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Aim: Alpha-1 antitrypsin deficiency is an autosomal co-dominant condition that predisposes individuals to early-onset emphysema. 
As with COPD, AATD-COPD is associated with pulmonary exacerbations, which impacts on overall mortality and quality of life. 
Though there is evidence that COPD is associated with a higher prevalence of cardiovascular disease and major adverse cardiovascular 
events (MACE), it is unclear if this is true for patients with AATD-COPD.
Methods: Prevalence of cardiovascular disease was determined in two separate severe AATD cohorts: AlphaNet, USA and the 
Birmingham AATD registry, UK. All patients had preexisting lung disease. Cardiovascular disease was defined as presence of any of 
the following: heart failure, ischaemic heart disease, atrial fibrillation, stroke, and myocardial infarction. A Cox proportional hazards 
model was used to assess the impact of prior cardiovascular disease and frequent exacerbator phenotype on risk of future MACE.
Results: Out of 3493 patients with severe AATD, 14.7% had prior cardiovascular disease, including stroke (2.3%), myocardial 
infarction (2.2%), and heart failure (2.5%). Frequent exacerbators were more likely to have preexisting cardiovascular disease 
compared with those with one or no exacerbations in the preceding year (63% vs 44.8%, p = 0.001). There was increased risk of 
future MACE in frequent exacerbators (HR 1.85, 95% CI 1.24 to 2.75), former and current smokers (HR 1.80, 95% CI 1.07 to 3.02, 
p = 0.026, and HR 4.04, 95% CI 1.44 to 11.32, p = 0.008, respectively), and those with prior cardiovascular disease (HR 3.81, 95% CI 
2.60 to 5.58, p < 0.001).
Conclusion: In severe AATD-COPD, MACE are associated with an increased exacerbation frequency, previous cardiovascular 
disease, and a history of smoking.
Keywords: chronic obstructive pulmonary disease, COPD, alpha-1 antitrypsin deficiency, AATD, cardiovascular disease

Introduction
Alpha-1 antitrypsin deficiency (AATD) is an autosomal co-dominant disorder characterised by reduced serum levels of 
alpha-1 antitrypsin (AAT).1 AAT is an important serine protease inhibitor which has a role in limiting the destructive effects 
of proteases. Patients with severe forms of AATD, most commonly PiZZ, have significantly reduced levels of circulating 
AAT.2 Uninhibited activity of proteolytic enzymes leads to accelerated elastin degradation within alveolar tissue, resulting 
in early-onset pulmonary emphysema.3 The presenting features of AATD-COPD are like that of usual COPD and as such 
are treated in a similar way. AATD patients with progressive disease may be offered AAT augmentation therapy to slow the 
rate of emphysema decline.4 As with usual COPD, patients with AATD-COPD suffer with pulmonary exacerbations, which 
are longer in duration and feature higher levels of inflammation compared to usual COPD.5

Cardiovascular disease (CVD) is the leading cause of mortality worldwide, with over 85 million people affected by 
CVD in Europe alone.6 CVD is associated with an increased prevalence in patients with COPD, independent of common 
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cardiovascular risk factors such as smoking and sedentary lifestyle.7 The prevalence of ischaemic heart disease in 
patients with COPD was 2.28 times higher compared with non-COPD individuals in one meta-analysis.8

COPD patients with co-existing CVD often experience higher rates of morbidity, including worsening quality of life, 
dyspnoea, and exercise tolerance9 in addition to a higher rate of hospital admissions.10 The association between CVD and 
COPD has been summarised previously7 and may be the result of shared risk factors (genetic, environmental exposures) 
or shared pathophysiological mechanisms, including increased inflammation during stable COPD and pulmonary 
exacerbations.

