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INTRODUCTION 
ABDOMINAL AORTIC ANEURYSM 
Abdominal aortic aneurysm (AAA) is a common disease in the el-
derly. The prevalence of AAA has been reported to be between 1-
5% among men above 65 years and increases with age1-6. AAA is 
5-6 times more prevalent in men than in women7,8. 

AAA is characterized by a bulging or enlargement of the ab-
dominal aorta. No rigid definition exists, but common definitions 
include an enlargement of the infrarenal aorta to a diameter of 
3.0 cm or a 50% increase in diameter relative to the suprarenal 
aorta9,10. AAA is most often asymptomatic and is commonly dis-
covered as an incidental finding when a patient is under investiga-
tion for other diseases. The major risk of having an AAA is sudden 
rupture, resulting in death due to massive hemorrhaging. The risk 
of rupture is closely related to the AAA diameter, with a substan-
tial increase in risk of rupture when the diameter exceeds 5.5 
cm11-13. Women have an up to 4-fold higher risk of ruptured AAA 
(rAAA) than men14.  

At present, the definitive treatment for AAA is either open 
surgical or endovascular repair. When a small AAA (< 5.5 cm) is 
detected, the current practice is to watch and wait, i.e., enroll the 

patient for imaging surveillance of the AAA until the risk of rup-
ture and subsequent complications equals or exceeds the risk of 
the complications of elective treatment. The average growth of 
an AAA depends on its size and has been reported to range be-
tween 2-5 mm/year in AAAs smaller than 5 cm15. Elective repair is 
recommended when the aneurysm reaches a size of 5.5 cm 
(women: 5.0 cm), or earlier if the aneurysm has a growth rate at 
or above 1.0 cm per year16. 

In 2012, the 30-day mortality in Denmark after elective surgi-
cal repair for AAA was 4% (95% confidence interval (CI): 2-7%), 
whereas the 30-day mortality rate after surgical repair for rAAA 
was almost 10-fold higher, 33% (95% CI: 30-36%)17. Consequently, 
it may seem rational to systematically search for patients with 
AAA and offer repair before rupture occurs. National AAA screen-
ing programs have been implemented in Sweden and in the UK. In 
Denmark, a national screening program has been proposed but 
has not been implemented18.  

AAA DEVELOPMENT 
The mechanisms of AAA development are complex and have been 
extensively studied. Still, the exact mechanisms that lead to aneu-
rysmal development, growth and, ultimately, rupture, are not 
fully understood. AAA was long regarded an atherosclerotic mani-
festation; however, histopathological studies have revealed com-
plex degrading and weakening processes of the aortic vascular 
wall. The relevant processes involve mural inflammation, neovas-
cularization, matrix degradation, and thrombus formation. 

Inflammatory cells found in the aortic wall are thought to mi-
grate from the aorta and from neovascularization of the media. 
These cells, as well as local smooth muscle cells and fibroblasts, in 
the media and adventitial layers promote proteolytic destruction 
of the aortic wall, resulting in a loss of normal aortic elasticity and 
tensile strength. Matrix metalloproteinases and plasmin synthe-
sized by infiltrating inflammatory cells and macrophages are be-
lieved to be crucial in the degradation of elastin and collagen in 
the connective tissue matrix of the aortic wall. In the majority of 
patients with an AAA of ≥ 4.0 cm, the AAA is associated with the 
development of an intraluminal or mural thrombus. The throm-
bus is biologically active, promotes activation of platelets and in-
flammatory factors and has been suggested to be an active partic-
ipant in further aneurysmal dilatation when the AAA and 
thrombus are established19-25. 

RISK OF RUPTURE 
Risk is traditionally understood as “the possibility of something 
bad happening at some time”26. In the context of medicine, risk is 
defined as the probability of developing a disease27. Throughout 
this thesis, the risk of rAAA is defined as the risk of presenting 
with a rAAA in contrast to the risk of presenting with an intact 
AAA on hospital admission. 
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A risk factor is a characteristic associated with an increased 
risk of developing a disease27. Risk factors for the development of 
an AAA include both unmodifiable and modifiable factors. Un-
modifiable risk factors include race, male sex, increasing age, car-
diovascular disease, a history of tobacco smoking, and a family 
history of AAA. Potentially modifiable risk factors comprise cur-
rent tobacco use, overweight, hypercholesterolemia, atheroscle-
rosis, and hypertension. Diabetes is negatively associated with 
the risk of AAA and therefore seems somewhat protective28-30.  

The predominant predictor for rAAA is, as previously men-
tioned, the size of the AAA, with a substantial increase in risk of 
rupture when the AAA reaches a diameter of 5.0 cm for women 
and 5.5 cm for men (Table 1)14,21,31. The risk factors for rAAA are 
generally unmodifiable, i.e., female sex, advanced age (>80), a 
family history of AAA; however, other factors include current 
smoking, renal failure, and high blood pressure12,32-34. 
 
Table 1. 12-month AAA rupture risk by diameter. Adapted from Moll et al., 
Eur J Vasc Endovasc Surg, 201131 

 

PROGNOSIS AFTER RUPTURE 
Prognosis is the prediction of the outcome of a disease27. 
Throughout this thesis, prognosis is considered as the short-term 
outcome after rAAA, i.e., the 30-day mortality or the 30-day case 
fatality. Prognostic factors are characteristics or conditions re-
lated to the outcome. 

In Denmark, an overall 30-day mortality rate of 75% has been 
reported for patients with a hospital diagnosis of rAAA35. How-
ever, the true 30-day mortality for rAAA is unknown given that 
probably fewer than 50% of patients survive to reach the hospi-
tal36. Consequently, a very important prognostic factor when ex-
periencing a rAAA is the ability to reach the hospital alive, which 
again depends on a variety of other factors, including anatomic 
location of the rupture, clarity of symptoms, prehospital emer-
gency capabilities, geographical distance to the hospital and infra-
structure.  

Inherent patient-related prognostic factors include not only 
age and sex but also the overall preadmission comorbidity. In 
elective AAA surgery, advanced age, female sex, compromised 
cardiopulmonary status and renal function have been suggested 
to be associated with a worse prognosis37. The same factors may 
influence the prognosis after rAAA. In-hospital or perioperative 
prognostic factors include aneurysm morphology, hemodynamic 
stability, coagulation status and advanced postoperative intensive 
care capabilities, among others 38.  

BACKGROUND AND EXISTING LITERATURE  
STATINS 
Statins, or 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase inhibitors, are a class of lipid-lowering drugs. Their pri-
mary mechanism of action is the inhibition of the rate-limiting en-
zyme, HMG-CoA reductase, in the endogenous biosynthetic path-
way of cholesterol (i.e., the mevalonate pathway). In this way, 
statins lower,in particular, the production of LDL-cholesterol39. 
However, the mevalonate pathway provides substrates for intra-
cellular processes throughout the human organism. These pro-
cesses involve intracellular signaling, growth mediation and cellu-
lar differentiation. As statins partially inhibit this pathway, statin 
therapy has been suggested to exert effects beyond cholesterol 
lowering. These so-called pleiotropic effects include enhanced en-
dothelial function and attenuation of both vascular wall inflam-
mation and atherosclerosis40,41. 

The first statins were introduced in the late 1980s, but wide 
implementation of statin therapy into clinical practice was not in-
stituted until the mid-1990s. By this time, large and well-designed 
randomized controlled trials (RCTs) had proven statins to be both 
safe and highly effective in reducing LDL-cholesterol and also ef-
fective in reducing major cardiovascular events (i.e., myocardial 
infarction, need for coronary re-vascularization and cardiovascu-
lar death)39,42-44.  

Today, statins are indicated for hypercholesterolemia and 
both the primary and secondary prevention of coronary heart dis-
ease. However, indications and recommendations for statin use 
have widened to encompass documented cardiovascular dis-
eases, including AAA31,45. In Denmark, statins are available by pre-
scription only. 

Statins and AAA 
In rodent studies, statins have been suggested to attenuate AAA 
growth by reducing matrix degradation in the vascular wall of ex-
perimentally induced AAAs46,47. These findings led to a number of 
studies investigating the potential effect of statins on AAA growth 
in humans. A summary of the existing literature on growth and 
rupture as well as the search strategy is provided in Table 2.  

