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STRUCTURED ABSTRACT 


Background

Peri-operative mortality is low for patients undergoing abdominal aortic aneurysm (AAA) repair, but long-term survival remains poor. Although patients diagnosed with AAA have a significant burden of cardiovascular disease and associated risk factors, there is limited understanding of the contribution of cardiovascular risk management to long-term survival.
Methods

General Practice Records within The Health Improvement Network (THIN) were examined. Patients with an AAA and >1 year of registered medical history were identified from 2000-2012. Medical therapies for cardiovascular risk were classified as “antiplatelet”, “statin”, or “anti-hypertensive” agents. Progression to death was investigated using the G-computation formula with time-dependent covariates to account for differences in exposure to cardiovascular risk–modifying treatments and the confounding between exposure, comorbidities and death.

Results

12,485 patients had a recorded diagnosis of AAA. From 2000-2012, prescription of medications that modify cardiovascular risk increased: from 27%-77% for statins, 57%-74% for antiplatelet agents and from 75%-84% for anti-hypertensives. 
Adjusted Kaplan-Meier curves demonstrated better 5-year survival in patients receiving statins (68.4% vs. 42.2%), antiplatelet agents (63.6% vs. 39.7%) or anti-hypertensive agents (61.5% vs. 39.1%), compared to patients not receiving each therapy.
Conclusions

Appropriate risk factor modification could significantly reduce long-term mortality in patients with AAA. In the UK, up to 30% of patients are not currently receiving such medication, which will result in potentially avoidable reductions in life expectancy.



Introduction

Since the advent of endovascular technology and improvements to the provision of vascular services, peri-operative mortality has declined for patients undergoing abdominal aortic aneurysm (AAA) repair in England from 7.9%1 to 1.8%2 between 2006 and 2014. Despite these advances the longer-term fate of patients with AAA is poor, and life expectancy after AAA repair remains significantly worse than for otherwise equivalent individuals without an AAA3, 4. In part this excess risk among AAA patients may be due to their greater burden of both clinical and subclinical cardiovascular diseases (CVD) and their associated risk factors; including a 2.78-fold increase in ischaemic heart disease and a 2.2-fold increase in cerebrovascular disease5. 

In turn these findings may help explain the observation that patients with AAA have twice the rate (1.4% vs 2.78%/ year) of adverse cardiovascular events (including CVD death, non-fatal myocardial infarction and non-fatal stroke) compared to patients without AAA5. It would appear reasonable to assume that patients with AAA should receive evidence based treatments that reduce CVD risk, analogous to the secondary prevention of coronary heart disease (CHD). In the UK and elsewhere nearly 100% of patients who survive a myocardial infarction are discharged on aspirin, a P2Y12 inhibitor, a statin, a beta-blocker and an ACE inhibitor (if there is no contraindication). It is believed that a large proportion of the reduction in CHD deaths in the UK is attributed to this regimen.  In contrast small local series suggest that as few as 40% of patients with AAA receive statin therapy6. 

While statins7, antiplatelet agents8 and anti-hypertensive treatments9 have a well-established randomised trial evidence base for reducing cardiovascular risk among patients with clinically-manifest coronary disease, there are no comparable data among AAA patients. Nevertheless consensus guidelines for AAA recommend the importance of medications known to reduce CVD risk prevention in this high-risk group.10 

Our goal was to provide real world observational data among AAA patients about the use of medications known to reduce CVD risk and to assess whether there was an association between their prescription and long-term survival. This was done by applying the G-computation formula, a technique developed under the causal inference framework to correctly adjust for potential confounding between time-varying treatments and time-varying covariates, where both are related to the outcome of interest11.

Methods
General Practice Records within The Health Improvement Network (THIN) Database were examined. Patients with a recorded diagnosis of AAA were identified from 2000 to 2012 with at least 1 year of registered medical history before the diagnosis. The inclusion criteria required information regarding a known deprivation index and smoking status, and a minimum age of 50 years to exclude those with non-degenerative aortic pathology. Data were extracted regarding patients’ prescription medications, demographics, co-morbidity, smoking status and social deprivation index. 