The role of increased inflammation in COPD is widely cited as a potential biological mechanism to explain this 
association.11–13 Translocation of inflammatory cytokines, such as metalloproteinases and IFN-γ, from inflamed lungs 
into the systemic circulation may activate macrophages and other inflammatory cells within the vascular intima and 
accelerate atherosclerosis development,14 and reduce plaque stability.15 Thrombosis at the site of plaque rupture within 
coronary arteries leads to acute coronary syndrome.15 In addition, enhanced systemic elastin degradation is an important 
contributing factor that may link emphysema and CVD in both non-AATD and AATD-COPD.16

Major adverse cardiovascular events (MACE), such as cardiovascular death and myocardial infarction, are associated 
with pulmonary exacerbations17,18 which feature in both AATD-COPD and usual COPD.19

Despite the growing evidence of CVD in COPD, there are a limited number of studies investigating the natural 
history of CVD in patients with AATD-COPD.

We aim to investigate the prevalence of CVD and the relationship between exacerbation frequency and future rates of 
MACE for patients with severe AATD-related COPD.

Methods
We analysed cardiovascular disease prevalence and associations of major adverse cardiovascular events (MACE), with 
particular focus on the frequent exacerbator phenotype (≥2 exacerbations per year), in adult patients (age ≥18 years) with 
severe AATD (PiZZ or other rarer phenotypes with severe AATD) with COPD from two prospective AATD cohorts: 
AlphaNet, based in the USA, and the Birmingham AATD registry, UK. Methods for data collection in both cohorts have 
been summarised previously.20

Study Cohorts
AlphaNet provides disease management for patients prescribed AAT augmentation therapy in the USA. All individuals 
self-reported at baseline that they have lung disease. History of self-reported cardiovascular disease and incidence of 
MACE were collected via quarterly structured telephone interviews in addition to information provided at baseline. 
Baseline telephone interviews were conducted between 2008 and the end of 2016.

The Birmingham AATD registry includes augmentation-naïve patients with AATD. Patients were referred from 
primary or secondary care for annual review. Follow-up occurred between 1996 and 2016 and included medical history, 
physical exam, post bronchodilator lung function tests, and quality of life scores. Evidence of COPD was defined with 
FEV1/FVC ratio <0.7. Further details can be found in the Supplementary Methods. Separate consent was gained from 
both cohorts, and the study protocol was approved by the Western Institutional Review Board (WIRB; IRB tracking 
number 20181997) following independent ethical review in both the United States and United Kingdom (REC 3359a, 
South Birmingham Research Ethics Committee). All data accessed complied with HIPAA and NIHR Good Clinical 
Practice guidelines.

Definition of Cardiovascular Disease and MACE
For this analysis, baseline is defined as the time of enrolment in AlphaNet services or the first review at a specialist 
referral appointment. Follow-up includes the duration of which data was available for analysis.

The frequent exacerbator phenotype was defined as two or more pulmonary exacerbations in the year prior to baseline 
assessment, which aligns with the standard definition in COPD literature.21,22

Prevalence of cardiovascular disease was taken as the percentage of patients with a history of any of the following 
conditions at baseline assessment: ischaemic heart disease, previous myocardial infarction, heart failure, atrial fibrillation, 
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stroke, and transient ischaemic attack (TIA). AlphaNet do not collect specific data for ischaemic heart disease, and as 
such this was not included in the definition for cardiovascular disease in the US cohort.

MACE was defined as the first occurrence of either myocardial infarction, non-fatal stroke, or decompensated heart 
failure during the follow-up period. The definition of MACE is variable in the literature but usually includes cardiovas-
cular mortality.23,24 Cause of death was not captured and as such is not included in our definition of MACE.

Statistical Analysis
All statistical analysis was performed using R version 4.2.3.25 Baseline characteristics were described using mean and 
standard deviation for normally distributed continuous values or median (with 1st and 3rd quartiles) for non-normally 
distributed continuous variables. Frequency and percentage values were used for categorical variables.

Baseline characteristics were compared between patients with and without MACE during the follow-up period, and 
patients with and without prior cardiovascular disease. For continuous variables, t-tests were used for normally distributed data 
and the Kruskal–Wallis test for non-normally distributed data. Chi-square tests were used to compare categorical variables.