In trauma-related hemorrhagic shock, severe sepsis, and non-
cardiac surgery, preadmission statin use has been associated with 
lower mortality48-51. Likewise, statins have been suggested to play 
a role in improving the outcome after rAAA repair. Table 3 pro-
vides a summary of the literature examining the association be-
tween statin use and mortality after repair for AAA or rAAA. The 
table includes three studies on the association between statin use 
and mortality after elective surgery and one study on the mortal-
ity after rupture and emergency surgery. 

Limitations of the literature on statins and AAA 
Studies on the association between statin use and rAAA are 
sparse. In our review, we were only able to identify one study34 
with published data on this association, published after Study I. 
However, several studies investigated the association between 
statin use and AAA growth52-63. All of the identified studies were 
observational studies, and the majority of these were based on 
prospectively registered data. None of the three large growth 
studies (i.e., N > 500) found an association between statin use 
and AAA growth52,56,57, whereas the relatively large study on 
statin use and rAAA34 found a reduced risk of rAAA.  

Generally, the studies were small and, except for two studies, 
limited to observations from single centers. This potentially limits 
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external validity given that the study populations may not be rep-
resentative of the general population of patients with AAA. Seven 
of the 12 studies did not consider the effects of statin use as the 
main study objective; thus, the findings are secondary34,52,55,57-

59,61. Four of the studies relied on patient self-reporting when 
statin use was defined, leaving a potential for recall bias53,54,61,63. 
In five studies, the definition of statin use was rather unclear and, 
consequently, the results were difficult to compare52,58-60,62. Addi-
tionally, four of the studies only presented univariate estimates, 
with a potential for substantial residual confounding of the re-
sults55,59,60,62. A meta-analysis by Sweeting and colleagues64, not 
identified in the literature search, was based on analyses of indi-
vidual data from several published and unpublished AAA surveil-
lance studies. These studies were not individually designed to ex-
amine the influence of drug use on AAA growth and risk of rAAA. 
Nevertheless, six of the included studies (N=4,621) had data on 

the association between statin use and AAA growth (and, to a 
lesser extent, the risk of rAAA), but no association between the 
use of statins and AAA growth or the risk of rAAA were found. 

 
The literature on short-term mortality after rAAA is even 

more limited. We only identified one small, single-center study 
concerning in-hospital mortality after rAAA65. This study was lim-
ited primarily by its size; however, unclear reporting of statin ex-
posure and restrictive inclusion criteria also limited the external 
validity of the study. The remaining studies investigated 30-day 
mortality after elective aneurysm repair and are, as such, unfortu-
nately not comparable66-68. Still, these latter studies were in-
cluded in the review as containing the best available knowledge in 
the field. 

 

 
Table 2.  Summary of literature; the effect of statins on AAA growth and rupture risk 
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Table 3. Summary of literature; the effect of statins on short-term mortality after rAAA 
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RENIN–ANGIOTENSIN SYSTEM AND RENIN–ANGIOTENSIN SYSTEM 
BLOCKERS 
The renin-angiotensin system (RAS) is an important endogenous 
hormonal system that regulates blood pressure in addition to the 
balance of salt and water in the body. Renin is an enzyme that is 
primarily excreted to the blood from the kidneys. Renin facilitates 
the cleavage of angiotensinogen (from the liver) to the inactive 
peptide, angiotensin I, which in turn is converted by angiotensin-
converting enzyme (ACE) to the potent vasoconstrictor, angioten-
sin II. Angiotensin II exerts its vasoconstricting effect on the arteri-
oles by binding to the angiotensin receptor (AT1), thereby increas-
ing the systemic blood pressure. Furthermore, angiotensin II 
regulates the release of aldosterone, which is responsible for salt 
and water retention69-71. The regulatory mechanisms of the RAS 
are complex; however, thorough coverage of this topic is beyond 
the scope of this thesis.  

Drugs that block different pathways of the RAS are referred to 
as RAS-blockers and consist of a number of drugs. Among these 
compounds, angiotensin-converting enzyme inhibitors (ACE-inhib-
itors) and angiotensin II receptor type AT1 blockers (ARBs) are the 
most important and, consequently, the RAS-blockers considered 
in this thesis.  

ACE-inhibitors act by decreasing the production of angioten-
sin II by inhibiting the conversion of angiotensin I to angiotensin 
II. In contrast, ARBs likely exert a more direct action by blocking 
the binding of angiotensin II to the effector receptor, the angio-
tensin receptor (AT1). The multiple effects of ACE-inhibitors and 
ARBs include blood pressure reduction, protection of the kidneys 
in diabetes and hypertensive disease, and improved systolic func-
tion in heart failure69,70. The survival benefits of ACE inhibitor and 
ARB treatment among patients with previous myocardial infarc-
tion and/or left ventricular dysfunction are well documented72-78.  

ACE-inhibitors were discovered in the late 1970s and ARBs in 
the mid-1980s. Both classes of drugs were introduced into clinical 
practice some 10 years later71. Their use has been growing ever 
since; however, the use of ACE-inhibitors has been decreasing 
slightly in recent years compared to ARB use, likely because of the 
more favorable profile of adverse effects of ARBs79. Today, RAS-
blockers are indicated for the treatment of hypertension, heart 
failure and diabetic nephropathy. RAS-blockers are, like statins, 
available by prescription only.  

RAS-blockers and AAA 
Angiotensin II has been shown to promote AAA growth in experi-
mental rodent models, and RAS-blockade has been shown to at-
tenuate aneurysmal dilatation in mice80-83. Additionally, angioten-
sin II levels have been found to be higher in aneurysmal aortas 
compared to normal aortas in human aortic specimens84. Thus, 
RAS-blockers have been suggested to decrease AAA growth rates 
and the risk of rupture. Table 4 provides an overview of the exist-
ing literature and the search strategy used. 

As RAS-blockers have shown to improve survival in patients 
with hypertension and heart failure, conditions that are prevalent 
among many patients with AAA, treatment with RAS-blockers 
may be associated with a better outcome after rupture. Table 5 
summarizes the literature examining the association between use 
of RAS-blockers and 30-day mortality after repair for AAA. 

Limitation of the literature on RAS-blockers and AAA 
The association between RAS-blockers and AAA growth has been 
investigated in a number of studies52,56-58,85-88. The use of ACE-in-
hibitors was the predominant exposure and was investigated in 
all eight studies, with ARBs being examined in three studies. All of 
the studies identified in our literature review were observational 
studies based on prospectively collected data, except for one, 
with reported post hoc analyses from a RCT that primarily consid-
ered doxycycline and AAA growth87. Additionally, we identified 
two ongoing RCTs that are expected to report on the effects of an 
ACE-inhibitor (Perindopril)89 and an ARB (Telmisartan) on AAA-
growth 90. The literature on the association between RAS-blockers 
and rAAA is, however, limited to a single large population-based 
study91. A large, Danish population-based study reported on the 
association between use of RAS-blockers and an alternative out-
come, namely, the risk of surgery for AAA85. 

The results of the identified studies are not consistent. The 
large population-based case control study by Hackam et al. in-
cluded more than 15,000 patients with AAA and reported an ap-
proximately 20% reduced risk of rAAA in current users of ACE-in-
hibitors91. Discontinuation of ACE-inhibitor use was associated 
with a small increased risk of rAAA. A multicenter study by Sweet-
ing and colleagues reported an increased growth rate among us-
ers of ACE-inhibitors58. However, in the later meta-analysis on in-
dividual data from seven studies (N=4,826), Sweeting et al. 
reported no association between ACE-inhibitor use and the risk of 
rAAA or AAA growth64. The study on RAS-blockers and the risk of 
surgery for AAA reported a lower risk of surgery among ACE-in-
hibitor users, whereas ARB use did not yield any protective asso-
ciation85. Additionally, a single-center study reported reduced 
AAA growth in ARB users57. The remaining studies among patients 
with AAA did not report any association between the use of RAS-
blockers and AAA growth.  

Differences in design, exposure, and mode of outcome re-
porting make direct comparison among the studies difficult. A 
limitation in five of the studies was a different or unclear defini-
tion of RAS-blocker use (e.g., baseline use, “on ACE-inhibitors”, 
drug history, received medical therapy > 1 year)56,58,86-88. Four of 
the studies did not state RAS-blocker use as the primary exposure 
of interest, and the reported results were thus from sub-anal-
yses56,57,87,88. As in the reviewed statin studies, three of the stud-
ies relied on self-reported drug use58,86,88.  

