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Abstract

Background—Statins have been suggested to reduce expansion of abdominal aortic aneurysms
(AAA) independent of lipid lowering effects.

Methods—We assessed the association of statin treatment and serum low density lipoprotein (LDL)
concentrations with small AAA expansion. 652 patients undergoing surveillance of small AAAs
were entered into the study from five vascular centers. In a subset fasting lipids (n=451) and other
biomarkers (n=216) were measured. AAA diameter was followed by ultrasound surveillance for a
median of 5 years.

Results—349 (54%) of the patients were prescribed statins. Adjusting for other risk factors statin
prescription was not associated with AAA growth (odds ratio, OR, 1.23, 95% confidence interval,
Cl, 0.86-1.76). Above median AAA growth was positively associated with initial diameter (OR 1.78
per 4.35mm larger initial aortic diameter, 95% CI 1.49-2.14) and negatively associated with diabetes
(OR 0.37, 95% CI 0.22-0.62). Above median serum LDL concentration was not associated with
AAA growth. Patients receiving statins had lower serum C-reactive protein concentrations but similar
matrix metalloproteinase-9 and interleukin-6 concentrations to those not prescribed these
medications.

Conclusions—We found no association between statin prescription or LDL concentration with
AAA expansion. The results do not support the findings of smaller studies and suggest that statins
may have no benefit in reducing AAA progression.
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Introduction

Methods

Abdominal aortic aneurysm (AAA) is recognized as an important cause of death in older men
[1,2]. A number of trials have demonstrated the advantage of ultrasound screening for AAAs
in older men and screening has been introduced in a number of countries [3]. Most AAAS
detected by screening programs are small measuring <55mm in diameter [4]. Patients with
AAA:s of this size do not benefit from open surgery and the role of endovascular repair is
controversial [5-7]. Thus most AAAs identified by surveillance are treated conservatively and
monitored by repeated imaging unless the AAA expands above the local intervention threshold
[8]. Currently only a few small randomized controlled trials have assessed the efficacy of
medication in slowing AAA progression without clear evidence of an effective drug to date
[9-12].

Data from some but not all observational studies suggest that concurrent prescription of statins
is associated with reduced AAA expansion rates [13-17]. These studies have however been
small and not all analyses have adjusted for risk factors associated with statin prescription or
AAA progression [13,15,17].

The aim of this study was to assess the association of statin treatment with AAA expansion in
a large cohort of patients with small AAA. In a sub-group of patients we also assessed the
association of serum low density lipoprotein (LDL) with AAA progression.

Study design and patients

In order to assess the association of statin prescription with AAA progression we aimed to
recruit at least 600 patients in order to have a power of >80% to detect a 25% difference in
annual AAA growth (estimated as 1.2+1.2 mm/year, alpha 0.05) [18]. Patients were recruited
from five vascular centers from Australia and New Zealand, including Fremantle Hospital,
Western Australia; The Townsville Hospital, Queensland; Gosford Hospital, New South
Wales; Box Hill Hospital, Victoria; and Christchurch Hospital, New Zealand.

The study was approved by the relevant ethics committees at each site and informed consent
was obtained from participating patients. We included consenting patients with small AAA
(infrarenal aortic diameter 30-50 mm) for whom the recruiting clinician had no current plans
for AAA repair. Patients were assessed by clinical interview and physical examination in order
to collect risk factor and medication history. Items recorded included age, gender, diabetes
mellitus (DM), hypertension, coronary heart disease (CHD), stroke, peripheral artery disease
(PAD), dyslipidaemia, smoking history (categorized as current or past smoker, or never
smoked), family history of AAA or sudden death. Height, weight, waist and hip circumference,
systolic and diastolic blood pressure were measured by a research nurse. Height, weight, waist
and hip circumference were measured in order to calculate body mass index (BMI) and waist
to hip ratio (WHR). Risk factors were defined by prior history or treatment, as previously
described [19]. We routinely recorded details of medications on only one occasion. Medication
prescription during surveillance was based on one interview with the patient and chart review
according to drug classes including statins, angiotensin converting enzyme (ACE) inhibitors,
angiotensin-2 receptor blockers, aspirin, beta-blockers, calcium-channel blockers, diabetic
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medications and non-steroidal anti-inflammatory drugs (NSAID). Duration of therapy and
statin dose was not routinely recorded.

