-
dated 96 item FFQ in 1997.9 Participants reported how
often, on average, during the last year they had consumed
each food item by indicating one of eight predefined fre-
quency categories (ranging from “never” to “� 3 times/
day”). Energy intake was calculated by multiplying the fre-
quency of consumption by age and sex specific portion sizes
and by the energy content of each food item (obtained from
the Swedish Food Administration Database).10 In a valida-
tion study, comparing the FFQ to four one week weighted
diet records among 129 women from the SMC, the
Spearman correlation coefficients for the foods included in
the mMED score varied from 0.26 for minced red meat to
0.89 for red wine (Wolk A, unpublished data).

Adherence to the Mediterranean diet was assessed using
a previously developed mMED score,11 which is a version of
the score developed by Trichopoulou et al.12 adapted for
the Nordic diet. The mMED score is based on the frequency
of consumption of eight food groups: fruit and vegetables
(not including fruit juices and potatoes), wholegrain prod-
ucts, legumes and nuts, fermented dairy products, fish, red
meat (unprocessed and processed), use of olive and/or
rapeseed (canola) oil, and moderate alcohol consumption.
Consumption of each of the food groups with beneficial
health potential (fruit and vegetables, wholegrains, legumes
and nuts, fermented dairy, and fish) at or above median
(calculated separately in men and women) was scored as
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one point, while consumption below median was scored as
0 points. For red meat consumption, the reverse scoring (<
median was scored as 1) was applied. Missing values for
individual foods were set to no consumption. For olive and/
or rapeseed oil any consumption was assigned one point.
For alcohol consumption, moderate alcohol consumption
(for men 10e30 g/day ethanol and for women 5e15 g/day)
was scored as one point; higher or lower consumption was
scored as 0 points. The mMED score ranged from 0 to 8
points, with 0 indicating a diet with the lowest adherence to
the Mediterranean diet and 8 a diet with the highest
adherence.

Smoking status

Respondents were asked about smoking status including
history of smoking, age at which they started smoking,
average number of cigarettes smoked per day at different
ages (15e20, 21e30, 31e40, 41e50, and 51e60 years of
age and current age), and age of smoking cessation (if
applicable). Pack-years were calculated by multiplying the
number of years of smoking by the reported daily number
of cigarettes smoked within respective groups of ages.

Assessment of covariates

Information on education level, body weight and height,
time per day spent on walking and/or cycling, aspirin use,
history of hypercholesterolaemia, and family history of
myocardial infarction before 60 years of age were collected
through the questionnaire. History of diabetes was obtained
via linkage to the National Diabetes Register and to the
National Patient Register (ICD-10 codes: E10-E14), and his-
tory of hypertension via linkage to the National Patient
Register (ICD-10 code: I109), complemented by self-re-
ported data from the questionnaire. History of cardiovas-
cular diseases was obtained via linkage to the Swedish
Patient Registers and included ischaemic heart disease
(ICD10: I20-I25), heart failure (I50, I110), stroke (I60, I61,
I63, I64), and atrial fibrillation (I48). Information on statin
use was obtained from the National Swedish Registry of
Prescriptions and was available from 2006. Therefore, in
analyses that included this variable, a different follow up
period was used, namely 2006 e 2018.

Ascertainment of AAA

Linkage to the Swedish Inpatient Register and the Swedish
National Cause of Death Register was used to identify inci-
dent cases of AAA, AAA repair, and death caused by AAA using
the following International Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10), codes: non-
ruptured (ICD-10; I71.4) and ruptured (ICD-10; I71.3) aneu-
rysm of the abdominal aorta. The Swedish Inpatient Register,
a national register for administrative and epidemiological
purposes, was used to identify AAA repair using the
NOMESCO Classification of Surgical Procedures. AAA repair
was also identified using the Swedish National Registry for
Vascular Surgery (Swedvasc) with the integrated AAAmodule
included in that registry. Although no specific validity
assessment for AAA has been performed in the Swedish
Inpatient Register, it has a high validity in general13 and nearly
complete hospitalisation coverage of the Swedish population
since 1987.14,15 Surgical procedures have been reported as
incorrect in 2%, and missing in 5.3%, of the records.13 As the
NOMESCO classification only classifies type of procedure
performed, the Swedvasc provided further information on
rupture status and aneurysm repair localisation. The register,
founded in 1987, has covered all hospitals with a vascular
service in Sweden since 1994. The main purpose of this reg-
ister is quality improvement. In a recent independent inter-
national validation, the external validity was 98.8% for AAA
repair, that is, very few cases are missing.15