The primary outcome was 5-year survival, defined from first recorded diagnosis of AAA. Comorbidity was characterized according to a validated classification system for THIN data, and each diagnosis was extracted when first recorded in a patient’s record12. Medical therapies known to reduce cardiovascular risk were classified as “antiplatelet” agents or “anticoagulation”, “statins and lipid modification therapy (LMT)”, or “anti-hypertensive” agents. Separate consideration was given to the most common antiplatelet therapies: aspirin, clopidogrel and dipyridamole and the grouped analysis included newer agents such as prasugrel and ticagrelor. Anticoagulants included heparin and its derivatives, warfarin and newer oral anticoagulants. Antihypertensive agents were further classified as angiotensin-converting enzyme inhibitors (ACE-i), angiotensin receptor antagonists (ARBs), beta-adrenoreceptor antagonists (BBs), calcium channel antagonists (CCBs), and diuretics. Patients were assumed to be receiving medications for the 90 days that followed each recorded prescription. Geographical variation in the rate of prescription of these medications was reported by strategic health authority, and visualized using open-source QGIS software (http://www.qgis.org).

Statistical analysis
The demographic characteristics of the overall cohort are reported using descriptive statistics, with further sub-classification into those with an additional history of CHD, cerebrovascular disease, peripheral vascular disease (PVD) and diabetes mellitus (DM). This was done to assess whether concomitant vascular disease or DM were associated with differences in medical prescribing as compared with those with AAA but no other prevalent vascular disease. Chi-squared tests or Mann-Whitney tests were used to compare the rate of prescription of each category of medical therapy (antiplatelet agent, statins, anti-hypertensive agents)  

Adjusted survival curves were constructed using inverse probability weights13 with and without each category of medical therapy (antiplatelet agent, statins, anti-hypertensive agents), taking into account the time-dependency of the treatments14, to graphically represent the univariate impact of each medical therapy on 5-year survival. 

Multivariate analysis was performed by applying the G-computation formula, a technique developed under the causal inference framework to correctly adjust for potential confounding between time-varying treatments and time-varying covariates, where both are related to the outcome of interest11. A Directed Acyclic Graph (DAG) was constructed to describe the potential causal relations between the variables of the study15, 16 (Figure 4). The DAG was used to fit pooled logistic regression models with time introduced by splines or non-linear terms. Models were fitted for each time-dependent comorbidity, AAA surgery, each drug category, and death. Comorbidities, AAA surgery and death were modelled as time to the first event recorded, and baseline demographics and deprivation index were included in all models. 

The g-formula approach was used to compare hypothetical drug interventions (scenarios) by simulating patient cohorts, modeled as described above. Survival comparisons were performed between a scenario in which all patients received the medical therapy of interest (statin/antiplatelet agent/antihypertensive agent or anticoagulant) versus a scenario in which no patients received that therapy (“all versus none”). Comparison was also made between a scenario in which all patients received drug therapy compared to a scenario in which the proportion receiving therapy matched that in current practice (all vs. current practice). Finally, current practice was compared to a scenario in which no patients received the therapy of interest (current practice vs. none). The data were split into 4-week periods for computational purposes after conducting sensitivity analyses using one-week periods in some scenarios. When a treatment was prescribed, it was assumed to last for the next 90 days (an approach commonly taken for THIN data17) and comorbidities (apart from smoking) were regarded as irreversible once acquired. 
As a sensitivity analysis, effect estimates were also obtained for each medical therapy using a traditional Cox proportional hazards model with time-dependent covariates; to assess the potential for observational confounding in non-causal analysis of these epidemiological data. All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). 