Ultrasound surveillance

Maximum antero-posterior and transverse infra-renal aortic diameter were measured by
experienced sonographers using a 3.75 MHz transducer and ultrasound machines present in
vascular laboratories of each centre (Toshiba Capasee; Philips HDI 5000; GE Logic 9; Siemens
Acuson Antares; Philips 1U22). The reproducibility of aortic diameter measurements were
regularly assessed at each vascular laboratory, as previously described [20,21]. An example of
the results from one group of patients assessed in Queensland is given. Ten patients were
assessed on two separate occasions and results analyzed with Bland-Altman plots. The mean
of measurement differences (£2SD) was 0.4mm (—2.62, 3.42). The interval for repeated
imaging was at the discretion of the local clinician but in general repeated scans were carried
out yearly for 30—-44 mm AAAs and 6 monthly for 45-50 mm AAAs.

Measurement of fasting lipids and serum inflammatory markers

Cholesterol, triglyceride, high and low density lipoprotein were measured in a subset (n=451)
by automated enzymatic methods [22]. Serum C-reactive protein (CRP), matrix
metalloproteinase-9 (MMP-9) and interleukin-6 (IL-6) concentrations were measured in a
further subset (n=216). CRP concentration was measured by immunophelometry using the
BNII analyzer as reported previously (Dade Behring, Milton Keynes, UK) [20]. MMP-9 and
IL-6 concentrations were measured in serum using previously validated enzyme-linked
immunosorbent assays (Duoset®; R&D Systems, Minneapolis, Minnesota, USA) [23].

Statistical analyses

Funding

Demographic and clinical patient characteristics of statin users compared to non-users were
compared using x2 and the Mann-Whitney U tests.

The annual growth rates of AAAs were assessed by taking into account all diameters measured
during follow-up and calculating time-weighted average growth rates for each patient. Median
yearly AAA growth rates for the whole cohort were calculated and expansion > or < median
noted. The relationship between statin treatment and AAA expansion > or < median was
examined using logistic regression analysis adjusting for variables known to influence AAA
growth rate and risk factors disparate between patients receiving statins and those not
prescribed this medication. Continuous variables were scaled by the standard deviation to
calculate more easily comparable odds ratios. In a further analysis we also assessed the
relationship between statin prescription and AAA growth above median during the year
following collection of medication history using similar methods. In the sub-group for which
fasting lipids were measured we also assessed the association of LDL with AAA growth using
Spearman’s correlation and logistic regression (adjusting for initial aortic diameter, CHD and
diabetes). The latter analysis was performed separately for patients who were receiving statins
and those not prescribed this medication. For the latter purpose LDL concentrations were
converted to > or < median. A p-value of less than 0.05 was considered statistically significant.
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Results

Characteristics of patients in relation to statin prescription

652 patients were included in this study. Statins were prescribed to 349 (54%) patients, which
included simvastatin (47%), atorvastatin (35%), pravastatin (17%) or fluvastatin (1%). AAA
diameter was followed by ultrasound surveillance for a median of 5 years (inter-quartile range,
IQR 3-6). Patients underwent a median of 6 (IQR 5-7) scans. Median AAA growth for all
patients was 1.1mm/year (IQR 0.5-2.0). Table | shows the characteristics of the patients in
relation to statin prescription. Patients prescribed statins were significantly younger, more
likely to be female (although this was still rare), and to have a range of other risk factors,
including hypertension, CHD, PAD and history of smoking. The initial AAA diameter was
slightly larger in statin users. Patients receiving statins had lower serum total cholesterol and
LDL (where these were measured). Statin users were also more likely to be prescribed aspirin,
beta-blockers and ACE inhibitors (Table I). The subset of male patients in which serum
inflammatory markers were measured was younger and less likely to have hypertension, CHD,
PAD or previous stroke than the total patient group. The initial AAA diameter was also lower
in these patients (Table I). Serum CRP was lower in statin users (2.39 mg/L, IQR 1.13-5.00,
n=118) than non-users (3.84 mg/L, IQR 1.86-7.52, n=98, p<0.001). Serum MMP-9 and IL-6
concentrations were similar in both groups (Table I).

Relationship between statin prescription and AAA growth

AAA growth rates were similar for patients who were and were not prescribed statins (Figure
1). Adjusting for other risk factors statin prescription was not associated with AAA growth
(odds ratio, OR, 1.23, 95% confidence interval, Cl, 0.86-1.76, Table II). There was no
association with growth for any type of statin prescribed (simvastatin OR 1.22, 95% CI 0.72-
2.05; atorvastatin OR 0.95, 95% CI 0.54-1.66; pravastatin OR 1.78, 95% CI 0.84-3.75) or
when AAA growth was only considered within the year in which the statin prescription was
recorded (statin use OR 1.04, 95% CI 0.73-1.49). Above median AAA annual growth was
strongly associated with initial diameter (OR 1.78 per 4.35mm larger initial aortic diameter,
95% CI 1.49-2.14). Diabetes was negatively associated with above median growth (OR 0.37,
95% CI 0.22-0.62). The association of statin use with AAA growth was similar for all five
centers (Figure 2).