Analyses of a subcohort of 8 535 men from the COSM
who were screened for AAA during follow up as a part of
the national screening programme (between 65 and 75
years of age) was also performed using an infrarenal aortic
diameter � 30 mm as outcome.2,16 In the subcohort, 166
(1.9%) of men were classified as having AAA.
Statistical analysis

Data collected from both cohorts in 1997 were included in
statistical analyses. Cox proportional hazards regression
models were used to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) of total AAA as well as non-
ruptured and ruptured AAA separately. In analyses the
mMED score used was categorised as follows: 0e 1, 2e 3, 4
e 5, and 6 e 8 points. Multivariable HRs were adjusted for
age at the study baseline, sex, education, smoking status,
BMI, walking/cycling, history of diabetes, hypertension,
hypercholesterolaemia, and CVD, family history of myocar-
dial infarction, aspirin use, and energy intake. Because of the
role of statins in reduced risk of AAA development, a sensi-
tivity analysis was performed by additional adjustment of
models for statin use as well as results stratified by statin use.

Using regression scaled Schoenfeld residuals against sur-
vival time, the assumption of proportional hazard was tested,
and therewas no evidence of departure from the assumption.
The interactions on the multiplicative scale between cate-
gories of the mMED score and sex, and smoking status were
tested using a likelihood ratio test. Using a restricted cubic
spline regression analysis with three knots (at the 10th, 50th,
and 90th percentiles), the shape of associations between
mMED score and risk of AAA by pack-years of smoking and
between the score and non-ruptured and ruptured AAA by
sex were examined. Linear trends were assessed by including
the mMED score in the models as a continuous variable.

An association of mMED score in relation to infrarenal
aortic diameter � 30 mm measured during screening of the
subcohort of men was assessed using a multivariable logistic
regression model. The model was adjusted for the same
confounders as the Cox models except for age, where age at
screening instead of age at the study baseline was included.

All statistical analyses were performed using Stata soft-
ware, version 14 (StataCorp, College Station, TX, USA). All p
values were two sided and levels � .050 were considered to
be statistically significant.
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RESULTS

During an average 17.5 � 5.5 years of follow up from 1998
through 2018 (1 427 841 person years), 1 781 incident AAA
cases were identified, including 1 497 non-ruptured (84.1%)
and 284 (15.9%) with rupture. The majority of the AAA
cases were men (84.0%) and smokers (current 45.2% or ex-
smokers 36.4%).

Men and women in the highest category of the mMED
score (6 e 8) compared with those in the lowest category (0
e 1) were more likely to have a university education, walk
and/or cycle at least 40 min/day, and were less likely to be
current smokers and to have hypertension or CVD (Table 1).
As would be expected, consumption of foods that charac-
terise the Mediterranean diet increased with increasing
mMED score, while consumption of red meat decreased.
Table 1. Age-standardised baseline characteristics of 45 072 men
Swedish Mammography Cohort by categories of the modified Medi

Characteristics Categories of mMED scorey in men (n [

0 e 1 (1)
(n[3 727)

2 e 3 (3)
(n[16 782)

4 e 5 (4)
(n[18 210)

6 e

(n[

Total AAA cases e n 148 588 589 17
Ruptured AAA cases e n 19 112 82 15
Age at baseline e y 61.3 � 9.9 60.7 � 9.9 60.0 � 9.6 59
University education 8.8 12.3 17.4 24
Smoking status

Current smokers 31.5 27.2 22.3 18
Ex-smokers 33.4 36.3 39.9 43
Never 33.5 35.0 36.5 36

BMI e kg/m2 26.1 � 3.6 26.0 � 3.5 25.7 � 3.2 25
Walking/cycling

< 20 min/d 40.8 37.6 32.8 27
20 e 40 min/d 23.2 25.3 27.2 29
40 e 60 min/d 11.1 12.7 14.8 16
> 60 min/d 12.9 14.8 17.1 19