Results
Between January 2000 and December 2012 there were 12,485 patients with a recorded diagnosis of AAA which formed the cohort for this study, with a mean (S.D.) of 21.67 (16.7) years registered in their health centre prior to AAA diagnosis. The majority of patients were male (74.85%) with a mean (S.D.) age of 73.88 (8.54) years. Unsurprisingly many had a prior history of other vascular diseases such as ischaemic heart disease (32.03%), myocardial infarction  (18.23%), cerebrovascular disease (16.57%) and PVD (24.26%) by the time they were diagnosed with a AAA, although 43.04% had no prior history of disease in any other vascular bed (Appendix)

The use of all major classes of cardioprotective medications was low (26.62 % for statins, 75.32% for anti-hypertensives and 56.49% for antiplatelets) in 2000 but increased over the decade such that by 2012, 76.74% of patients were receiving statins, 84% were receiving anti-hypertensive agents and 73.93% were prescribed antiplatelets agents (Figure 1) within a year of AAA diagnosis. The use of these medications were considerably higher where AAA was accompanied by ischaemic heart disease, diabetes mellitus, peripheral vascular disease, cerebrovascular disease compared to patients with AAA but without concomitant vascular comorbidities (p<0.001 for all comparisons) (Table 1).

There were considerable geographical variations in prescription rates between different Strategic Health Authorities for statins and antiplatelet agents, but not for anti-hypertensive medications (Appendix). The rate of prescription of antiplatelet agents varied by 5% between SHAs (Appendix), whilst that for statins varied by nearly 10% (Appendix). 

Adjusted Survival and Medication for Cardiovascular Risk
Within 5 years after a diagnosis of AAA, 31.93% of the patients had died.  
The risk of death was significantly associated with age, co-morbidity, social deprivation and strategic health authority (geographic region) [Appendix]. Adjusted Kaplan-Meier curves demonstrated better 5-year survival in patients receiving statins (68.4% vs. 42.2%, Figure 2), antiplatelet agents (63.6% vs. 39.7%, Figure 3) or anti-hypertensive agents (61.5% vs. 39.1%, Figure 4), compared to patients not receiving each therapy.

Intervention with Statins and Lipid Modification
Compared to current practice, the use of statins for all patients was associated with 21% lower risk of death (HR 0.798, 95% CI 0.766-0.832), and would potentially save 50 lives per 1000 patients per year (Figure 3, and Appendix Table 2). The addition of non-statin LMTs to this scenario was associated with a slightly greater benefit than statins alone (HR 0.787, 95% CI 0.756-0.820). The use of statins and LMTs in all patients was associated with 42% lower risk of death compared to none receiving these medications (HR 0.584, 95% CI 0.562-0.607). Statins alone were associated with 39% lower risk of death compared to no patients receiving therapy (HR 0.611, 95% CI 0.588-0.637). Compared to no therapy, current practice was associated with 26% lower risk of death (HR 0.742, 95% CI 0.714-0.771).

Intervention with antiplatelets and anticoagulants
Compared to current practice, the use of antiplatelets for all patients was associated with 10% lower risk of death (HR 0.901, 95% CI 0.866-0.937) and would potentially save 12 extra lives per 1000 patients per year (Figure 3, and Appendix Table 2). Antiplatelet agents were associated with 20% lower risk of death compared to a scenario in which no patients received antiplatelets (HR 0.799, 95% CI 0.77-0.83). Current practice was associated with 11% fewer deaths than a scenario with no patients receiving antiplatelets (HR 0.887, 95% CI 0.856 – 0.921). The use of anticoagulants for all patients was also associated with improved survival (all receiving anticoagulants versus current practice: HR 0.961, 95% CI 0.924-1.000; all versus none receiving anticoagulants: HR 0.849, 95% CI 0.818-0.882).  

Interventions with antihypertensive agents
Prescription of ACEis, ARBs and CCBs were associated with better survival (HR 0.788, 95% CI 0.759-0.818; HR 0.672, 95% CI 0.648-0.699; HR 0.845, 95% CI 0.815-0.880 respectively) [Figure 3, and Appendix Table 2]. A lesser benefit was seen with BB prescriptions (HR 0.944, 95% CI 0.907-0.981). In contrast no benefit was observed with diuretic prescriptions (HR 1.177, 95% CI 1.136-1.222). Overall, any single antihypertensive agent was associated with 12% fewer deaths than a scenario where no antihypertensive agents were prescribed (HR 0.881, 95% CI 0.847 – 0.917), but the use of antihypertensive agents for all patients did not improve survival compared to current clinical practice (HR 0.966, 95% CI 0.931 – 1.01).