To explore the impact of key variables on prevalence of cardiovascular disease at baseline, logistic regression was 
performed. Cardiovascular disease was set as the outcome variable, and sex, smoking history, and age as predictors.

Crude incidence rates were calculated for the entire cohort and stratified by exacerbation frequency phenotype. 
Kaplan–Meier survival curves26 were calculated, with MACE defined as the event of interest and stratified by patients 
with ≥2 annual exacerbations in the year prior to baseline assessment vs those with 1 or no exacerbations in the same 
time period. For the AlphaNet cohort, an end date of 31/12/2016 was set as the censor date for MACE to comply with 
a prior data sharing agreement. For the Birmingham AATD registry, a censor date of 31st December 2020 was used.

The effect of exacerbation phenotype on rates of MACE was assessed with a Cox proportional hazards model and 
adjusted for the following variables: sex, age, smoking status (never, ever, or current smoker), prior diagnosis of CVD 
(heart failure, ischaemic heart disease, atrial fibrillation, stroke, and myocardial infarction), and presence of diabetes and 
hypertension at baseline. The risk of MACE was deemed proportional throughout the follow-up period by graphical means.

To assess any potential confounding from missing data or influence of prior cardiovascular disease, we performed two 
sensitivity analyses which included only patients without prior cardiovascular disease or those with an available FEV1 

measurement at baseline assessment. In addition, a competing risk model was performed to explore the impact of death 
during follow-up on the hazard of MACE during follow-up.

Results
Study Population and Prevalence of Cardiovascular Disease
Table 1 summarises baseline characteristics for the whole cohort, and for those with and without prior CVD. In total 3493 
patients were included in the analysis: AlphaNet, 2561, Birmingham AATD Registry, 932. The mean age was 50.7 years 
old with 52.8% males. Most patients were either previous (69.8%) or never smokers (26.5%), with very few current 

Table 1 Baseline Characteristics

Overall No CVD CVD P

N 3493 2980 513

AAT augmentation 2561 (67.9) 2114 (70.9) 417 (81.3)

Age (years) 50.7 (10.9) 50.3 (10.8) 53.2 (11.6) <0.001

Male (%) 1845 (52.8) 1557 (52.2) 288 (56.1) 0.113

Smoking status (%) 0.574

Current 123 (3.7) 107 (3.7) 16 (3.2)

Former 2342 (69.8) 2000 (70.0) 342 (68.5)

(Continued)
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smokers (3.7%). The mean FEV1% predicted was 50.4% as calculated from Global Lung Function Initiative reference 
values.27 Overall, 14.7% of patients had a history of CVD at baseline, with 84 patients (2.4%) having a history of 2 or 
more cardiovascular diseases. The median rate of exacerbations was higher in those with previous cardiovascular disease. 
Almost a third of frequent exacerbators (30.4%) had a history of heart failure compared to 7.2% of infrequent 
exacerbators (p < 0.001). The prevalence ratio (PR) of CVD, as assessed by logistic regression, was higher in frequent 
exacerbators (PR 1.49, 95% CI 1.20 to 1.85) and older patients (PR 1.02, 95% CI 1.01 to 1.03), after adjustment for age, 
sex, smoking history, and exacerbation frequency (Table S1) of the study cohort including cardiovascular disease.

Risk of Major Cardiovascular Events (MACE)
A flow diagram of patients included in the study is shown in Figure 1. From the original dataset, 2844 patients had valid 
follow-up data that included MACE for a median of 4.1 years (1.9 to 8.0). During follow-up, 122 (4.3%) patients 
reported a major adverse cardiovascular event which included congestive heart failure, 55 (1.9%); myocardial infarction, 
40 (1.4%); and stroke, 27 (0.95%). Death occurred in 946 patients. For those who died, there was a higher proportion of 
deaths in the frequent exacerbator group (349 (26.5%) vs 304 (22.7%) and those with prior cardiovascular disease (172 
(37.4%) vs 530 (22.2%)). Table 2 summarises baseline characteristics of patients with and without MACE during the 

Table 1 (Continued). 