Diabetes 10.3 11.1 9.7 8.7
Hypertension 27.6 26.2 24.8 22
Hypercholesterolaemia 16.3 16.8 16.6 15
Cardiovascular diseases* 15.6 14.5 14.0 13
Family history of

myocardial infarction
11.4 10.8 11.4 11

Aspirin use 32.3 32.8 34.5 36
Energy intake e kcal/d 2126 � 663 2441 � 774 2820 � 820 30
Components of mMED score

Fruit and vegetables e
servings/d

2.0 � 1.2 3.0 � 1.9 4.4 � 2.3 5.5

Wholegrain e

servings/d
2.4 � 1.5 3.5 � 2.3 4.8 � 2.5 5.8

Legumes and nuts e
servings/d

0.1 � 0.1 0.1 � 0.2 0.2 � 0.2 0.3

Fermented dairy e
servings/d

2.0 � 1.6 3.2 � 2.4 4.2 � 2.6 5.2

Fish e servings/d 0.1 � 0.2 0.2 � 0.3 0.3 � 0.3 0.4
Red meat e servings/d 1.4 � 0.8 1.3 � 0.8 1.3 � 0.8 1.1
Olive oil and/or
rapeseed oil

2.9 16.2 39.5 74

Moderate alcohol
consumption

7.3 24.6 41.8 64

Data are presented as % or mean � standard deviation, unless stated oth
* Cardiovascular diseases included ischaemic heart disease (ICD10: I20-
fibrillation (I48).
y Categories given as range (median).
Adherence to the Mediterranean diet was inversely asso-
ciatedwith the riskof AAA (Table 2). Participants in the highest
mMED score category (6 e 8) compared with those in the
lowest category (0e 1) had a 30% (95% CI 13e 43) lower risk
of AAA. A statistically significant interaction was found be-
tween mMED score and sex in relation to risk of AAA (p
interaction¼ .027). Men in the highest vs. those in the lowest
category of themMED score had 23% lower risk, while women
had a 62% lower risk. Each one point increment in the mMED
score was associated with a 4% lower risk in men (p trend ¼
.032) and a 17% lower risk in women (p trend < .001); the
shape of the associations is presented in Figure 1. Further
adjustment for occupation status and sodium intake (contin-
uous variable) did not change the HRs per one score of mMED
for total participants or for men or women (data not shown).
from the Cohort of Swedish Men and 36 632 women from the
terranean Diet (mMED) score in 1998

45 072) Categories of mMED scorey in women (n [ 36 632)

8 (6)
6 353)

0 e 1 (1)
(n [ 4 052)

2 e 3 (3)
(n[14 295)

4 e 5 (4)
(n[13 692)

6 e 8 (6)
(n[4 593)

1 43 133 94 15
8 29 14 5

.0 � 9.3 63.0 � 9.7 62.4 � 9.5 61.3 � 9.0 60.4 � 8.6

.5 9.8 15.1 21.7 30.8

.7 28.8 25.4 21.6 17.6

.5 18.6 21.4 24.0 27.9

.9 50.5 51.4 52.6 53.2

.4 � 3.1 25.3 � 4.2 25.3 � 4.1 24.9 � 3.8 24.4 � 3.6

.2 33.2 30.2 25.0 19.8

.9 30.0 30.4 32.4 34.8

.4 13.4 15.4 18.7 20.2

.7 12.5 14.6 16.7 19.5
5.2 4.9 5.0 5.3

.7 21.9 21.6 21.0 20.6

.6 7.1 8.2 9.1 9.0

.2 8.5 7.0 6.9 6.1

.4 13.3 13.0 14.4 13.8

.9 39.7 43.2 45.1 46.2
77 � 777 1362 � 393 1602 � 463 1877 � 509 2109 � 503

� 2.3 2.9 � 1.5 4.1 � 2.3 5.8 � 2.8 7.2 � 2.9

� 2.4 2.2 � 1.2 3.2 � 1.9 4.2 � 2.1 5.0 � 1.9

� 0.3 0.1 � 0.1 0.1 � 0.2 0.2 � 0.3 0.3 � 0.4

� 2.6 2.0 � 1.3 3.1 � 2.1 4.0 � 2.4 5.1 � 2.5

� 0.3 0.2 � 0.2 0.3 � 0.3 0.4 � 0.4 0.4 � 0.3
� 0.7 1.2 � 0.7 1.1 � 0.7 1.1 � 0.8 0.9 � 0.7