Discussion
The major finding of this study was that although medications to mitigate cardiovascular risk are associated with a clinically and statistically significant improvement in long-term survival in patients with a diagnosis of AAA, the proportion of these individuals receiving these medications remains quite poor in the UK. The data suggest that as few as 71.82% were on statins, 79.11% on antiplatelet agents and 87.21% on anti-hypertensive medication by 2012, with evidence of considerable geographical disparity in prescription rates. There was a considerable improvement in the rate of prescription of cardiovascular disease-modifying medications during the study period, and long-term survival improved over the study period. Overall life expectancy was better than in large studies of patients undergoing AAA repair18, reflecting the fact that the cohort for this study included small AAA below the threshold for surgical repair.

The interventions associated with greatest clinical benefit were statins and antiplatelet agents. Ensuring the universal use of these medications would save an additional 62 lives per 1000 patients per year, with the greatest benefit being derived from statins and lipid modification therapy. Antiplatelet agents and statins are considered mandatory for patients with AAA10 but, to our knowledge, this is the first large-scale investigation into the effects of these medications on long-term survival of these individuals. Patients with AAA have a substantial burden of baseline CVD and associated risk factors and have a reduced life expectancy compared to the wider population. The present study demonstrates that this risk may be modifiable5 through use of therapeutic interventions known to reduce CVD risk amongst those with vascular disease. The data illustrate that despite the importance of these therapies, physicians in England are more likely to recognise and treat cardiovascular risk when AAA patients present with cerebrovascular disease, peripheral vascular disease or coronary heart disease rather than AAA alone. This study highlights a clear need for better recognition of the cardiovascular risk associated with AAA, and greater attention to medical risk management.

The unequivocal benefit of statin therapy in preventing vascular events in patients with pre-existing CVD has been established in large-scale pooled analyses of randomized-controlled trials (RCTs)19. Further studies have demonstrated that the benefits are greater with more intensive treatment with these agents20. In addition, patients deemed to be at relatively lower risk of future CVD events have also been shown to derive benefits from statin therapy21. Current guidelines for the treatment of blood cholesterol to reduce atherosclerotic vascular events among adults22 have not only expanded the scope of statin treatment for primary and secondary prevention of CVD, but have also emphasised the need for more intensive statin treatment among people with pre-existing atherosclerotic vascular disease. Measures that tend to improve statin prescription and/or adherence rates are also likely to be associated with an improvement in the long-term prognosis and survival of patients with AAA.

The benefit of aspirin treatment for the secondary prevention of CVD events has also been confirmed through similar large-scale collaborative meta-analyses of clinical trials23 and aspirin treatment has been recommended as a class I indication in the joint ACC/ACCF guidelines24. In the context of primary prevention, however, the overall benefit of this agent has been shown to be less robust and, moreover, offset by an increased risk of major bleeding8. Nevertheless, aspirin prophylaxis may still be appropriate for people deemed to be at a higher-than-average risk of future CVD events, and therefore may be relevant in primary prevention of CVD among people with AAA.

Antihypertensive medications have also been recommended as a class I indication for the secondary prevention of CVD events24. It is well known from previous large-scale studies that incremental levels of both systolic and diastolic blood pressure are log-linearly associated with the risk of incident vascular events25. As the majority of individuals with AAA have coexisting hypertension, optimised blood pressure control is likely to reduce the burden of future vascular events substantially in this population. The observation that ACEIs, ARBs and CCBs have mortality benefits whereas BBs/diuretics have a lesser impact is in keeping with many clinical guidelines, which advocate these first and second line in the treatment of hypertension whereas BBs have been relegated to fourth line26. Part of these benefits may be related to the greater reduction in blood pressure variability of these agents compared with BBs or diuretics.27 The findings of the present study are consistent with clinical guidelines and support the view that CCs and drugs acting on the renin angiotensin system are preferable for prognostic benefit in AAA patients. 

