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Background: Severe alpha 1-antitrypsin deficiency (PiZZ) predisposes to morbidity and 

mortality due to early-onset emphysema and liver disease. The risk of death from other causes, 

including cardiovascular disease and cancer, has not been well investigated. We aimed to analyze 

cause-specific mortality in PiZZ individuals compared with the general Swedish population.

Methods: Data on 1,561 PiZZ individuals from the Swedish National AAT Deficiency Register, 

prospectively followed from 1991 to 2014, were analyzed. Causes of death according to the 

Swedish National Causes of Death Register for the study group were compared with those for  

the general Swedish population matched for age, sex, and calendar year, with the excess mortality 

expressed as standardized mortality ratios (SMRs) with 95% confidence intervals (CIs).

Results: There were 524 deaths during the follow-up period. PiZZ individuals had excess all-

cause mortality compared with the Swedish general population (SMR 3.6, 95% CI 3.3–3.9). 

SMR for ischemic heart disease (IHD) was 0.5 (95% CI 0.3–0.8) and was similar for never and 

ever-smokers, and in males and females. SMR for lung cancer was 0.9 (95% CI 0.4–1.7). PiZZ 

individuals had increased mortality compared with the general population for the following 

diseases: respiratory disease, SMR 48.4 (95% CI 43.0–54.5); primary liver carcinoma, SMR 

90.0 (95% CI 59.3–130.9); complicated colon diverticulitis, SMR 20.8 (95% CI 6.7–48.6); and 

pulmonary embolism, SMR 6.9 (95% CI 3.3–12.7).

Conclusion: PiZZ individuals had a reduced mortality risk of IHD. Mortality due to respira-

tory, hepatic disease, diverticulitis, and pulmonary embolism was markedly increased compared 

with the age- and sex-matched Swedish population.

Keywords: alpha 1-antitrypsin deficiency, cause-specific mortality, ischemic heart disease, 

pulmonary embolism, standardized mortality ratio

Introduction
Severe alpha 1-antitrypsin (AAT) deficiency (PiZZ) is an autosomal, codominant, 

hereditary disorder characterized by low AAT levels in the serum and lungs. The main 

function of AAT is to inhibit neutrophil elastase and other serine proteases, including 

proteinase-3 and plasmin activator.1 This genetic defect results in the polymerization 

of the AAT molecule in the hepatocytes, leading to an accumulation of the Z-protein 

within the hepatocytes and a decreased release into the circulation. AAT deficiency 

contributes to protein degradation and increased inflammation because of proinflamma-

tory effects of polymerized AAT and the loss of anti-inflammatory and antiproteolytic 

functions.2 In Sweden, the prevalence of AAT deficiency is 1/1,600, a figure firmly 

established by a nationwide screening program of all 200,000 newborns over the period 

1972–1974, when 127 homozygotes were identified.3
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Major causes of disability and death associated with 

severe AAT deficiency are early-onset panacinar emphysema 

and liver disease, which typically presents as cholestasis in 

infancy, and cirrhosis and primary liver carcinoma (PLC) in 

adulthood.1 Association with systemic vasculitis (antineutro-

phil cytoplasmic antibody positive), necrotizing panniculitis, 

and a variety of different inflammatory and neoplastic dis-

eases have also been reported.1,4,5

Previously published mortality studies have shown that 

severe AAT deficiency leads to reduced life expectancy and 

that respiratory failure and liver disease are the most common 

causes of death.6–8 Very little is known about mortality due 

to other diseases, such as cardiovascular disease (CVD), 

inflammatory diseases, and cancer, except for PLC that is 

a well-known risk in PiZZ individuals.9 Increased risk of 

lung cancer has also been described in carriers of the AAT-

deficient Z and S alleles.10

The Swedish National Register of individuals with severe 

AAT deficiency, PiZZ, has comprehensive physiological 

data and documents comorbidities by regular follow-ups 

every 2 years.11 Since 1991, all adult individuals with 

established severe AAT deficiency (PiZZ) in Sweden have 

been invited to participate in the register. After inclusion, 

the patients are prospectively followed up every 2 years 

by their attending physician, and the results are reported 

to the register.

The aim of this study was to analyze all-cause mortality 

and disease-specific mortality in the PiZZ individuals 

included in the Swedish National AAT Deficiency Register, 

with particular reference to ischemic heart disease (IHD), 

pulmonary embolism, lung cancer, and other diseases.

Methods
Study population
We analyzed data from the Swedish National AAT Defi-

ciency Register, which has been detailed elsewhere.11 The 

study population included all PiZZ individuals included in 

the Swedish National AAT Deficiency Register since 1991. 

The inclusion criteria in the register are the PiZZ pheno-

type diagnosed by isoelectric focusing and age 18 years 

or older. The register is approved by the Ethical Review 

Board, Lund University, Sweden, and by the Swedish Data 

Inspection Board. The ethical approval includes analysis of 

mortality data. All study participants have provided written 

informed consent.

Data collection
Data on respiratory symptoms, diagnoses, spirometry, and 

smoking habits were reported by the attending physician 

to the Swedish National AAT Deficiency Register via a 

questionnaire.11 Lung function tests were performed at the 

local hospitals. The results of the lung function tests are 

expressed as the percentage of predicted values according to 

European reference tables.12 The results of the first spirometry 

at inclusion were analyzed.