.4 6.8 31.6 61.1 88.7

.6 5.6 19.9 34.6 55.4

erwise. AAA ¼ abdominal aortic aneurysm; BMI ¼ body mass index.
I25), heart failure (I50, I110), stroke (I60, I61, I63, I64), and atrial



Table 2. Association between the modified Mediterranean Diet (mMED) score and risk of abdominal aortic aneurysm (AAA) in 45
072 men (1 496 AAA cases) from the Cohort of Swedish Men and in 36 632 women (285 AAA cases) from the Swedish Mammography
Cohort, 1998 e 2018

Range of categories of mMED score (median) Per 1 score of
mMED

p value for
trend

0e1 (1) 2e3 (3) 4e5 (4) 6e8 (6)

Total
Cases/person-years 191/128 245 721/530 710 683/567 417 186/201 469
Age and sex adjusted
HR (95% CI)

1.00 (Ref.) 0.85 (0.73e1.00) 0.74 (0.63e0.87) 0.57 (0.47e0.70) 0.91 (0.88e0.94) <.001

Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 0.90 (0.77e1.06) 0.83 (0.70e0.98) 0.70 (0.57e0.87) 0.94 (0.91e0.97) <.001

Men
Cases/person years 148/59 337 588/278 230 589/315 708 171/114 409
Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 0.91 (0.76e1.09) 0.87 (0.72e1.05) 0.77 (0.61e0.97) 0.96 (0.93e1.00) .032

Women
Cases/person years 43/68 908 133/252 480 94/251 709 15/87 061
Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 0.91 (0.64e1.29) 0.70 (0.47e1.03) 0.38 (0.20e0.71) 0.83 (0.77e0.90) <.001

HR ¼ hazard ratio; CI ¼ confidence interval.
* Adjusted for age at baseline (y, continuous), sex, education (primary, high school, or university), smoking status (never; ex-smokers < 20, 20 e
39, or � 40 pack-years; or current < 20, 20 e 39, or � 40 pack-years), body mass index (BMI; < 20, 20 e 24.9, 25 e 29.9, or � 30 kg/m2),
walking/cycling (< 20, 20 e 40, 40 e 60, or > 60 min/day), history of diabetes (yes, no), hypertension (yes, no), hypercholesterolaemia
(yes, no), and cardiovascular diseases (yes, no), family history of myocardial infarction (yes, no), aspirin use (yes, no) and intake of energy
(kcal/day, continuous). Missing data on educational level (0.5%), smoking status (1.6%), BMI (3.6%), walking/cycling (8.7%), and aspirin
use (10.7%) were included in the models as separate categories.
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Moreover, to address the possible influence of statin use
on risk of AAA, an analysis was conducted with a shorter
observation time (follow up 2006 e 2018; as a result of data
availability on statin use from the prescribed drug register),
in which additionally the HRs were adjusted for statin use.
The results were not materially different from those in the
main analyses (Table S1). Likewise, stratified by statin use,
the HRs in never statin users and ever statin users remained
similar; 0.93 (95% CI 0.84 e 1.03, p trend ¼ .17) and 0.93
(95% CI 0.90 e 0.97, p trend ¼ .002), respectively.
Association for non-ruptured and ruptured AAA

A clear inverse association between mMED score and non-
ruptured AAA was observed in women; each one point
increment was associated with an 18% lower risk (p trend <
.001) (Table 3). In men, the risk reduction plateaued with a
mMED score of 2 e 3, with no further reduction with
increasing score. In the subcohort of 8 535 men with
available measurements of infrarenal aortic diameter, there
was a 10% lower risk of AAA � 30 mm for each one point
increment of the mMED score (p trend ¼ .053) (Table 3).