Whilst it seems logical, based on our findings, that addressing treatment gaps (for CVD and its risk factors) in patients with AAA may considerably improve their long-term outcomes and survival, the findings of our study merit careful interpretation in the context of its limitations, especially those that relate to the quality and completeness of the available data. For instance, details regarding AAA morphology and size, factors that are known to predict long-term survival, were unavailable for analysis in the THIN dataset. Medications were considered to be current in patients for the 90 days that followed a prescription, but patients’ compliance with therapy was not known. Furthermore the dataset had information on all cause mortality rather than CV death. That said AAA patients are high vascular risk patients and among populations where CVD death rates are high treatments that reduce CVD death also reduce mortality28. The present study is observational in nature and although we have attempted to adjust for biases and confounding, we cannot exclude residual confounding.

The present study adds considerably to existing literature, and its findings must be interpreted in the context of major improvements in short-term (operative) outcomes for patients with AAA. Elective thirty-day mortality for AAA repair has fallen from 7.4%29 to 2.4% in the UK from 2000 to 2012, and mortality following endovascular repair was as low as 0.9% in 201230. Hence, although the challenge of perioperative survival has been largely overcome for patients undergoing AAA repair, their long-term outcome appears to be significantly worse compared to the wider population, raising important questions as to the long-term medical management of these individuals. By demonstrating that statins, antiplatelet agents and anti-hypertensive agents could potentially help improve long-term survival, as well as by providing detailed estimates as to their prescription levels nationally, the present study suggests an appraisal of the long-term treatment strategies of patients with AAA is required. Although all patients may not be able to tolerate some of these medications, this study demonstrates that even allowing for this there is potential room for improvement in their prescribing. It must be noted, however, that this study is unable to report on compliance rates for patients prescribed appropriate medications, and also cannot report on potential reasons such as patient choice for non-prescribing of these medications.
It is also important to recognise that many of these patients will have been seen by a vascular surgeon in a secondary care setting, and that this suggests a potential failing on a secondary care level.
Reducing geographical inequalities in prescribing and greater use of evidence based cardioprotective medications has the potential to save up to 50 person years per 1000 for patients with AAA. In particular, it emphasises the need for clinicians to effectively lower the long-term CVD risk of individuals with AAA, as failure to do so may annul both the medical and economic benefits of AAA repair. However, one must also bear in mind that regional variation in prescribing of risk-reducing medications can also reflect the level on engagement with primary care within a demographic or local population.

Conclusion
There is considerable room for improvement in the management of cardiovascular risk factors for patients with AAA across the UK. Statins in particular exert a considerable benefit on life expectancy in this cohort, and targeted efforts are needed to improve cardiovascular risk mitigation at a national level.




	
	
	Patients with AAA +/- IHD

N= 4150 (31.04%)
(Y/N)
	Patients with AAA +/- CVD 
N=2230 (17.86%)

(Y/N)
	Patients with AAA +/- DM
N=1516 (12.14%)

(Y/N)
	Patients with AAA +/- PVD
N=5135
(41.43%)

(Y/N)
	Patients with AAA +/- IHD, CVD, PVD or DM
N=3875 (31.04%)

(Y/N)

	Median (interquartile Range) Age (years)
	With comorbidity
	76 (11)***
	78 (12)***
	74 (12)***
	75 (12)***
	76(12)***

	
	Without comorbidity
	75 (13)
	75 (13)
	75 (12)
	76 (13)
	75(14)

	Male
	With comorbidity
	78.46%***
	73.36%***
	81.2% ***
	77.53%***
	76.84%***

	
	Without comorbidity
	73.05%
	75.17%
	73.97%
	72.46%
	70.43%

	Receiving Statin within 1 year after AAA diagnosis
	With comorbidity
	79.57%***
	71.39%***
	81.07%***
	67.63%
	70.21%***