The examined outcomes have also varied between studies. 
The outcome of the Danish study85, risk of AAA-surgery, was not 
directly comparable to the outcome of the other studies. A pro-
portion of patients with large aneurysms, who are not considered 
fit for surgery due to either comorbidity or anatomical inability, 
would not be able to contribute risk to the outcome under the 
study. Thus, a selection bias toward a seemingly more favorable 
outcome could have been introduced. One study measured aortic 
diameters in non-AAA patients and found reduced infrarenal aor-
tic diameters at baseline in patients on chronic RAS-blockade. Ad-
ditionally, a tendency toward reduced aortic growth in patients 
on RAS-blockade was reported. However, these results may not 
be comparable to AAA growth in patients with AAA 86. 
No studies on short-term prognosis after rAAA and the use of 
RAS-blockers were found during our literature review. Still, we 
identified two studies reporting on AAA-mortality (ACE-inhibitor 
or ARB use improved prognosis)85 and 30-day mortality after 
elective open aortic repair (RAS-blockade was associated with a 
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worse prognosis)92. Additionally, one of the aforementioned on-
going RCTs will report on AAA-related death89. However, these 

studies were only included in the review to illustrate the sparse 
data available within this area of research. 

 
 
Table 4.  Summary of literature; the effect of ACE-inhibitors and ARBs on AAA growth and rupture risk
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Table 5. Summary of literature; the effect of ACE-inhibitors and ARBs on short-term mortality after rAAA 

LOW-DOSE ASPIRIN 
Aspirin belongs to the group of non-steroidal anti-inflammatory 
drugs (NSAIDs). The active compound is acetylsalicylic acid, a syn-
thetic preparation of salicin. This compound, an extract from wil-
low bark, has been known since ancient times to relieve fever, 
pain and inflammation. Aspirin was introduced by Bayer in 1899 
as an analgesic. The mechanism of action was, however, first de-
scribed in the early 1970s 93. Acetylsalicylic acid inhibits the syn-
thesis of prostaglandin and thromboxane (TxA2) by non-selec-
tively blocking the enzymes cyclooxygenase (COX)-I and COX-II. 
The inhibition of TxA2 formation attenuates platelet activation, 
platelet aggregation, and several other complex processes94. 
Treatment with low-dose aspirin (ASA) has been shown to reduce 
mortality in suspected acute myocardial infarction as well as the 
incidence of serious vascular events (e.g., non-fatal myocardial in-
farction, non-fatal stroke, and vascular death) in high-risk pa-
tients95,96. Thus, ASA is indicated for the acute treatment of acute 
coronary syndrome and recommended for the secondary prophy-
laxis in coronary heart disease, cerebrovascular disease, and pe-
ripheral vascular disease31,97. In Denmark, ASA is available both by 
prescription and over the counter.  

Low-dose aspirin and AAA 
AAAs of significant size tend to have an intraluminal thrombus. 
Studies of the characteristics and activity of the thrombus in ex-
perimental models have suggested that inhibition of platelet ac-
tivity could possibly influence the development of the thrombus, 
attenuate AAA growth and reduce the risk of rAAA98,99. In Table 6, 

a summary of the existing literature on ASA use and AAA growth 
and rAAA is provided.  

No comparable literature was found considering ASA use and 
mortality after rAAA. Thus, no separate table is provided. How-
ever, the search strategy is summarized below in Table 6.  

Limitations of the literature on low-dose aspirin and AAA 
The literature on ASA and rAAA is just as scarce as the literature 
on the association between rAAA and statins or RAS-blockers. An 
American study obtained data on ASA use and rAAA but reported 
on the composite endpoint of dissection and rupture99. However, 
the majority of studies investigated AAA growth rates and con-
sisted merely of observational studies24,54,56-59,100. Only two of the 
identified studies specified the use of ASA as the primary study 
objective99,100. Thus, we included studies of antiplatelet use in the 
review given that ASA was believed to be the predominantly used 
drug in these studies57,58. We lastly identified an ongoing RCT in-
vestigating the effect of the new and potent antiplatelet drug Ti-
cagrelor on AAA growth rate101.  

The aforementioned American study suggested a reduced risk 
of dissection or rupture in ASA users99. However, the study in-
cluded patients with thoracic and thoracoabdominal aneurysms, 
and the reported results were imprecise. The remaining identified 
studies all considered ASA use in relation to AAA growth. Two of 
the studies, based on surveillance data from two different Danish 
screening programs, reported a lower AAA growth rate in ASA us-
ers compared to non-users24,100. No other studies found an associ-
ation between ASA use and AAA growth54,56-59. Direct comparison 
of the studies was difficult because of differences in the exposure 
and the outcomes reported. 
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We found no studies on ASA-use and short-term mortality af-
ter hospitalization with AAA or rAAA. However, a RCT was identi-
fied that aimed to evaluate 30-day mortality after pre-operative 
platelet administration in rAAA patients102. The estimated study 
completion was scheduled for March 2015. It is unclear whether 
this study was terminated or is still ongoing.  

The meta-analysis of individual patient data by Sweeting et al. 
also considered anti-platelet use (most likely ASA, but not speci-
fied) in six studies (N=4,137) but found no association between 
anti-platelet use and AAA growth or the risk of rAAA64. During our 
literature review, we additionally located a Taiwanese popula-
tion-based study reporting on ASA use and the composite end-
point of all-cause mortality, aortic dissection, rupture, admission 

without rupture, or surgical repair103. The study population in-
cluded a mixture of patients with AAA and patients with thoraco-
abdominal aneurysms. A null result was reported, but the meth-
odology was very unclearly specified; thus, this study was not 
considered meaningful for summarization of its data in a table. 
Furthermore, a paper from Kurzencwyg and colleagues examined 
the association between in-hospital mortality and preadmission 
use of statins, ACE-inhibitors and ASA104. However, similar to the 
aforementioned study, the results were not clearly reported and 
the data could not be compared to other results in the present 
context. 
 

 
Table 6. Summary of literature; the effect of ASA on AAA growth and rupture risk 
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AIMS 
The review of the literature revealed several studies on AAA 
growth and association with the use of statins, RAS-blockers and 
ASA. However, studies were generally small and results were not 
consistent. Additionally, important weaknesses in study design 
and methodology were present in the existing studies. Literature 
considering rAAA as the endpoint and literature on the short-
term prognosis following rAAA are lacking. 

Given the very high mortality rates after rAAA, a drug to halt 
AAA growth or decrease the risk of rAAA is needed for the treat-
ment of patients with small AAAs detected either incidentally or 
by screening. To address this need, we conducted three studies 
with the following aims: 

 
Study I: To examine the clinical impact of preadmission statin use 
on the risk of rAAA and subsequent case fatality. 

 
Study II: To examine the possible impact of preadmission RAS-
blockade on the risk of rAAA and case fatality following rAAA. 

 
Study III: To examine the association between ASA use and the 
risk of rAAA and short-term mortality after rAAA. 

METHODS 
SETTING 
The Danish national healthcare system is tax-financed and covers 
the entire Danish population (approximately 5.6 million in 
2012105) with free, unrestricted public healthcare. This care in-
cludes access to free hospital care, free visits to general practi-
tioners and partial reimbursement for most prescribed drugs, in-
cluding statins, RAS-blockers and ASA. We conducted three 
population-based studies using data from national healthcare reg-
istries. Study I was conducted on national data obtained between 
1996 and 2008, whereas Study II and III additionally included data 
from 2009-2012. 

DATA SOURCES 
The Civil Registration System 
A unique Civil Person Register (CPR) number is assigned to every 
Danish citizen at birth and to residents at immigration. This ten-
digit identifier enables unambiguous individual-level linkage of 
records across multiple nationwide healthcare and administrative 
registries. The Civil Registration System retains daily updated indi-
vidual-level information on migration, marital status and vital sta-
tus for all persons living in Denmark106.  

The Danish National Registry of Patients 
The Danish National Registry of Patients (DNRP) retains compre-
hensive information on all somatic admissions and surgical proce-
dures performed in Danish hospitals since 1977, including outpa-
tient visits since 1995. Discharge diagnoses are coded by the 
discharging doctor according to the International Classification of 
Diseases (8th edition until 1993 and 10th edition from 1994 on-
wards) and procedural codes according to the NOMESCO Classifi-
cation of Surgical Procedures107.  