For ruptured AAA incidence, the risk reduction between
extreme categories of the mMED score was found in men
but not in women (Table 3). Statistically significant risk
reduction in men was observed among those scoring from 3
to 8, where the HR decreased by 25% for each one point
increment (p trend < .001).

Association by smoking status and smoking cessation

Age standardised baseline characteristics of the COSM and
the SMC by smoking status are presented in Table S2.
An interaction was observed between the mMED score
and smoking status in relation to AAA incidence (p
interaction < .001). The strongest associations between
mMED score and risk of AAA were found among current
and ex-smokers with < 20 pack-years of smoking
(Table 4, Fig. 2). The observed risk reduction between
extreme categories of the score was 68% for current
smokers and 42% for ex-smokers; each one point incre-
ment in the score was associated with a 17% (p trend <
.001) and 11% (p trend ¼ .006) lower risk, respectively.
Among participants with 20 e 39.9 pack-years of smok-
ing, a clear linear inverse association was observed in
current smokers (10% lower risk per each one point
increment, p trend ¼ .004), and in ex-smokers the sug-
gestion of a linear risk reduction (7% lower risk per each
one point increment, p trend ¼ .08). Among participants
with � 40 pack-years of smoking, no association was
observed between adherence to the Mediterranean diet
and AAA incidence.

In the screening subcohort, associations between AAA
� 30 mm and mMED score were observed; each one point
increment increase in the mMED score was associated
with a 22% lower risk of AAA in ex-smokers (p trend ¼
.009) and with a non-significant 7% lower risk in current
smokers (p trend ¼ .35) (Table S3). Time from quitting
smoking did not influence the observed association
among ex-smokers (Table S4). Quitting smoking < 10
years or � 10 years before the baseline was associated
with a similarly reduced risk of AAA; each one point
increment in the mMED score was associated with a 10%
(p trend ¼ .017) and 7% (p trend ¼ .028) lower risk,
respectively.
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Figure 1. Multivariable adjusted hazard ratios (HR) of abdominal aortic aneurysm (AAA) incidence as a
function of the modified Mediterranean diet score in (A) 45 078 men from the Cohort of Swedish Men and in
(B) 36 632 women from the Swedish Mammography Cohort. HR are presented on a log scale. The solid curve
represents the restricted cubic spline and dashed dotted lines represent 95% confidence intervals (CI). The
distribution of the mMED score is presented at the bottom of each figure as a histogram.
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To examine the combined effect of the mMED score and
smoking status, an analysis was conducted including current
smokers, ex-smokers, and never smokers in the same model
(Fig. 3). Compared with never smokers in the highest mMED
category, current smokers and ex-smokers in the lowest
category of the score had a 4.4 fold and 2.7 fold higher risk
of AAA, respectively. The risk of each outcome decreased
with increasing adherence to the Mediterranean diet.
Compared with the reference category, current smokers in
the highest mMED score category had a 2.6 fold higher risk
of AAA and ex-smokers 1.5 fold. In never smokers, there was
no statistically significant association between mMED score
and AAA risk (Fig. 3).
DISCUSSION

In these two, large population based prospective cohorts of
men and women, adherence to a Mediterranean style diet
was inversely associated with AAA incidence. The observed
association was more pronounced in women than in men
and for ruptured compared with non-ruptured AAA. The
association was especially strong among current and ex-
smokers with < 20 pack-years of smoking.

To the best of the present authors’ knowledge, this is the
first study to examine the association between Mediterra-
nean diet and AAA incidence. Until now, healthy dietary
patterns (which include components of the Mediterranean
diet) in relation to risk of AAA have been studied in only
three prospective cohort studies.17e19 In a recently pub-
lished study, conducted on the same population of men and
women included in this study, adherence to a diet with high
anti-inflammatory potential (a diet with the potential to
reduce C reactive protein, estimated by the Anti-
Inflammatory Diet Index, AIDI) was associated with
reduced risk of AAA.19 In a cohort study of American men
and women (517 AAA cases) adherence to a healthy dietary
pattern defined by the Dietary Approaches to Stop Hyper-
tension (DASH) was also inversely associated with the risk of
AAA.17 In another Swedish cohort (353 AAA cases) using
another definition of healthy dietary pattern, no statistically
significant association was observed.18 The beneficial role of
the Mediterranean diet in relation to other CVD and other
diseases is well documented in many populations,6 so it is
assumed that the present findings of an inverse association
with AAA development are likely to apply to non-Nordic
populations as well.