Overall No CVD CVD P

Never 891 (26.5) 750 (26.3) 141 (28.3)

BMI 26.38 (5.85) 26.32 (5.73) 26.70 (6.50) 0.191

FEV1% predicted 50.44 (25.67) 50.63 (25.82) 49.18 (24.65) 0.398

Exacerbation/year+ 1.00 [0.00, 4.00] 1.00 [0.00, 3.00] 2.00 [1.00, 4.00] <0.001

Major cardiovascular disease* (%) 513 (14.7) – –

Myocardial infarction 78 (2.2) – –

Ischaemic heart disease 54 (5.8) – –

Heart failure 87 (2.5) – –

Stroke 79 (2.3) – –

Atrial fibrillation 308 (8.8) – –

Hypertension (%) 1121 (32.1) 878 (29.5) 243 (47.4)

Hypercholesterolaemia^ (%) 120 (12.9) 85 (10.2) 35 (36.5)

Medications related to CVD

Antihypertensives 498 (19.4) 378 (17.6) 120 (28.8) <0.001

Anti-platelets 316 (12.3) 228 (10.6) 88 (21.1) <0.001

Statins 280 (10.9) 218 (10.2) 62 (14.9) 0.006

β-blockers 111 (4.3) 66 (3.1) 45 (10.8) <0.001

Diuretics 136 (5.3) 95 (4.4) 41 (9.8) <0.001

Anti-arrhythmia 76 (3.0) 30 (1.4) 46 (11.0) <0.001

Anticoagulation 64 (2.5) 36 (1.7) 28 (6.7) <0.001

Notes: *Percentages do not add up to 14.7% as some patients had more than one cardiovascular disease at baseline. ^Data only available 
from Birmingham AATD registry. +In year before baseline assessment. 
Abbreviations: AAT, alpha-1 antitrypsin; BMI. body mass index; FEV1. forced expiratory volume in 1 second; CVD. cardiovascular disease.
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follow-up period. Patients who developed MACE had a higher rate of prior cardiovascular disease (15.0% vs 43.4%, p < 
0.001). Exacerbation frequency was higher in the MACE group with a median of 1.0 more exacerbation per year (44.8% 
vs 63.1%, p = 0.001); 63% of patients in the MACE group were frequent exacerbators compared to 44.8% in those not 
suffering MACE (p < 0.001). There was also a higher prevalence of hypertension and diabetes in the MACE group 
(hypertension 34.0% vs 49.2%, p = 0.001, diabetes 5.1% vs 9.8%, p = 0.036). There was a higher prevalence of ex- 
smokers in the MACE group with similar rates of current smokers.

The crude incidence rate (IR) for MACE was 9.31 per 1000 person-years (95% CI 5.7 to 13.0). Frequent exacerbators 
had a higher IR (12.3 per 1000 person-years, 95% CI 6.3 to 18.2) compared to those with one or no exacerbations 
(6.1 per 1000 person-years, 95% CI 2.1 to 10.6).

Figure 1 Flow diagram for study participants.

Table 2 Baseline Characteristics of Grouped by Patients with and without MACE During 
Follow-Up Period

No MACE MACE P

n 2722 122

Age (years) 55.7 (10.3) 57.4 (10.80) 0.071

Male (%) 1427 (52.4) 72 (59.0) 0.182

Smoking status (%) 0.040

Current smoker 87 (3.3) 5 (4.2)

Ex smoker 1846 (70.3) 95 (79.8)

Non-smoker 692 (26.4) 19 (16.)

FEV1% baseline 47.3 (21.3) 46.1 (24.1) 0.572

(Continued)
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Patients with a frequent exacerbator phenotype were more likely to develop MACE during the study follow-up period 
(Figure S1 and Supplementary Material). After 5 years, 93.9% (95% CI 92.4 to 95.5) of patients had not suffered 
a MACE in the frequent exacerbator group compared with 97.3% (95% CI 96.3 to 98.4) in the infrequent exacerbator 
group (log rank p < 0.001). In patients without a history of cardiovascular disease there were 64 MACE with a crude 
incidence rate of 6.07 per 1000 person-years (95% CI 2.84 to 9.31).