The Register of Medicinal Product Statistics 
Also known as the Danish National Prescription Registry, this reg-
ister holds individual-level information on all prescribed drugs dis-
pensed from Danish pharmacies, including statins, RAS-blockers 
and ASA. Data on drug type (coded according to the Anatomical 
Therapeutic Chemical classification system), package size (dose 
unit and number of dose units in package), and date of dispensing 
are recorded. The register is considered complete since 1995108. 

The Integrated Database for Labor Market Research  
The Integrated Database for Labor Market Research retains annu-
ally updated labor market data including detailed individual-level 
and household income data supplied from the tax authorities. 
This register was established in 1980109. 
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The National Health Insurance Service Registry 
The National Health Insurance Service Registry stores data on ser-
vices provided and covered by the primary healthcare system, in-
cluding all contacts to general practitioners, since 1990. This reg-
istry is assumed to have a high level of completeness as its 
information is gathered as part of the healthcare provider’s reim-
bursement of invoices related to the service provided110.  

AAA-database 
We recently built a population-based AAA-database in Jutland, 
Denmark. The database is based on a review of medical records 
from 1996-2008 and comprises data from 4,128 patients diag-
nosed with either AAA or rAAA. In the database, patients are cat-
egorized as rAAA patients if a rupture is described radiologically 
or during surgery. Similarly, patients are categorized as AAA pa-
tients if there is radiological evidence of an AAA with a maximum 
diameter of at least 3 cm. Furthermore, the database contains 
baseline information on AAA size. 

STUDY DESIGN 
All three of the studies were designed as combined case-control 
and follow-up studies. 

STUDY POPULATION 
For all three of the studies, we included all patients aged 50 years 
or above with a first time-registered (incident) hospital discharge 
diagnosis of AAA or rAAA. All patients with a previous hospital his-
tory of rAAA, AAA or any other aortic pathology (i.e., aortic dis-
section, thoracic or thoracoabdominal aortic aneurysm, any dila-
tation of the aorta, Marfan syndrome or Ehlers-Danlos syndrome) 
were thus excluded. 

Study I included all incident rAAA patients (cases) recorded in 
the DNRP from 1 January 1996 until 31 December 2008. For each 
rAAA case, one age- and sex-matched AAA patient (control) was 
selected using risk set sampling; i.e., the AAA control had to be 
alive and at risk of rAAA at the time the corresponding case was 
diagnosed. The controls were age-matched within ± 1 year of age 
and were to be diagnosed with AAA within 179 days of the corre-
sponding rAAA case. 

Study II included all incident rAAA cases recorded in the DNRP 
from 1 January 1996 until 31 December 2012. For each rAAA case, 
up to five age- and sex-matched AAA controls were selected using 
the same definitions as in Study I. The eligible control patients 
were allowed to be selected as controls for more than one rAAA 
case.  

Study III included all incident rAAA cases recorded in the 
DNRP from 1 January 1996 until 31 December 2012. For each 
rAAA case, one age- and sex-matched AAA control was selected 
using the same definitions as in Study I. 

EXPOSURE 
Statins (Study I) 
The exposure in Study I was preadmission statin use, defined as 
the filling of at least two statin prescriptions before hospital ad-
mission (index date). The cases and controls were categorized on 
the basis of filled statin prescriptions into current users, former 
users or never users. Current use was defined as the filling of a 
statin prescription within 90 days of the index date. Former use 
was defined as the filling of at least two statin prescriptions more 
than 90 days before the index date. Never users never filled a 

statin prescription. The amount of prescribed statins was quanti-
fied for the individual patients as the cumulative number of filled 
defined daily doses (DDDs), and patients were further categorized 
into quartiles of increasing use. 

RAS-blockers (Study II) 
The exposure in Study II was preadmission use of an ACE-inhibitor 
or an ARB. We used the same user definitions and quantified the 
intensity of the treatment in cumulative filled DDDs as in Study I.  

Low-dose aspirin (Study III) 
In Study III, preadmission ASA use was the exposure of interest. 
The cases and controls were categorized based on filled ASA pre-
scriptions into ASA users, who were defined as having filled at 
least one ASA prescription before the index date, and non-users, 
defined as having no filled ASA prescriptions before the index 
date. The extent of ASA use was quantified in usage years from 
the first filled prescription until the last filled prescription before 
the index date. Additionally, the percentage of ASA coverage was 
computed as years of ASA use divided by the total observation 
time and grouped in quartiles of increasing ASA coverage. 

OUTCOMES 
Risk of rupture (Study I, II, III) 
The outcome of interest in the case-control studies was the asso-
ciation between the use of statins, RAS-blockers and ASA and the 
risk of presenting with rAAA compared to presenting with AAA on 
hospital admission.  

30-day case fatality (Study I, II, III) 
For the follow-up studies, the outcome of interest was the associ-
ation between the use of statins, RAS-blockers and ASA and 30-
day case fatality after hospital admission with rAAA. 

Data validity (Study III) 
In Study III, we additionally assessed the validity of rAAA and AAA 
diagnoses and the validity of ASA use in the registries compared 
to data from the AAA-database based on information from medi-
cal records.  

POTENTIAL CONFOUNDING FACTORS 
We included a number of variables in our studies that could be 
associated with the exposures and outcomes under study and 
thus could potentially confound the results of the analyses. We 
acquired data on age, sex and marital status from the Civil Regis-
tration System. The DNRP provided data on relevant comorbidi-
ties that were diagnosed before the index date. Additionally, the 
DNRP provided data on surgery performed on AAA-patients 
within 180 days of the index date. From the Register of Medicinal 
Product Statistics, we created a medication history for each indi-
vidual patient, including drug use that could possibly affect the 
risk of rupture, the rate of AAA growth or 30-day mortality. Drug 
use that could indicate or unveil important comorbidities not nec-
essarily leading to hospitalization was also considered. Addition-
ally, we obtained data on individual gross-income in the year be-
fore the index date from the Integrated Database for Labor 
Market Research. Lastly, data on all contacts to general practi-
tioners in the year before the index date were attained from the 
National Health Insurance Service Registry.  
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In Study I, we additionally obtained external data on tobacco 
smoking among patients with AAA (Lindholt J, Høgh A, and Thom-
sen MD, unpublished data, 2013) and data on the risk of rAAA in 
smokers compared to non-smokers (Sweeting and colleagues, 
201264) to compute the magnitude of impact from this unmeas-
ured possible confounding factor. Lastly, for Study III, we had 
available data on AAA size for a subgroup of the AAA controls 
from the AAA database. 

STATISTICAL ANALYSES 
The statistical analyses are summarized below. A full description 
of the analyses for each study is provided in the appendices. All of 
the analyses were performed using STATA® (StataCorp LP, College 
Station, TX, USA), Release 12, 13, and 14 for studies I, II and III, re-
spectively. All of our studies were approved by the Danish Data 
Protection Agency (record number 2007-58-0010). Medical rec-
ord review was approved by the Danish National Board of Health 
(record number 7-604-04-2/170/EHE). No ethical approvals are 
necessary for registry-based studies in Denmark. 

Conditional logistic regression analyses (Studies I, II, III) 
In all three of the studies, the cases and controls were matched 
on sex and age. Thus, we used conditional logistic regression anal-
yses to compute odds ratios (ORs) with 95% confidence intervals 
(CIs) of the association between preadmission drug use (statins, 
RAS-blockers and ASA) and the risk of rAAA. As the controls were 
sampled using risk set sampling, the ORs estimate the corre-
sponding incidence rate ratios. We used multivariable conditional 
regression analyses to control for potential confounding factors. 

Cox proportional hazards regression analyses (Studies I, II, III) 
The rAAA cases were followed from date of admission until death 
or end of follow-up (30 days), whichever came first. We used Cox 
proportional hazards regression analyses to compute 30-day mor-
tality rate ratios (MRRs) with 95% CIs. The analyses were re-
peated in multivariable Cox proportional hazards regression anal-
yses to control for potential confounding. The proportional 
hazards assumption was assessed visually by inspection of log-log 
plots. 

Subgroup analyses (Studies I, II, III) 
All of our studies included repeated analyses conducted across 
strata of age, sex and calendar year. Further analyses were per-
formed in subgroups of patients based on cumulative drug use. 
We also conducted subgroup analyses among AAA controls, who 
had AAA repair within 6 months of the index date, and their cor-
responding rAAA cases. We computed separate estimates of both 
risk and 30-day case fatality for the use of the most common 
statins (I). Additional analyses were performed among subgroups 
of patients with different markers of frailty (I, II), patients with 
combined RAS-blocker use (II), rAAA cases stratified according to 
repair status (±surgery) (II, III), and AAA patients with AAA diame-
ters ≥ 5.5 cm (III). 