In general, diet, together with other health seeking
behaviours such as not smoking, may affect systemic
oxidative stress and inflammation, which underlie AAA
development.1 A Mediterranean style diet, rich in pro-
healthy components, may balance oxidative stress, and
potentially limit aortic wall inflammation and reduce
the risk of AAA development. Most components of the
mMED score may play a protective role against AAA
development because of their anti-oxidative potential
(ability to scavenge excess reactive oxygen species from
the body). Fruits, vegetables, some alcoholic beverages
(red wine, beer) are rich in antioxidants; wholegrain
products, vegetables, fruits, and legumes are rich in
dietary fibre; and fish, olive oil, and rapeseed oil are
rich sources of mono-unsaturated and polyunsaturated
fatty acids.20,21 Via the delivery of cultures of bacteria,
fermented dairy products influence the mucosal im-
mune system22 and have properties of inflammation
suppression.23

In this study, a statistically significant interaction was
found between smoking status and risk of AAA in relation to
Mediterranean diet adherence. The statistically significant
decreased AAA risk related to higher mMED score was
observed only in current smokers with low (< 20) or
moderate (20 e 39.9) pack-years of smoking, and in ex-
smokers with low (< 20) pack-years of smoking. It is
known that smoking is the most important risk factor for
AAA development. In a study from the Swedish AAA
screening programme, among 26 256 men, the aetiological
fraction attributed to smoking was estimated to be 71%.2



Table 3. Association between the modified Mediterranean Diet (mMED) score and risk of abdominal aortic aneurysm (AAA)
stratified by rupture status in 45 072 men (1 268 non-ruptured and 228 ruptured AAA cases) from the Cohort of Swedish Men
and in 36 632 women (229 non-ruptured and 56 ruptured AAA cases) from the Swedish Mammography Cohort, 1998 e 2018.

Range of categories of mMED score (median) Per 1 score
of mMED

p value for
trend

0 e 1 (1) 2 e 3 (3) 4 e 5 (4) 6 e 8 (6)

Non-ruptured
Total
Cases/person-years 164/128 245 580/530 710 587/567 417 166/201 469
Age and sex adjusted

HR (95% CI)
1.00 (Ref.) 0.79 (0.66e0.94) 0.73 (0.61e0.86) 0.58 (0.47e0.72) 0.92 (0.89e0.95) <.001

Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 0.84 (0.71e1.00) 0.82 (0.69e0.99) 0.72 (0.57e0.90) 0.95 (0.92e0.99) .007

Men
Cases/person years 129/59 337 476/278 230 507/315 708 156/114 408
Multivariable adjusted

HR (95% CI)*
1.00 0.84 (0.69e1.02) 0.85 (0.70e1.04) 0.80 (0.62e1.02) 0.98 (0.94e1.01) .23

Infrarenal aortic diameter
� 30 mmz

Cases/participants 18/604 66/2 890 62/3 606 20/1 435
Multivariable adjusted
OR (95% CI)x

1.00 (Ref.)y 0.74 (0.52e1.06) 0.71 (0.42e1.21) 0.90 (0.81e1.00) .053

Women
Cases/person years 35/68 908 104/252 480 80/251 709 10/87 061
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.) 0.85 (0.57e1.25) 0.70 (0.45e1.07) 0.29 (0.14e0.60) 0.82 (0.75e0.90) <.001

Ruptured
Total
Cases/person years 27/128 245 141/530 710 96/567 417 20/201 469
Age and sex adjusted

HR (95% CI)
1.00 (Ref.) 1.24 (0.82e1.88) 0.83 (0.54e1.28) 0.53 (0.29e0.94) 0.87 (0.80e0.93) <.001

Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 1.31 (0.86e1.98) 0.90 (0.58e1.40) 0.61 (0.33e1.12) 0.89 (0.82e0.96) .003

Men
Cases/person years 19/59 337 112/278 230 82/315 708 15/114 408
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.)y 0.74 (0.56e0.99) 0.43 (0.25e0.75) 0.75 (0.65e0.88)# <.001#