	
	Without comorbidity
	50.25%
	57.51%
	57.08%
	54.65%
	37.29%

	Receving Statin or Lipid modifiers  within 1 year after AAA diagnosis
	With comorbidity
	77.78%***
	69.96%***
	78.83%***
	66.17%***
	68.7%***

	
	Without comorbidity
	49.17%
	56.23%
	55.89%
	53.44%
	36.41%

	Receiving Antihypertensives within 1 year after AAA diagnosis
	With comorbidity
	91.88%***
	86.1%***
	89.91%***
	80.16%***
	83.26%***

	
	Without comorbidity
	70.11%
	75.45%
	75.61%
	75.39%
	64.21%

	Receiving Antiplatelets  within 1 year after AAA diagnosis
	With comorbidity
	87.61%***
	87.4%***
	77.51%***

	72.78%***
	76.56%***

	
	Without comorbidity
	54.63%
	60.85%
	63.94%
	60.57%
	41.21%


Table 1: Use of Cardiovascular Risk-Reducing Medications within the first year following recorded diagnosis of AAA, in patients with AAA alone or addition to concomitant ischaemic heart disease (IHD), cerebrovascular disease (CVD), diabetes mellitus (DM), or peripheral vascular disease (PVD)

Chi-square tests (for frequencies) and Mann-Whitney tests (for Age) were calculated to compare patients with and without each cardiovascular comorbidity. *** p-value < 0.001 





Figure 1: Rate of prescription of cardiovascular risk-preventing therapy over time. Graph highlights the publication of the Oxford Heart Study, recommending prescription of these therapies for patients with coronary heart disease; and introduction of the Quality Outcomes Framework (QOF) for primary care, in which general practitioners were incentivised to prescribe secondary prevention for cardiovascular risk.
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Figure 2A Weighted Adjusted Kaplan-Meier Curve demonstrating Survival with and without Statin Therapy
[image: KM_weighted_statin1]

	Year
	1
	2
	3
	4
	5

	Survival without statin
	78.7%
	66.3%
	57.8%
	49.7%
	42.2%

	N at risk (no statin)
	3905
	2793
	2270
	1574
	1207

	Survival with statin
	89.2%
	83.4%
	77.9%
	72.8%
	68.4%

	N at risk (statin)
	5208
	4404
	3606
	2833
	2205







Figure 2B Weighted Adjusted Kaplan-Meier Curve demonstrating Survival with and without Antiplatelet Therapy
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	Year
	1
	2
	3
	4
	5

	Survival without antiplatelets
	77.3%
	65.3%
	56.9%
	47.5%
	39.7%

	N at risk
	4036
	3067
	2506
	1687
	1306

	Survival with  antiplatelets
	85.9%
	79.3%
	73.5%
	68.2%
	63.6%

	N at risk
	5395
	4374
	3552
	2739
	2099
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Figure 2C Weighted adjusted Kaplan-Meier Curve demonstrating Survival with and without Antihypertensive Therapy
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	Year
	1
	2
	3
	4
	5

	Survival without antihypertensive agent
	78%
	65.2%
	56%
	47.9%
	39.1%

	N at risk
	2482
	1709
	1399
	1012
	746

	Survival with  antihypertensive agent
	85.1%
	77.8%
	71.9%
	66%
	61.5%

	N at risk
	6737
	5409
	4282
	3283
	2549












Figure 3: Summary Results of the G-computation formula. Hazard Ratios and 95% confidence intervals for each treatment scenario displayed as a forest plot.
LMTs = Lipid Modification Therapy; CP = Current Practice; AP = Antiplatelets; AC = anticoagulants; AH = Antihypertensive agents
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Figure 4: DAG (Directed Acylic Graph) for description of hypothesised or known causal links between variables used for this study
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Appendix: Baseline Characteristics of Study Participants

	
	All patients with AAA

N=12485
Showing n(%)

	Median (interquartile Range) Age (years)
	75 (13)

	
	

	Male
	9345 (74.85%)

	
	

	Myocardial infarction
	2276 (18.23%)