Sensitivity analyses (Studies I, II, III) 
In Study I, we performed an external adjustment for unmeasured 
confounding by tobacco smoking using a Microsoft® Excel spread-
sheet (Microsoft, Redmond, Washington, USA) from Lash and col-
leagues111,112. Furthermore, to supplement to the analyses men-
tioned above, we systematically repeated the statistical analyses 

with different definitions of drug use (Studies I, II), different inclu-
sion and exclusion criteria (Study I, II), and among patients with a 
leading diagnosis of rAAA or AAA (III).  

Propensity score matched analysis (Study II) 
To examine the robustness of the primary analyses in Study II, we 
used a propensity score-matched design in a supplementary anal-
ysis. We used propensity score matching (1:1) without replace-
ment (nearest neighbor method with a caliper of 0.2 standard de-
viations of the logit of the predicted propensity score) to sample 
controls with balanced baseline predictors for either ACE-inhibi-
tor or ARB use113. We used multivariable logistic regression to 
compute propensity scores for all of the individual patients in-
cluded in the primary study. The balance between cases and con-
trols was assessed, and we adjusted for imbalanced variables 
(standardized differences > 0.1) in the following conditional lo-
gistic regression analysis114. 

Validation (Study III) 
In Study III, we compared the diagnostic coding in the DNRP to 
the clinical findings of rAAA or AAA in the medical records, as re-
flected in the AAA database. We analyzed the concordance be-
tween the diagnostic coding in the DNRP and the information 
from medical records, with estimates of positive predictive values 
(PPVs) with 95% CIs. 

RESULTS 
STUDY I: STATINS AND RAAA 
Characteristics 
From the DNRP, we identified 3,691 rAAA cases that fulfilled the 
inclusion criteria in the study period (1996-2008). For the risk 
analysis, it was possible to match 3,584 rAAA cases (97.1%) to 
3,584 AAA controls. The male: female ratio was nearly 5:1, and 
the median age was 74.4 years (interquartile range, IQR, 11.8 
years). Among the rAAA cases and AAA controls, we found 13.4% 
to be current statin users at the time of hospital admission. 
Simvastatin was the most used statin, comprising almost three 
quarters of the total use, followed by atorvastatin, pravastatin 
and other statins. Selected baseline characteristics are shown in 
Table 7 (also see Supplementary tables S1 and S3, Study I). 

Risk of rAAA (case-control study) 
The results of the risk analyses are presented in Table 8. We 
found current statin use to be associated with a lower risk of pre-
senting with rAAA at hospital admission compared to never using 
statins, adjusted OR: 0.73 (95% CI: 0.61;0.86). Additionally, for-
mer use of statins was associated with a comparable lower risk, 
adjusted OR: 0.74 (95% CI: 0.59;0.94). 

Thirty-day case fatality (follow-up study) 
Thirty-day case fatality was 46.1% in current statin users and 
54.8% in former statin users, compared to 59.3% among never us-
ers. Compared to never statin users, this corresponded to ad-
justed mortality rate ratios (MRRs) of 0.80 (95% CI: 0.68;0.95) for 
current users and 0.98 (95% CI: 0.78;1.22) for former users (Table 
9). 

Subgroup analyses 
In both the case-control and the follow-up study, subgroup anal-
yses across strata of age, sex and calendar year did not reveal any 
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systematic deviations from the primary results. Likewise, sub-
group analyses of different types of statins and cumulative statin 
use yielded comparable results (Supplementary tables S2 and S4, 
Study I). In the case-control study, the results were equally con-
sistent for a subgroup of AAA controls who had AAA repair in the 
first 6 months after admission and their corresponding rAAA 
cases (data not shown). In the follow-up study, we conducted 
analyses that were restricted to patients with and without mark-
ers of frailty (age >80 years, any malignancy or any liver disease). 
Additionally, we repeated analyses in a group of patients with 
comorbidity, suggesting an indication for statin therapy. Neither 
of these sub-analyses substantially changed the estimates (Table 
9). 

Sensitivity analyses 
In the case-control study, sensitivity analyses among different 
groups of former statin users revealed a slightly lower risk reduc-
tion for former users, who discontinued statin use more than 2 
years before admission, compared to more recent users (Table 8). 
Adjustment for unmeasured tobacco smoking was conducted in 
the risk analysis using external data and did not considerably 
change the primary result, adjusted OR: 0.78 (95% CI: 0.66;0.92). 

STUDY II: RAS-BLOCKERS AND RAAA 
Characteristics 
We identified 4,052 rAAA cases and 10,549 AAA controls from the 
DNRP in the study period (1996-2012). For the risk study, we 
aimed to match the rAAA cases 1:5 to age- and sex matched AAA 
controls. It was possible to find matched controls for 3,586 (88%) 
of the rAAA cases. For these cases, we found five matched con-
trols for 3,292 (92%) of the cases, leaving the remaining 294 (8%) 
rAAA cases with between one and four AAA controls. Thus, for 
the case-control study, there were 17,271 AAA controls (Fig. 1, 
Study II).  

The median age among the included patients was 74.5 years 
(IQR: 11.5 years), and the vast majority were males (85.6%). Com-
pared to the rAAA cases, a slightly higher proportion of the AAA 
controls had congestive heart failure and diabetes mellitus regis-
tered. In contrast, the rAAA cases had more peripheral arterial 
diseases and renal diseases registered (Table 1, Study II).  

In total, 3,137 (15%) of the studied patients were current us-
ers of ACE-inhibitors and 1,409 (6.8%) were current ARB users. 
The three most used ACE-inhibitors, comprising 75% of the total 
use, were enalapril (40%), ramipril (23%), and trandolapril (12%). 
Among the ARB users, the three most used drugs (85%) were 
losartan (60%), candesartan (17%), and valsartan (9%). 

Risk of rAAA (case-control study) 
We found no association between current use of ACE-inhibitors 
or ARBs and the risk of rAAA, adjusted ORs: 0.96 (95% CI: 
0.85;1.07) and 0.93 (0.79;1.09), respectively (Table 10). However, 
former use of either ACE-inhibitors or ARBs was associated with a 
reduced risk of presenting with rAAA (Table 10). 
 
Propensity score matched analyses 
In the propensity score matched analyses, we were able to iden-
tify one matched AAA control for each rAAA case (N=3,586). The 
balance of the baseline characteristics were assessed graphically, 
and any unbalanced variables were adjusted for in a multivariable 
conditional logistic regression analyses. The results of the propen-
sity score matched analyses for both ACE-inhibitors and ARBs 

were virtually similar to the results of the main risk analyses (Ta-
ble 11). 

Thirty-day case fatality (follow-up study) 
For the follow-up study, 4,039 rAAA cases were followed from 
hospital admission until death or the end of follow-up (30-days) 
(Table 3, Study II). The cumulative 30-day mortality rate was 
61.0% in current ACE-inhibitor users and 58.6% in current ARB us-
ers compared to 59.4% and 59.9% in never users of ACE-inhibitors 
and ARBs, respectively. The corresponding adjusted MRRs sug-
gested no association between former or current use of RAS-
blockers and 30-day case fatality (Table 12). 

Subgroup analyses 
In the repeated analyses across strata of age, sex and calendar 
year, we found no systematic differences compared to the princi-
pal results. We found no substantial deviations in the subgroup 
analyses of cumulative use of ACE-inhibitors and ARBs (Table 2 
and Table 4, Study II). Analyses allowing one-prescription users to 
be classified as users did not alter the results (data not shown). 
Additionally, the subgroup analyses among AAA-controls with 
presumably large AAAs (surgery within 6 months of hospital ad-
mission) produced estimates close to the primary results (ACE-in-
hibitors, adjusted OR: 0.96 (95% CI: 0.75;1.24) and ARBs, adjusted 
OR: 0.77 (95% CI: 0.54;1.09)). 

In the follow-up study, analysis stratified on repair status re-
vealed no marked differences for the rAAA patients who were 
currently on RAS-blockers and who underwent surgical repair. 
However, former users of RAS-blockers had a higher 30-day mor-
tality following rAAA, (ACE-inhibitors, adjusted MRR: 1.34 (95% CI: 
1.10;1.64) and ARBs, adjusted MRR: 1.43 (95% CI: 1.09;1.87)). 