Women
Cases/person years 8/68 908 29/252 480 14/251 709 5/87 061
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.)y 0.62 (0.34e1.13)

HR ¼ hazard ratio; CI ¼ confidence interval.
* Adjusted for age at baseline (y, continuous), sex, education (primary, high school, or university), smoking status (never; ex-smokers < 20, 20 e

39, or � 40 pack-years; or current < 20, 20 e 39, or � 40 pack-years), body mass index (BMI; < 20, 20 e 24.9, 25 e 29.9, or � 30 kg/m2),
walking/cycling (< 20, 20 e 40, 40 e 60, or > 60 min/day), history of diabetes (yes, no), hypertension (yes, no), hypercholesterolaemia
(yes, no), and cardiovascular diseases (yes, no), family history of myocardial infarction (yes, no), aspirin use (yes, no) and intake of energy
(kcal/day, continuous). Missing data on educational level (0.5%), smoking status (1.6%), BMI (3.6%), walking/cycling (8.7%), and aspirin
use (10.7%) were included in the models as separate categories.
y As there were � 20 cases of AAA in the first category of mMED score, the reference group includes the two lowest categories of mMED score.
z Subcohort of 8 535 men who were screened for AAA during follow up.
x Adjusted for age at screening, otherwise like above.
# HRs with 95% CI per one score of mMED and p trend were calculated in linear part of curves, i.e. for mMED score � 3 points.
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Presumably, the observed AAA risk reduction related to the
Mediterranean diet may be dependent on, and occur only
below a certain threshold of, accumulated smoking expo-
sure. In a situation of high cumulative exposure to toxic
components present in cigarette smoke, oxidative stress
and systemic inflammation might be too high for the diet to
protect against AAA development. It was hypothesised that
the stronger associations observed for women vs.men were
the result of different smoking habits (e.g. fewer cigarettes/
day) in female ex-smokers and current smokers (Table S2),
and generally lower levels of oxidative stress and reactive
oxygen species production in women and higher body
antioxidant potential than in men.24

Strengths of the current study include the large popula-
tion based cohorts, prospective design of the study, use of
the validated FFQ to collect dietary information, as well as
the detailed information on smoking history and on po-
tential confounders. Use of the mMED score as a dietary
pattern instead of single food groups provides an advan-
tage, because such an approach is not limited by biological



Table 4. Association between the modified Mediterranean Diet (mMED) score and Risk of Abdominal Aortic Aneurysm (AAA) by
smoking status in 45 072 men (1 496 AAA cases) from the Cohort of Swedish Men and 36 632 women (285 AAA cases) from the
Swedish Mammography Cohort, 1998 e 2018.

Range of categories of mMED score (median) Per 1 score
of mMED

p value for
trend

0 e 1 (1) 2 e 3 (3) 4 e 5 (4) 6 e 8 (6)

Current smokers
Cases/person-years 102/36 276 349/132 632 295/120 901 59/36 876
Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 0.91 (0.73e1.14) 0.82 (0.65e1.04) 0.55 (0.40e0.78) 0.91 (0.86e0.95) <.001

< 20 pack-years
Cases/person-years 31/14 766 96/58 691 73/58 160 13/20 476
Multivariable adjusted

HR (95% CI)
1.00 (Ref.) 0.76 (0.50e1.15) 0.59 (0.38e0.91) 0.32 (0.16e0.64) 0.83 (0.75e0.91) <.001

20e39.9 pack-years
Cases/person-years 49/15 262 165/54 728 136/48 265 30/12 527
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.) 0.85 (0.61e1.17) 0.71 (0.51e1.01) 0.54 (0.34e0.87) 0.90 (0.84e0.97) .004

� 40 pack-years
Cases/person-years 16/4 142 62/12 645 71/9 416 11/2 435
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.)y 1.50 (1.06e2.11) 0.84 (0.43e1.62) 1.02 (0.91e1.13) .75

Ex-smokers
Cases/person-years 68/32 267 258/155 301 245/187 016 78/74 230
Multivariable adjusted
HR (95% CI)*