Using a Cox proportional hazard model (Figure 2), after adjustment for age, sex, smoking status at baseline, previous 
CVD, hypertension, and diabetes, the rate of MACE was almost double in those with ≥2 annual exacerbations at baseline 
(HR 1.85, 95% CI 1.24 to 2.75, p < 0.002). There was a 4-fold increase in rate of MACE in current smokers compared to 
never smokers (HR 4.04, 95% CI 1.44 to 11.3, p = 0.008). Due to missing key variables, 211 patients were excluded from 

Table 2 (Continued). 

No MACE MACE P

Frequent exacerbator (≥2/year) (%) 1220 (44.8) 77 (63.1) <0.001

Exacerbation frequency 1.00 [0.00, 4.00] 2.00 [1.00, 4.00] 0.001

Major cardiovascular disease (%) 407 (15.0) 54 (43.4) <0.001

Stroke 48 (1.8) 6 (5.0) 0.029

Myocardial infarction 54 (2.0) 16 (13.4) <0.001

Atrial fibrillation 260 (9.6) 24 (19.7) <0.001

Heart failure 61 (2.3) 16 (13.4) <0.001

Hypertension (%) 925 (34.0) 60 (49.2) 0.001

Diabetes (%) 138 (5.1) 12 (9.8) 0.036

Follow-up (days) 1522 [718, 2955] 1053 [507, 1887] <0.001

Notes: Missing data as follows: exacerbation frequency, 6.6%; FEV1% baseline, 44.9%; smoking status, 3.5%. 
Abbreviations: AAT, alpha-1 antitrypsin deficiency; FEV1, forced expiratory volume second−1; MACE, major adverse 
cardiovascular events; SD, standard deviation.

Figure 2 Cox proportional hazard model for MACE incidence adjusted for annual exacerbation frequency (<2 or 2 or more exacerbations/year), age, sex, smoking status, 
previous cardiovascular disease, hypertension, and diabetes.
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the model with a total of 115 MACE. A competing risks model was performed to assess the impact of death by any cause 
which showed a similar impact of exacerbator phenotype on rates of MACE (HR 1.64, 95% CI 1.00 to 2.69, p = 0.05)

Two sensitivity analyses were performed to explore the impact of prior cardiovascular disease and FEV1% predicted 
on rates of MACE in frequent exacerbators. For patients with no prior cardiovascular disease there was an increased rate 
of MACE in those with frequent exacerbations (HR 2.12, 1.38 to 3.23 p < 0.001). With adjustment for baseline FEV1% 
predicted, HR for exacerbation status was 1.51 (95% CI 0.89 to 2.58, p = 0.127) though this only included 1421 patients 
with 61 MACE.

Discussion
Prevalence of Cardiovascular Disease in AATD
This is the largest study to date describing prevalence of cardiovascular disease in patients with severe AATD-COPD. It 
has shown an overall unadjusted prevalence of 14.7% for cardiovascular disease, with significantly lower numbers for 
previous major cardiovascular events such as stroke (2.3%), myocardial infarction (2.2%), and heart failure (2.5%). 
Those with CVD were on average 2.9 years older than those without CVD, with similar gender distribution and smoking 
history. Frequent exacerbators were up to 50% more likely to have previous cardiovascular disease.