STUDY III: LOW-DOSE ASPIRIN AND RAAA 
Characteristics 
We identified 4,055 rAAA cases from the DNRP who were eligible 
for the study. For the risk analysis, we found one age- and sex 
matched AAA control for 4,010 rAAA cases (Fig. 1, Study III). The 
median age among the studied individuals was 74.6 years (inter-
quartile range, IQR, 11.8 years). Males comprised 83.4% of the 
study population (Table 1, Paper 3).  

Risk of rAAA (case-control study) 
Preadmission ASA use was found in 1,815 (45.3%) of the rAAA 
cases, compared to 2,111 (52.6%) of the AAA controls. These data 
corresponded to a crude OR of 0.72 (95% CI: 0.66;0.79) for pre-
senting with rAAA for ASA users compared to non-users. How-
ever, when we adjusted for potential confounding factors, we 
found no association between ASA use and the risk of rAAA, ad-
justed OR: 0.97 (95% CI: 0.86;1.08)(Table 13). 

Thirty-day case fatality (follow-up study) 
ASA use was associated with an unfavorable 30-day case fatality. 
We found a cumulated 30-day mortality rate of 60.0% for ASA us-
ers and 56.8% for non-users. The corresponding crude MRR of 
1.24 (95% CI: 1.15;1.35) did not change a great deal upon adjust-
ment for potential confounding factors, adjusted MRR 1.17 (95% 
CI: 1.06;1.28)(Table 14). 

Subgroup analyses 
Results of both the case-control study and the follow-up study 
were robust in repetitive analyses stratified by sex, age, calendar 
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year and visits to a GP in the year before hospital admission. Addi-
tionally, subgroup analyses among AAA controls with large AAA 
diameters or surgery within 6 months of hospital admission did 
not deviate substantially from the primary results (Table 13). The 
stratified analysis on repair status after hospital admission did not 
change the higher 30-day case fatality among the rAAA cases who 
underwent immediate repair. However, unsurprisingly, no associ-
ation between ASA use and 30-day mortality was found in rAAA 
cases in whom surgery was not performed (Table 14). 

Validation of AAA coding in the DNRP compared to medical rec-
ords  
To assess the validity of the AAA and rAAA diagnoses, coding in 
the DNRP was compared to information from the AAA database, 
which comprised information from medical records. An incident 

rAAA diagnosis was considered valid if surgical or radiological evi-
dence of rupture was described upon hospital admission. An inci-
dent diagnosis of AAA was confirmed if the first ultrasound or 
computer tomography scan described an infrarenal AAA of ≥ 3.0 
cm. Table 15 provides the result of the medical record review. 

The positive predictive value for a rAAA diagnosis was 
854/996 = 85.7% (95% CI: 83.4;87.9). For an AAA diagnosis, the 
PPV was 2,523/2,620= 96.3% (95% CI: 95.5;97.0). 
 
 
 

 
 
Table 7. Characteristics at hospital admission for 3,584 rAAA cases and 3,584 age- and sex-matched AAA controls, Denmark 1996-2008. Adapted from 
Wemmelund et al., Br J Surg, 2014115 
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Table 8. Associations between preadmission statin use and risk of rAAA, Denmark 1996-2008. From Wemmelund et al., Br J Surg, 2014115 

 
 
Table 9. Thirty-day mortality and adjusted mortality rate ratios (MRRs) after admission with rAAA, Denmark 1996-2008. Adapted from Wemmelund et 
al., Br J Surg, 2014115 

 
 
 Table 10. Associations between preadmission ACE-inhibitor and ARB use and risk of rAAA, Denmark 1996–2012. 

 
 
 
Table 11.  Propensity score matched analysis of associations between preadmission ACE-inhibitor and ARB use and risk of rAAA, Denmark 1996–2012. 
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Table 12. Thirty-day mortality and adjusted mortality rate ratios (MRRs) after admission with rAAA, Denmark 1996-2012. 

 
 
Table 13. Preadmission use of low-dose aspirin and risk of rAAA, Denmark 1996-2012 

 
 
 
Table 14. Preadmission use of low-dose aspirin and 30-day mortality after rAAA, Denmark 1996–2012 
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Table 2. Medical record review for 3,616 patients with a registered incident diagnosis of rAAA or AAA in the DNRP, Denmark 1996-2008. 

DISCUSSION 
MAIN CONCLUSIONS  
Study I: Statins 
Preadmission statin use was associated with an approximately 
25% lower risk of presenting with rAAA on hospital admission. Ad-
ditionally, preadmission statin use was associated with 20% lower 
30-day all-cause case fatality following hospital admission with 
rAAA. 

Study II: RAS-blockers 
Preadmission use of RAS-blockers was neither associated with a 
lower risk of presenting with rAAA on hospital admission or with a 
lower 30-day all-cause case fatality following hospital admission 
with rAAA. 

Study III: Low-dose aspirin 
Preadmission ASA use was not associated with a lower risk of pre-
senting with rAAA on hospital admission. However, preadmission 
ASA use was associated with an approximately 20% higher 30-day 
all-cause case fatality following hospital admission with rAAA. 

METHODOLOGICAL CONSIDERATIONS 
Selection bias 
Selection bias has been defined as “a systematic error in a study 
that stems from the procedures used to select subjects and from 
factors that influence study participation”116. Thus, selection bias 
can occur if an association between exposure and outcome is dif-
ferent in study participants compared to non-participants. 

The studies presented in this dissertation were population-
based and included almost all registered incident rAAA cases and 
age- and sex-matched controls. Moreover, we had virtually com-
plete follow-up data for the studied individuals. Although the risk 
of selection bias was therefore minimized, it cannot be totally ex-
cluded. 

A potential source of selection bias may arise from the un-
known proportion of rAAA patients who fail to reach the hospital 
and consequently are ineligible for study inclusion. If sudden 
death due to rAAA is associated with use of the drug under study, 
selection bias could be introduced. However, we believe that an 
association of this kind would be unlikely, in particular for statins 
and RAS-blockers. In Study III, the proportion of those receiving 
ASA among rAAA cases is quite similar to the proportion among 
the AAA controls. This fact, in combination with the apparent 
modest harmful effect postoperatively after rupture, suggests 
that use of ASA did not influence the probability of arrival to the 
hospital with rupture. 

Another potential source of selection bias could be the so-
called healthy user bias. Past studies considering the effect of 
statin use have suggested statin users to be healthier than non-
users and to exhibit more beneficial health behavior. However, 
data from a recent Danish study showed that, in general, statin 
users in Denmark were neither healthier nor exhibited any more 
beneficial health behavior than non-users117. Additionally, in stud-
ies I and II, we considered frailty (defined as advanced age, regis-
tered cancer or liver disease) as a source of selection bias that 
would potentially influence both exposure and outcome. The sub-
group analyses among frail patients did not, however, reveal any 
substantial changes in the estimates. 

Information bias  
Information bias can occur if “the information collected about or 
from study subjects is erroneous”116 and this incorrect infor-
mation in unevenly distributed among the groups under study.  

In all three of the studies, we had access to comprehensive 
data regarding preadmission drug use. However, even though the 
Register of Medicinal Product Statistics has a high degree of com-
pleteness, it only reflects filled prescriptions and is thus a proxy-
measure of the actual “pill in the mouth”. This limitation intro-
duces possible information bias in terms of misclassifying subjects 
as being current users, former users or non-users of the drug un-
der study. The partial reimbursement of many drugs (including 
statins, RAS-blockers, and ASA) requires patients to provide some 
of the payment for the drug. In studies I and II, we made the re-
striction that only users who had filled at least two prescriptions 
were represented as users of either statins or RAS-blockers. As we 
considered it unlikely that patients will continue to pay for a drug 
they did not use, the restriction should at least in part reduce the 
extent of information bias. The results were virtually unchanged 
in our repeated analyses without the above restriction. In Study 
III, however, the drug under study (ASA) was available as an over-
the-counter drug in addition to by prescription. Consequently, 
with no need for prescription and definite registration of ASA use, 
a major source for information bias could be introduced. The ex-
tent of this bias may have decreased during the study period, 
however, given that the percentage of ASA prescription sales in-
creased from 62% to 92% from 1999-2012118. Still, a misclassifica-
tion of this kind would most likely be non-differential and thus 
bias our results toward a null association.  