	Congestive Cardiac Failure
	1091 (8.74%)

	Renal Disease
	748 (5.99%)

	Cerebrovascular Disease
	2069 (16.57%)

	Diabetes without complications
	1422 (11.39%)

	Cancer
	1796 (14.39%)

	Dementia
	235 (1.88%)

	Chronic Pulmonary Disease
	2590 (20.74%)

	Diabetes with complications
	224 (1.79%)

	Hemiplegia/Paraplegia
	84 (0.67%)

	Metastatic Tumour
	49 (0.39%)

	Mild Liver Disease
	46 (0.37%)

	Moderate Liver Disease
	10 (0.08%)

	Peptic Ulcer Disease
	1058 (8.47%)

	Peripheral Vascular Disease
	3029 (24.26%)

	Rheumatological Disease
	656 (5.25%)

	Atrial Fribilliation
	1424 (11.41%)

	Ischaemic Heart Disease
	3999 (32.03%)

	Hypertension
	6720 (53.82%)

	Current Smoker
	2798 (22.41%)

	Never Smoker
	2280 (18.26%)

	Ex-Smoker
	7407 (59.33%)

	Receiving Statin within 1 year after AAA diagnosis
	8250 (66.08%)

	
	

	Receving Statin or Lipid modifiers  within 1 year after AAA diagnosis
	8397 (67.26%)

	
	

	Receiving Antihypertensives within 1 year after AAA diagnosis
	10235 (81.98%)

	
	

	Receiving Antiplatelets  within 1 year after AAA diagnosis
	9021 (72.25%)

	
	




Appendix:

Table 2: Summary results of the G-computation formula. Patients were assumed to be taking these agents for the 90 days that followed each recorded prescription.

	Scenario
	G-formula adjusted HR
	Lives saved per 1000 person years (inferred from G-formula)
	Cox model HR
	P-value (from cox)

	
	All Statins and LMTs

	All vs. none
	0.584 (0.562-0.607)
	49.92
	0.565 (0.523-0.609)
	<0.0001

	All vs current practice
	0.787 (0.756-0.820)
	25.56
	
	

	Current practice vs none
	0.742 (0.714-0.771)
	30.96
	
	

	
	Statins alone

	All vs. none
	0.611 (0.588 – 0.637)
	46.68
	0.589 (0.546-0.636)
	<0.0001

	All vs current practice
	0.798 (0.766-0.832)
	24.24
	
	

	Current practice vs none
	0.766 (0.739-0.796)
	28.08
	
	

	
	Antiplatelets

	All vs. none
	0.799 (0.77-0.83)
	24.12
	0.785 (0.729-0.845)
	<0.0001

	All vs current practice
	0.901 (0.866-0.937)
	11.88
	
	

	Current practice vs none
	0.887 (0.856 – 0.921)
	13.56
	
	

	Aspirin vs None
	0.798 (0.768-0.83)
	
	0.794 (0.739-0.853)
	<0.0001

	Clopidogrel vs None
	1.015 (0.977-1.058)
	
	1.013 (0.893-1.151)
	0.8345

	Dipyridamole vs None
	0.975 (0.937-1.015)
	
	0.992 (0.826-1.192)
	0.9308

	
	Anticoagulants

	All vs. none
	0.849 (0.818-0.882)
	18.12
	0.823 (0.726-0.932)
	0.0055

	All vs current practice
	0.961 (0.924-1)
	4.68
	
	

	Current practice vs none
	0.883 (0.849-0.918)
	14.04
	
	

	
	Anti-hypertensives

	All vs. none
	0.881 (0.847 – 0.917)
	14.28
	0.872 (0.808-0.941)
	0.0004

	All vs current practice
	0.966 (0.931 – 1.01)
	4.08
	
	

	Current practice vs none
	0.909 (0.85 – 0.918)
	10.92
	
	

	All ACEi vs none
	0.788 (0.759-0.818)
	
	0.775 (0.718-0.835)
	< 0.0001

	All ARBs vs. none
	0.672 (0.648-0.699)
	