These results align with findings from other studies of cardiovascular disease prevalence in AATD.28–30 Fahndrich 
et al reported on 139 patients with AATD-COPD, the majority of whom were receiving AAT augmentation therapy. 
Prevalence rates were 1.8% for myocardial infarction and 3.0% for heart failure with no recorded strokes. They also 
found lower rates of coronary artery disease compared to non-AATD COPD. Another study by Tanash et al assessed the 
cardiovascular risk of 1545 PiZZ patients from the Swedish National AATD registry. AATD was associated with a lower 
risk of ischaemic heart disease compared to controls. A sub analysis of 711 PiZZ patients with COPD found a more than 
3-fold increase in rate of ischaemic heart disease compared to non-COPD AATD. A similar risk increase was seen in 
COPD vs controls without AATD, suggesting the presence of COPD ameliorates any potential cardiovascular protective 
effects of AATD. Notably there were far more never smokers in the AATD group. Head-to-head comparison of rates of 
ischaemic heart disease in AATD-COPD vs COPD was not performed in this study.

The observed low prevalence of cardiovascular disease in AATD-COPD somewhat contradicts the hypothesis that 
increased inflammation associated with COPD drives development of cardiovascular disease. Several studies have 
indicated that increased serine protease activity, the main feature of AATD,31 may accelerate atherosclerosis and vascular 
injury.14,32 Indeed, AATD is linked with higher prevalence of panniculitis,33 polyangiitis with granulomatosis,34 and 
other inflammatory conditions.35 Vascular stiffness, a surrogate marker of cardiovascular risk, is also elevated in patients 
with AATD compared to controls.36

There are possible explanations for the contradiction between the perceived low prevalence of cardiovascular disease 
in AATD and proposed biological mechanisms.

Patients with AATD develop COPD at a much younger age with typically more modest smoking histories compared 
to patients with usual COPD.37 In this study only 3.7% continued to smoke at baseline assessment, though this may be 
underestimated in our cohort since a prerequisite for initiation and maintenance of augmentation therapy is smoking 
abstinence. This rate of current smoking is significantly lower than reports in COPD; for comparison, 36% of the 
ECLIPSE cohort were current smokers.21

Atherosclerosis may develop more slowly than emphysema in AATD and require higher rates of exposure to tobacco 
to cause clinically relevant disease,38 though there is no evidence for this in AATD to date. In addition, we speculate that 
AATD patients have a more potent motivating factor for lifestyle modification than those with usual COPD since they are 
told they have a rare and severe form of COPD. Lifestyle modification may include increased exercise, earlier smoking 
cessation, and improved diet, all of which reduce risk of cardiovascular disease.39 Though three-quarters of our cohort 
were prescribed augmentation therapy, this is unlikely to have impacted on the prevalence of cardiovascular disease as 
most patients started augmentation therapy within 1 year of baseline assessment.

There may also be underdiagnosis of cardiovascular disease in patients with known AATD. In AATD, early 
symptoms of cardiovascular disease (such as progressive breathlessness and peripheral oedema) may be attributed to 
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progression of their known rare and severe lung disease or to complications of lung disease such as secondary pulmonary 
hypertension. There may also be patients who unknowingly have AATD and were included in studies of usual COPD,29 

though this is unlikely to impact the overall results of this study.
Biomarker studies support an association between an increased inflammatory signature and cardiovascular disease. 

Serum desmosine, a cleavage product of elastin from lung and vascular tissue in response to elastolysis,40 is raised in 
patients with cardiovascular disease41 and during acute COPD exacerbations.42

Serum desmosine is higher in patients with AATD-COPD compared with usual COPD.43 Equally, administration of 
pooled human AAT has been shown to reduce serum levels of desmosine44 and has been suggested as a possible 
treatment for atherosclerosis in the context of myocardial injury.45

It is plausible that predominantly basal emphysema distribution in AATD-COPD may have a cardioprotective role. 
Since ventilation perfusion ratios are greatest at the lung apices,46 diversion of pulmonary blood flow away from areas of 
basal emphysema to well-ventilated upper zone lung may lead to less impact on overall gas exchange and reduced 
hypoxia relative to the magnitude of emphysema.47 In usual COPD, where emphysema is typically apical,48 the reverse 
would be true. Over time, regional differences in emphysema and gas exchange may impact on overall cardiovascular 
health. There is little in the literature exploring this hypothesis. Disparities in gas trapping and dynamic hyperinflation 
may also have an impact on pulmonary vascular dynamics.49