Relationship between serum lipids and AAA growth

451 patients (69%) had fasting serum lipids measured. Table I shows the characteristics of
patients with fasting serum lipid measurements compared to the total cohort. Patients with lipid
measurements were younger, more likely to be female, and to have PAD and a family history
of AAA. This subset of patients was also more commonly prescribed a variety of medications
(Table I). After adjustment for initial aortic diameter, CHD and diabetes, above median serum
LDL was not significantly associated with AAA growth in patients prescribed statins (OR 1.64
95% ClI, 0.99-2.70) or those not prescribed statins (OR 1.11 95% CI, 0.59-2.09). Serum LDL
was not correlated with AAA growth rate in patients prescribed statins (r=0.072, p=0.229) or
patients not prescribed statins (r =—0.012, p=0.873). There was also no correlation between
total cholesterol and AAA growth rate in either group (patients prescribed statins, r =0.035,
p=0.556; patients not prescribed statins r =—0.026, p=0.732).

Discussion

In this large observational study we found no relationship between statin prescription and AAA
growth. We also found no association between serum LDL or total cholesterol and AAA
growth. Our findings do not support those of some smaller studies which reported reduced
AAA growth in statin users (Table 111) including two studies that adjusted for other

Am Heart J. Author manuscript; available in PMC 2011 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ferguson et al.

Page 5

determinants of AAA growth [14, 16]. The current study includes more than 3 times the number
of patients entered in previous investigations of the association between statin prescription and
AAA growth (Table I11). Our findings support those from a recent study of patients carried out
in Tromso [24]. Forsdahl and colleagues carried out ultrasound imaging at recruitment and 7
years later in 4000 subjects and reported no reduction in the incidence of AAA development
in individuals prescribed statins. The report suggests that statins do not limit the development
of AAA. Statins were developed to lower serum LDL and have been demonstrated to
effectively perform this in many studies [25]. Patients receiving this medication in the current
study had lower serum LDL concentrations. We did not find any association between serum
LDL and AAA growth, irrespective of whether patients were receiving statins. Thus our
findings support other evidence suggesting that the mechanisms involved in AAA progression
are distinct from those of atherosclerosis. We and others have for example previously
demonstrated that diabetes is negatively associated with AAA progression [18, 26, 27], an
association that was confirmed in the current study. Overall our findings suggest that targeting
LDL is unlikely to be a successful strategy to reduce AAA progression although it will remain
indicated in patients with current occlusive atherothrombosis, such as CHD.

Evidence from some rodent models and biopsies of human AAA suggest that statins may
decrease the expression of proteolytic enzymes within the aortic wall [28-32]. In the current
study we found no evidence that circulating concentrations of MMP-9 were reduced in patients
receiving statins. This finding is similar to that reported by other investigators [17,33]. There
are a number of possible explanations for these findings. It is possible that statins initially
reduce the concentrations of proteolytic enzymes within the AAA however the on-going
inflammatory response ultimately causes resistance to the effect. Alternatively the circulating
concentrations of MMP-9 may not reflect those present within the aortic tissue [34]. The lack
of effect of statins on circulating MMP-9 concentration does fit with our overall finding of no
association between statin prescription and AAA expansion. We similarly found no significant
reduction in circulating IL-6 concentrations in patients receiving statins, although this finding
may have been different if larger numbers had been examined. This cytokine is likely to be
released into the circulation from AAAs [35]. CRP concentrations were reduced in patients
prescribed statins, in line with findings of other studies [36—-39]. However, we have previously
shown that CRP concentrations are not associated with AAA progression [20].