1.00 (Ref.) 0.77 (0.59e1.01) 0.64 (0.48e0.84) 0.57 (0.41e0.81) 0.91 (0.87e0.96) .001

< 20 pack-years
Cases/person-years 22/20 086 95/99 865 91/127 501 35/54 513
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.) 0.83 (0.52e1.33) 0.62 (0.38e1.00) 0.58 (0.33e1.02) 0.89 (0.81e0.97) .006

20e39.9 pack-years
Cases/person years 28/7 696 101/37 609 102/41 213 29/14 257
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.) 0.68 (0.44e1.03) 0.63 (0.41e0.97) 0.52 (0.30e0.90) 0.93 (0.85e1.01) .08

� 40 pack-years
Cases/person-years 11/1 556 37/6 075 36/6 402 8/1 803
Multivariable adjusted

HR (95% CI)*
1.00 (Ref.)y 0.97 (0.61e1.52) 0.75 (0.35e1.64) 0.95 (0.83e1.10) .52

HR ¼ hazard ratio; CI ¼ confidence interval.
* Adjusted for age at baseline (y, continuous), sex, education (primary, high school, or university), body mass index (BMI; < 20, 20 e 24.9, 25 e
29.9, or � 30 kg/m2), walking/cycling (< 20, 20 e 40, 40 e 60, or > 60 min/day), history of diabetes (yes, no), hypertension (yes, no),
hypercholesterolaemia (yes, no), and cardiovascular diseases (yes, no), family history of myocardial infarction (yes, no), aspirin use (yes, no)
and intake of energy (kcal/day, continuous). Missing data on educational level (0.5%), BMI (3.6%), walking/cycling (8.7%), and aspirin use
(10.7%) were included in the models as separate categories.
y As there were � 20 cases of AAA in the first category of mMED score, the reference group includes the two lowest categories of mMED score.
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interactions and collinearity among foods. Another strength
of the study includes complete follow up of the study
participants by linkage of the cohorts with the well vali-
dated Swedish registers.

The current study also has limitations. Routine investi-
gation of participants’ aortic diameter was limited to only a
subcohort of men, those who underwent AAA screening at
the age of 65 e 75 years. This could have led to under-
detection of asymptomatic AAA in participants classified as
non-diseased; however, such misclassification would most
probably have led to underestimation of the risk estimates.
Although the FFQ showed reasonable validity,9 some
misclassification in self reported food consumption is
inevitable. Because of the prospective design of the study,
such potential source of misclassification would be non-
differential and most likely attenuate any true association.
It was observed that people with a higher adherence to the
Mediterranean diet were also better educated, more
physically active, and smoked to a lesser extent, which may
reflect generally healthier behaviour. Moreover, it is plau-
sible that some participants may have changed their dietary
habits during follow up. Although HRs were adjusted for
many potential risk factors, a risk of potential residual
confounding and its effect on attenuation of the observed
associations cannot be excluded. There was no information
available on family history of AAA, a known genetic risk
factor. Further, there was no information on actual blood
cholesterol levels, as this variable was based on self re-
ported history of hypercholesterolaemia. Smoking status
and pack-years were also based on self reported data, and
not verified by biomarkers. However, in other Swedish
studies, the validity of self reported data on smoking
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Figure 2. Multivariable adjusted hazard ratios (HR) of abdominal aortic aneurysm (AAA) incidence stratified by current (A e C) or ex- (D e
F) smoking status and pack-years of < 20 (A, D), 20 e 39.9 (B, E), or � 40 (C, F) of smoking as a function of the modified Mediterranean diet
score in 45 078 men from the Cohort of Swedish Men and in 36 632 women from the Swedish Mammography Cohort. HR are presented on a
log scale. The solid curve represents the restricted cubic spline and dashed dotted lines represent 95% confidence intervals (CI). The dis-
tribution of the mMED score is presented at the bottom of each figure as a histogram.
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compared with cotinine concentrations in serum25 and
saliva26 were high.

In conclusion, the results of this study indicate that
adherence to a Mediterranean diet may reduce the risk
of AAA among men and women, especially in current
and ex-smokers with low pack-years of smoking. The
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modifiable risk factors that should be included in future
revised guidelines on the primary prevention and the
management of AAA.3
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