Another source of information bias is the potential misclassifi-
cation of rAAA cases. The implausibility of surviving > 30 days af-
ter rAAA admission without surgical repair led us to exclude these 
cases. However, these patients could still have undergone sur-
gery. As we were not able to rule out whether this was due to in-
correct coding of the surgery performed, we chose to err on the 
side of caution. Exclusion strategies evolved slightly during the 
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course of the studies, with 111 cases excluded from Study I, 526 
cases from Study II, and 477 from Study III. The PPV for a diagno-
sis of rAAA (85%) found in our validation of rAAA and AAA diagno-
ses correlates well to the percentage of excluded cases (roughly 
15% in Study II and III). Still, the magnitude of this potential infor-
mation bias is likely to be rather small as repeated analyses with 
inclusion of these patients left the primary results in all three of 
the studies unchanged.  

Confounding 
Confounding bias can arise “if the effect of the exposure is mixed 
with the effect of another variable”116. By definition, a confound-
ing factor needs to be associated with both exposure and out-
come without being on the casual pathway from exposure to out-
come. Furthermore, the confounding factor needs to be 
imbalanced in the exposure groups under study. Dealing with 
confounding is an essential issue in observational studies. Poten-
tial confounding can be controlled by restriction and matching 
during the study design and stratification and adjustment in the 
analyses116. 

In the three presented studies, we used restriction in the 
study design by including incident rAAA cases and AAA controls 
only. The restriction was primarily performed to limit the extent 
of potential confounding by indication as well as to limit other po-
tential actions from attending doctors after diagnosis. Further-
more, we chose a matched design to limit potential confounding 
by sex and age, which are known risk factors for AAA. During the 
analyses, we used both stratification and multivariable logistic re-
gression, conditioned on the matched factors. We adjusted for a 
range of potential confounding factors using comprehensive data 
from the registries, including comorbidity, concomitant drug use, 
primary health care utilization and socioeconomic factors.  

In Study I, we additionally performed an external adjustment 
to control for unmeasured confounding by tobacco smoking, 
leading to a small decrease in the risk estimate. In Study II, we at-
tempted to balance the potential confounding factors between 
rAAA cases and AAA controls by propensity score matching in a 
sub-study. The results remained virtually unchanged. In Study III, 
we analyzed the association between preadmission ASA use and 
rAAA in a small subgroup with known large AAAs (≥ 5.5 cm). AAA 
size is an important predictor for rAAA; however, in our study, 
AAA size was more likely an intermediate step between exposure 
and outcome rather than a confounding factor. Still, AAA size has 
been considered a confounding factor in previous studies focus-
ing on AAA growth, and these studies thus controlled for baseline 
AAA-diameter24,56,58,100. We sought to explore whether the differ-
ent baseline risks of rAAA in the case group compared to the con-
trol group influenced our estimates. The analysis did not suggest 
that differences in baseline AAA size substantially influenced our 

estimates. The subgroup analyses among AAA controls with pre-
sumably large AAAs (Study I, II, III) yielded comparable results.  

Despite the control of a wide range of confounding factors, 
we cannot exclude the possibility that unknown or unmeasured 
factors may have confounded the estimates. Notably, tobacco 
smoking could still be an important residual confounding factor, 
even though we attempted to control for this factor by external 
adjustment in Study I and indirectly through adjustment for 
chronic pulmonary disease in the adjusted analyses (Study I, II, 
III). 

Precision 
The width of 95% confidence intervals presented throughout the 
thesis and in the three studies reflects the statistical precision. 
The statistical precision was high in most of the main analyses of 
the large population-based studies. However, caution must be 
taken when interpreting the findings of the sub-analyses, where 
the precision was lower and the results were more susceptible to 
chance. 

COMPARISON WITH THE EXISTING LITERATURE 
Study I: Statins 
To our knowledge, Study I is the largest study to assess the impact 
of preadmission statin use on the risk of rAAA and 30-day case fa-
tality after rAAA. The Study I findings of a reduced risk of rAAA in 
statin users are in concordance with the recently published study 
from UK, which analyzed risk factors for rAAA among patients ad-
mitted for elective AAA-surgery and emergency rAAA surgery34. 
The reported rAAA risk reduction among preadmission statin us-
ers (adjusted OR: 0.50, 95% CI: 0.32;0.77) is comparable to our 
findings. The remaining published studies investigated statin use 
and AAA growth (see section 2.1.2). Four of the small studies sug-
gested a decreased AAA growth in statin users and thus appear 
supportive of our results54,55,61,63. However, our results do not 
seem to agree with the large studies, as none of these found a re-
duction in AAA growth with statin use52,56,57. Additionally, the 
meta-analysis of individual data by Sweeting et al. did not indicate 
a lower AAA growth rate in statin users or a lower risk of rAAA64. 
However, differences in the definitions of exposure and outcome 
and heterogeneity among the studies included in the meta-analy-
sis make a direct comparison to our study results challenging. Fur-
thermore, the reduced risk of rAAA may be unrelated to growth 
or potential growth retardation and may rather reflect a stabiliza-
tion of the AAA, which could render the AAA less likely to rupture. 
The comparable lower risk of rAAA found in former and current 
users of statins could be interpreted as supporting a non-causal 
association. How

ever, the lower risk of rAAA could also be a result of a stabilizing, 
retained anti-inflammatory effect of earlier statin therapy in the 
aortic wall. A protracted effect of atorvastatin has previously 
been described119. However, this interpretation remains specula-
tive, and further studies on the causal mechanisms will be re-
quired to support this hypothesis. 

Only one study examined the association between preadmis-
sion statin use and short-term mortality after rAAA65. The finding 
of a reduced in-hospital mortality rate is in accordance with our 
results. However, the studies are not directly comparable given 
that only patients admitted to the ICU after rAAA surgery were 
considered in the small single-center study. Additionally, patients 
(20% of eligible cases) with a living will or an advance directive 

against life-sustaining treatment were excluded from the study. 
Both measures leave potential for selection bias among the stud-
ied cases given that both patients who died in the immediate 
perioperative period as well as potentially frail patients were ex-
cluded. The finding of lower 30-day mortality in statin-treated pa-
tients was also reported in a RCT examining fluvastatin treatment 
and the risk of perioperative myocardial ischemia in non-cardiac 
vascular surgery; in this previous study, half of the analyzed pa-
tients underwent AAA repair120. A reduced 30-day mortality (HR: 
0.47, 95% CI: 0.24;0.94) from cardiovascular causes, including 
nonfatal myocardial infarction, was found as a secondary out-
come. Although this previous analysis is not directly comparable 
to our study, with respect to mortality following rAAA, this study 
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and the remaining three studies in our literature review66-68 all 
point to a reduced short-term mortality in statin users after AAA 
repair. The exact magnitude of the effect and the underlying 
mechanisms eliciting this association are, however, unknown. 

Study II: RAS-blockers 
As discussed in section 2.2.2, previous studies on RAS-blockers 
and rAAA and AAA growth have reported contrasting results. The 
largest and most comparable study from Canada reported a re-
duced risk of rAAA in current users of ACE-inhibitors and a slightly 
increased risk of rAAA in former users of ACE-inhibitors91. These 
results are in contrast to our findings that current use of ACE-in-
hibitors was not associated with the risk of rAAA and that former 
use was associated with a lower risk of presenting with rAAA. The 
two studies are comparable in their population-based design and 
size, and the available data from the utilized registries share com-
mon characteristics. However, some important differences exist; 
i.e., the AAA controls in the Canadian study were younger and 
had undergone more extensive cardiovascular investigation (in-
cluding cholesterol testing, electrocardiography, echocardiog-
raphy and aortic imaging) than the rAAA cases. Although Hackam 
and colleagues adjusted for health care use in their analyses, a 
degree of confounding by indication cannot be excluded as a pos-
sible explanation of the results. 

None of the remaining studies that evaluated RAS-blockade 
and AAA growth are directly comparable to our study56-58,86-88. 
The predominant finding that AAA-growth is not associated with 
the use of RAS-blockers may support our findings of a null associ-
ation. Still, the measures of AAA growth and rAAA may not repre-
sent the same pathophysiological entity given that not all large 
AAAs rupture and not all ruptured AAAs are (very) large. 