The current study has a number of limitations. Firstly we have used logistic regression to assess
differences in AAA growth. It has been suggested that much more complex modeling of small
AAA growth is required in order to predict accurately the growth of small AAAs [26]. We
have previously assessed the growth pattern of a subset of our patients with small AAA and
found that growth conformed to requirements of simpler statistical modeling [40]. The
difference between our findings and that of Brady and colleagues likely reflects the small initial
diameters of AAAs in our cohort. We currently do not have expertise required to carry out the
complex modeling suggested by Brady and colleagues. Secondly the current study is not a
randomized trial and thus we cannot make definitive conclusions on the effects of statins on
AAA progression. Such a trial would now appear impossible to organize due to the increasing
number of patients receiving this medication as part of other treatment targets. A recent
observational study of patients with small AAAs reported a 40% incidence of statin users
between 2002 and 2005 [14]. In the current cohort 68% of patients recruited over the last 2
years reported being statin users. These numbers are likely to increase with reports of reduced
perioperative mortalities in patients prescribed statins. In the likely absence of a large statin
trial we therefore believe our current study is an important association study and have adjusted
our analyses for likely confounding factors. Thirdly we have not assessed patient compliance
with prescribed medications in detail. The much lower serum LDL and cholesterol levels in
the patients recorded as statin users are consistent with patients taking their medication as
reported. Fourthly we only collected statin prescription on one occasion during ultrasound
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surveillance, thus it is possible that changes in statin prescription during follow-up confounded
our analysis. In a sub-analysis in which we assessed AAA growth within the year in which the
statin prescription was recorded we similarly found no relationship between statins and AAA
progression.

Conclusion

Our findings suggest that treatment with statins and serum LDL levels are not associated with
small AAA growth. We have confirmed the negative association of diabetes and AAA
progression. Our findings support the need for on-going pre-clinical studies and randomized
trials designed to develop medication targeted specifically at reducing AAA growth.
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Figure 1.

Median maximum infrarenal abdominal aortic diameter (mm) of patients treated with and
without statins during six years of ultrasound surveillance. Vertical error bars represent
interquartile range.
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Figure 2.
Association of statin prescription and AAA growth. Shown are adjusted odds ratios and 95%
confidence intervals (CI) for different centers. AAA growth was defined as < or >= median.
The New South Wales (NSW, n=30), Victoria (VIC, n=21) and New Zealand (NZ, n=34)

cohorts were grouped since the cohorts were small. Western Australia (WA, n=458) and
Queensland (QLD, n=109) cohorts were larger.
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Table Il
Independent correlates of AAA growth
95% ClI
Variable OR Lower Upper P value
Age (per 5.55 years) 1.10 0.93 1.30 0.278
Female gender 1.30 0.64 2.66 0.472
DM 0.37 0.22 0.62 0.000
Hypertension 0.92 0.64 131 0.638
CHD 0.67 0.46 0.97 0.033
PAD 0.96 0.62 1.48 0.849
Smoking history 0.75 0.47 1.20 0.230
Initial aortic diameter (per 4.35mm) 1.78 1.49 2.14 0.000
ACE inhibitors 0.91 0.64 131 0.621
Aspirin 110 0.78 1.56 0.575
Beta-blockers 113  0.76 1.67 0.554
Statins 1.23 0.86 1.76 0.263

Am Heart J. Author manuscript; available in PMC 2011 February 1.

Page 13



Page 14

Ferguson et al.

"aseasip Areuow|nd 8AI19NIISAO 21UOIYD ‘AdOD ‘SN UITEIS 104 90UaIaIp parewnsa paisnipe ‘q3v ‘(G0°0<d) Jueoniubis Ajjeonsiess 1ou ayel Yimolh Wy Ul 9UaJaip

¥

awisnipe oN gz 97 (rv-L€) o7 etz [21]

elwaepidijJadAy ‘aoueses|d auluieald
‘uotsuanadAy ‘asessip JenaseA [eigaiad ‘NG b1em WBlay ‘Is1ewelp WYY [enul 1apush ‘b (90— ‘€' 10 %S6) 21— a3V (0'8¥) T Lt [91]
uswisnipe oN L7eF9e LBTF6T 6 121 [a1]
uondudsaid dIvSN ‘AdOD ‘ING ‘UOIIEdIPNEJD JUSTHWLB)UI ‘IBJBLEIP VYV [eiIul ‘4apuab ‘aby (€€°0— '66'T— 10 %S6) 9T'T- A3V 8¢ 0sT  [v1l
uawisnipe oN v S0 G ot [eT]
sasAjeue ui 10} palsnipe s1010e) XSIY  SI3SN UIILlS UON SJasn unels Jajawelp vV |eniu| u 19y

(reakjwiw) ared yimoao

IMO0IB WV pue JUSLUIEal] UITelS JO UOITeIoosse ay) Buluiwexs saipnis 11oyo)

I ajqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am Heart J. Author manuscript; available in PMC 2011 February 1.