Risk of MACE in AATD
This study also provides evidence for a link between frequent exacerbations and increased risk of future MACE in 
patients with AATD-COPD, independent of underlying smoking status and other cardiovascular risk factors. The 
strongest risk factor for future MACE, as expected, was previous cardiovascular disease. However, the association 
between frequent exacerbations and MACE was sustained when excluding prior cardiovascular disease. There was 
a 4.5-fold increase in MACE episodes in current smokers, giving further weight to the hypothesis that reduced 
cardiovascular risk in AATD relates to reduced rate of smoking. These results are in keeping with the biological theory 
of increased inflammation and increased risk of future MACE as discussed above. The authors acknowledge that 
unknown variables that increase both risk of exacerbations and MACE cannot be accounted for in the models performed 
in this study.

In usual COPD, the impact of exacerbations on future MACE is well reported in the literature.50 In addition to the 
increased inflammatory burden from frequent exacerbations, it is plausible that early cardiovascular disease mimics or 
magnifies exacerbation events. Occult cardiovascular disease in those with frequent exacerbations may later manifest as 
MACE. As such, clinical scrutiny of exacerbation episodes for features of cardiovascular pathology may identify 
cardiovascular disease earlier and allow treatment and risk factor modification. There were higher rates of heart failure 
in frequent exacerbators in this study, which supports this recommendation. The heterogeneous nature of pulmonary 
exacerbations in AATD-COPD will continue to present a diagnostic challenge.51

The impact of COPD severity was explored in our study. A sensitivity analysis, which included FEV1% predicted, 
suggested an increased risk of MACE in frequent exacerbators, though rates of MACE were low which reduced 
statistical power.

It is unclear if rates of MACE were impacted by augmentation therapy prescription. There is inconsistency of results 
pertaining to AECOPD rate and augmentation therapy, however, with observational work52 being suggestive of 
a reduction in rate, and meta-analysis of trials53 being suggestive of an increase. The EARCO group54 have further 
work underway in this area.

Strengths and Limitations
The main strength of this study is the large number of severe AATD patients with well characterised baseline and follow- 
up data, the largest studied to date. We acknowledge several limitations of this study. The most significant limitation is 
lack of a comparator non-AATD group which was not available for this analysis. In addition, the presence of COPD in 
AlphaNet was largely self-reported.55 A prerequisite for AAT prescription in the United States is presence of AATD- 
related lung disease, though we acknowledge that a small number of patients may not have met physiological criteria for 
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COPD. The methods with which data were collected in both cohorts were slightly different, though this is unlikely to 
change the reported prevalence or incidence of cardiovascular disease and MACE, respectively. The definition of MACE 
did not include cardiovascular-related death, and therefore some MACE were not captured. We have demonstrated that 
there were more deaths in patients with prior cardiovascular disease and in frequent exacerbators, which suggests that if 
data on cardiovascular death were available it may strengthen our findings. We also performed a competing risk analysis 
which demonstrated a higher risk of MACE in frequent exacerbators, and it is likely that a proportion of deaths were 
cardiovascular deaths and therefore MACE underestimated. In addition, some MACE were self-reported. There were 
high levels of missing data for key variables including FEV1% predicted and prevalence of ischaemic heart disease and 
hypercholesterolaemia in the US cohort. Sensitivity analyses were used to mitigate against these issues, though these 
were limited by reduced number of MACE. Notably, data were not captured for family history of cardiovascular disease 
or smoking pack year history.

Conclusion
In severe AATD-COPD, MACE are associated with increased exacerbation frequency, previous cardiovascular disease, 
and a history of smoking. Further studies examining the relationship between pulmonary exacerbations and cardiovas-
cular disease are needed to further clarify the risk of cardiovascular disease in severe AATD-COPD, in addition to 
a comparison to matched non-AATD COPD patients.
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