A Danish follow-up study using the exact same registries with 
almost the same time span found a decreased risk of surgery for 
AAA in patients treated with ACE-inhibitors. However, this study 
reported no association between the use of ARBs and risk of AAA 
surgery85. Although investigating largely the same population, the 
methods and outcome measures differed significantly between 
the studies. The study by Kristensen et al. included both AAAs and 
thoracoabdominal aneurysms. It is, however, not clear whether 
these diseases share the exact same pathophysiology; thus, a di-
rect comparison is difficult if not impossible. 

We found no association between the use of RAS-blockers 
and case fatality following rAAA. To the best of our knowledge, no 
other studies examined the same association. A retrospective Ca-
nadian cohort study found that RAS-blockade is associated with 
increased 30-day mortality following elective open aortic repair92. 
Furthermore, the aforementioned Danish cohort study found that 
the use of ACE-inhibitors or ARBs was associated with a favorable 
AAA-specific and all-cause mortality after an AAA diagnosis85. Pa-
tients with AAA were included 60 days after an AAA diagnosis and 
followed until death, surgery or emigration. However, as patients 
with AAA were censored at surgical intervention, a comparison to 
our study was unfortunately rendered unfeasible. 

Study III: Low-dose aspirin 
In our large population-based study, we found no association be-
tween preadmission ASA use and the risk of rAAA. The only other 
study concerning ASA use and rupture risk included a mixture of 
patients with AAA and thoracic and thoracoabdominal aneu-
rysms, and the outcome included aortic dissection99. However, a 
marked reduced risk of both dissection and rupture was found in 

ASA users. Still, the methodology of the study was very unclearly 
described, and as both the study population and outcome were 
different, a firm comparison with our study was not possible. 

The majority of studies on AAA growth in ASA users found no 
association between AAA growth and the use of ASA54,56-59. As 
previously addressed, three of these studies did not exclusively 
consider ASA use but considered antiplatelet use as the expo-
sure57,58. However, this difference was not considered a major 
limitation given that ASA is believed to be the predominantly 
used antiplatelet drug. Additionally, the hypothesis of ASA action 
was linked to thrombocyte inhibition. The two Danish surveillance 
studies found a reduced AAA growth rate in ASA users24,100. These 
findings were proposed to be linked to an attenuated activity of 
the intraluminal thrombus, which in turn led to the hypothesis 
that more direct-acting anti-platelets would be beneficial121. The 
ongoing RCT examining the effect of Ticagrelor on AAA-growth is 
expected to shed light on this hypothesis 101.  

Our finding of an adverse outcome in ASA users following 
rAAA was not confirmed in any previous studies. The mechanism 
of this adverse outcome could be explained by a disturbed coagu-
lative status due to thrombocyte blockade in ASA users following 
rAAA. However, a RCT studying ASA use and perioperative mortal-
ity in non-cardiac surgery reported an increased risk of major 
bleeding in ASA-users, but no excess in 30-day mortality was 
found122. In an observational follow-up study among vascular sur-
gery patients, reduced 30-day and 5-year mortalities were sug-
gested for patients who were treated with anti-platelet therapy 
compared to those receiving no such therapy 123. 

PERSPECTIVES 
The reported AAA prevalence and rAAA mortality has been declin-
ing in recent years4,124. However, AAA and rAAA in particular re-
main significant causes of mortality and morbidity in the elderly, 
predominantly male, population. 

The studies in this thesis extends current knowledge regard-
ing the risk of rAAA and case fatality following rAAA among pa-
tients with the preadmission use of commonly used cardiovascu-
lar drugs, namely, statins, RAS-blockers and low-dose aspirin. We 
were able to show a lower risk of rAAA and a lower 30-day case 
fatality in statin-treated patients. Furthermore, we found an ad-
verse 30-day case fatality following rAAA in ASA-treated patients. 

The results of our studies support current guidelines31,125, rec-
ommending the initiation of statin therapy in patients with AAA. 
The study on RAS-blockers do not indicate any beneficial effect in 
relation to the risk of rAAA, neither do they seem to cause any 
harm. RAS-blockers should thus be initiated or continued if other-
wise indicated. Our results do not provide sufficiently strong evi-
dence to recommend against the use of ASA in patients with 
asymptomatic AAAs given that the anticipated general cardiovas-
cular protective effect is considered more important than the risk 
of an adverse outcome if the patient should suffer a rAAA. 

The uniformly organized Danish health care system and the 
possibilities of linking health care and administrative registries 
provide excellent settings for large population-based studies that 
examine both the risk of rAAA and the prognosis of patients with 
AAA. Furthermore, the implementation of a national screening 
program in Denmark with prospective registration of standard-
ized AAA measurements and the surveillance of AAA patients at 
risk of rAAA would facilitate studies of the association of AAA 
growth, AAA rupture risk, and potentially beneficial drug therapy. 
However, given the complex and still not fully understood patho-
physiology of AAA, in combination with the results presented in 
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this thesis, no “wonder-drug” that eliminates the risk of rupture 
exists or is expected. For now, the results of three ongoing RCTs 
investigating the effects of ACE-inhibitor, ARB and antiplatelet 
treatments on AAA-growth are awaited89,90,101. 

Until this time, the care for patients with detected small AAAs 
should continue to be surveillance (watchful waiting), evaluation 
of the need for and the possible initiation of cardiovascular 
prophylactic treatment to prevent adverse cardiovascular out-
comes in this population, which is at a high risk of concomitant 
cardiovascular disease126. 

SUMMARY 
An abdominal aortic aneurysm (AAA) is an enlargement of the ab-
dominal aorta. It is a common disease in the elderly, with a preva-
lence of 1-5%. An AAA is normally asymptomatic, and the diagno-
sis is often incidental, identified when a patient is examined for 
other conditions. The major risk of having an AAA is sudden rup-
ture and death caused by massive hemorrhaging. As rupture risk 
increases with increasing AAA diameter, the current management 
strategies include regular imaging surveillance and elective repair 
before rupture occurs.  

Ruptured AAA (rAAA) carries high mortality, and an identifica-
tion of a drug or compound with the potential to halt the growth 
of an AAA and/or reduce the risk of a rAAA is needed. Thus, the 
aims of this thesis were to examine the clinical impact of treat-
ment with statins (Study I), renin-angiotensin system (RAS) block-
ers (Study II), and low-dose aspirin (ASA)(Study III) on the risk of 
rAAA and case fatality following rAAA. The thesis is based on 
three nation-wide, combined case-control and follow-up studies 
using data from Danish population-based health-care and admin-
istrative registries.  

In Study I (1996-2008), we included 3,691 patients with an in-
cident diagnosis of rAAA (cases). For the risk analyses, we 
matched 3,584 rAAA cases to 3,584 age- and sex-matched pa-
tients with an incident diagnosis of AAA (controls). Current statin 
use was associated with a lower risk of rAAA, adjusted odds ratio 
(OR): 0.73 (95% CI: 0.61;0.86), compared to never use of statins. 
Furthermore, current statin use was associated with a lower 30-
day case fatality following rAAA, adjusted mortality rate ratio 
(MRR): 0.80 (95% CI: 0.68;0.95). 

 In Study II (1996-2012), we identified 4,052 rAAA cases and 
10,549 AAA controls. We were unable to demonstrate any associ-
ation between the current use of either angiotensin-converting 
enzyme (ACE) inhibitors or angiotensin receptor blockers and the 
risk of rAAA, adjusted ORs: 0.96 (95% CI: 0.85;1.07) and 0.93 (95% 
CI: 0.79;1.09), respectively. The results were robust in supple-
mental propensity score matched analyses. Likewise, no associa-
tion between current use of RAS-blockers and 30-day case fatality 
was found.  

In Study III (1996-2012), 4,055 rAAA cases were included. The 
adjusted OR for the risk of rAAA in ASA users compared to non-
users was 0.97 (95% CI: 0.86;1.08). However, ASA use was associ-
ated with an unfavorable 30-day case fatality, adjusted MRR 1.17 
(95% CI: 1.06;1.28), corresponding to an excessive rAAA case fa-
tality in ASA users of nearly 20%.  

In conclusion, we found an approximately 25% lower risk of 
rAAA and 20% lower 30-day case fatality in statin-treated pa-
tients. Furthermore, we found an almost 20% higher 30-day case 
fatality following rAAA in ASA treated patients. No association be-
tween the use of RAS-blockers and the risk of rAAA or case fatal-
ity following rAAA was found. Similarly, we found no association 
between the use of ASA and the risk of rAAA. 
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