	0.653 (0.579-0.737)
	<0.0001

	All B-blockers vs. none
	0.944 (0.907-0.981)
	
	0.942 (0.872-1.017)
	0.1282

	All CCBs vs. none
	0.845 (0.815-0.880)
	
	0.835 (0.774-0.899)
	<0.0001

	All Diuretics vs. none
	1.177 (1.136-1.222)
	
	1.185 (1.105-1.271)
	<0.0001





Appendix: Map to illustrate variation in prescription of antiplatelet agents for each Strategic Health Authority
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	Adjusted Hazard
Ratio
	Lower 95% CI
	Upper 95% CI
	p-value

	Age at AAA diagnosis
	1.060
	1.055
	1.065
	<.0001

	Year at AAA diagnosis
	

***
	<.0001

	Gender
	0.916
	0.853
	0.983
	0.0144

	Smoker (Never vs Current & Ex)
	0.571
	0.53
	0.615
	<.0001

	Deprivation Categories
	***
	0.0082

	Strategic Health Authority
	***
	0.0256

	Operation (Yes vs No)
	0.688
	0.618
	0.765
	<.0001

	Cancer (Yes vs No)
	1.709
	1.59
	1.837
	<.0001

	Cerebrovascular disease  (Yes vs No)
	1.405
	1.301
	1.518
	<.0001

	Chronic Pulmonary Disease (Yes vs No)
	1.273
	1.187
	1.366
	<.0001

	Congestive Cardiac Failure (Yes vs No)
	1.712
	1.568
	1.87
	<.0001

	Dementia (Yes vs No)
	1.832
	1.596
	2.104
	<.0001

	Diabetes (Yes vs No)
	1.160
	1.054
	1.278
	0.0025

	Hemiplegia/Paraplegia (Yes vs No)
	1.447
	1.089
	1.924
	0.0109

	Metastatic Tumour (Yes vs No)
	4.79
	3.995
	5.745
	<.0001

	Moderate Liver Disease (Yes vs No)
	2.702
	1.282
	5.693
	0.0091

	Myocardial Infarction (Yes vs No)
	1.236
	1.132
	1.351
	<.0001

	Peripheral Vascular Disease (Yes vs No)
	1.094
	1.023
	1.169
	0.0084

	Renal disease (Yes vs No)
	1.541
	1.401
	1.695
	<.0001

	Rheumatological Disease (Yes vs No)
	1.208
	1.069
	1.365
	0.0024

	Atrial Fibrilliation (Yes vs No)
	1.195
	1.088
	1.311
	0.0002

	Ischaemic Heart Disease (Yes vs No)
	1.148
	1.060
	1.243
	0.0007

	Antiplatelet Therapy:

	Antiplatelets (Yes vs No)
	0.785
	0.73
	0.845
	<.0001

	Aspirin (Yes vs No)
	0.794
	0.739
	0.853
	<.0001

	Clopidogrel 
	1.013
	0.893
	1.151
	0.835

	Dipyridamole 
	0.992
	0.826
	1.192
	0.931

	Anticoagulation Therapy:

	Anticoagulation  (Yes vs No)
	0.823
	0.726
	0.932
	0.0022

	Anti-hypertensive Therapy

	Anti-hypertensive (Yes vs No)
	0.872
	0.808
	0.941
	0.0004

	ACEi  (Yes vs No)
	0.775
	0.718
	0.835
	<.0001

	B-Blockers  (Yes vs No)
	0.942
	0.872
	1.017
	0.1282

	CCBs  (Yes vs No)
	0.835
	0.774
	0.899
	<0.001

	Diuretics  (Yes/No) 

	1.185
	1.105
	1.271
	<.0001

	ARBs  (Yes vs No)
	0.653
	0.579
	0.737
	<.0001

	Statins Therapy

	Statins + LMTs  (Yes vs No)

	0.565
	0.523
	0.609
	<.0001

	Only Statins (Yes/No)
	0.589
	0.546
	0.636
	<.0001
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