Vital status and causes of death were obtained from the 

National Register of Causes of Death up to April 2014. The 

underlying cause of death was coded according to the ninth 

(before 1996) and the tenth revisions of the WHO Interna-

tional Classification of Diseases (ICD).13,14 ICD codes were 

grouped (ICD-9, ICD-10) as respiratory diseases (460–519×, 

786; J00–J99, R04–R06), CVD (390–459×, 785; I00–I99, 

R00, R01), IHD (410–414; I20–I25), heart failure (425, 428; 

I42, I50, I51.7), stroke (430–438; I60–I69), aortic aneurysm 

(441; I71), venous thromboembolism (415, 451; I26, I80), 

digestive organ diseases (520–579×, 787; K00–K93), pneu-

monia (481–486; J13–J18), lung cancer (162; C34), colon can-

cer (153; C18), and other cancers (140–239×; C00–D48).

Statistical analyses
Baseline data were tabulated using frequencies and percent-

ages for categorical variables, mean with standard deviation 

(SD), and median with range or interquartile range (IQR) 

for continuous variables with normal and skewed distribu-

tion, respectively. Comparisons of continuous variables with 

normal distribution were analyzed using analysis of variance 

(ANOVA). The period of follow-up was from the date of inclu-

sion in the register to the date of death or up to April 1, 2014.

Excess mortality compared to the Swedish general popula-

tion was calculated as standardized mortality ratios (SMRs), 

with respect to age and calendar year. The SMR is defined as 

the ratio of the observed deaths in the study population to the 

expected number of deaths. The expected number of deaths 

was calculated using the age-, sex-, and calendar year-specific 

mortality rates of the Swedish general population, obtained from 

the Swedish National Board of Health and Welfare. Age and 

calendar year were stratified in 5-year bands. SMRs were cal-

culated for overall and cause-specific mortality for all patients, 

and separately for males/females and smokers/never-smokers. 

SMRs were expressed with 95% confidence intervals (CIs) 

calculated from the Poisson distribution. Statistical significance 

was defined as a two-sided P,0.05. Statistical analyses were 

performed with the Statistical Package for the Social Sciences 

(SPSS), version 22.0 (IMB Corporation, Armonk, NY, USA).

Results
A total of 1,561 PiZZ individuals (49% males) were included 

in the study. Baseline characteristics are shown in Table 1. 
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Forty-six percent of the study population was never-smokers 

and 57% were identified for reasons other than respiratory 

symptoms. Females had smoked significantly less than males, 

with a mean (range) of 13 (0.1–77) and 16 (0.2–116) pack-

years, respectively (P=0.003). During follow-up, 86 patients 

underwent lung transplantation. Lung function tests were 

available for 1,535 individuals (98%) at inclusion, of whom 

792 (52%) fulfilled the criteria for COPD with a forced 

expiratory volume in 1 second (FEV
1
)/forced vital capacity 

(FVC) ratio ,0.70.

Overall mortality
The median follow-up period was 12 years (IQR =13) with 

a total of 18,881 person-years at risk of death. No patient 

was lost to follow-up. A total of 524 patients (277 males) 

died during the study. The SMR for PiZZ individuals was 

higher than that for the matched Swedish population (3.6, 

95% CI 3.3–3.9).

Cause-specific mortality
The causes of death were available for all decedents. The 

main causes of death were COPD and its complications 

such as respiratory failure and infections (n=281, 54%), 

liver diseases (n=74, 14%), CVD (n=76, 15%), and cancer 

(n=87, 17%).

Excess mortality
PiZZ patients had significantly increased mortality due to 

respiratory and hepatic diseases, pulmonary embolism, and 

colon diverticulitis compared with the general Swedish 

population, as shown in Table 2. In contrast, they had a 

reduced risk of mortality due to IHD, and no increased 

mortality risk due to CVD as a whole. However, mortality 

due to heart failure was significantly increased. Of the 18 

patients who died of heart failure, eleven had COPD, one 

had pulmonary fibrosis, and one had Marfan’s syndrome. 

Complicated colon diverticulitis with peritonitis was the 

cause of death of five patients; none of these patients had 

known inflammatory bowel disease.

Sex-related differences in mortality
The mean age at death was lower in males (67 years, SD 

11 years) compared with females (69 years, SD 12 years). 

SMR for males was 3.6 (95% CI 3.2–4.0) and 3.5 (95% CI 

3.1–4.0) for females.

An excess mortality for PLC was observed in both males 

and females. Twenty males died of PLC compared with an 

expected 0.2 deaths, giving an SMR of 100 (95% CI 61–154), 

and seven females compared with an expected 0.09 deaths, 

giving an SMR of 77.8 (95% CI 31.3–160.2). There was 

no difference in mortality due to respiratory diseases, liver 

failure, and CVD between males and females.

Smoking-related differences in mortality
During the follow-up period, 350 ever-smokers and 174 nev-

er-smokers died. The mean age at death was lower in ever-

smokers compared with never-smokers (65 years, SD 11 and 

74 years, SD 11, respectively). The SMR for ever-smokers 

was higher than for never-smokers (4.6 [95% CI 4.1–5.1] and 

2.5 [95% CI 2.1–2.9], respectively). Mortality due to respi-

ratory diseases was also higher in ever-smokers compared 

with never-smokers (Table 3). No difference was found in 

Table 1 Demographic data of the PiZZ individuals at inclusion in 
the Swedish AAT Deficiency Register

Characteristics N=1,561

Never-smoker, n (%) 717 (46)
Mean (SD) age at diagnosis (years) 41 (21)
Mean (SD) age at inclusion (years) 47 (17)
Mode of identification

Respiratory, n (%) 670 (43)
Liver disease, n (%) 111 (7)
Screening, n (%) 367 (24)
Other, n (%) 413 (26)

Mean (SD) FEV1 (% predicted) 74 (33)
Mean (SD) FVC (% predicted) 94 (24)
Mean (SD) FEV1/FVC ratio 0.64 (22)
Mean (range) number of pack-years 14 (0.1–116)
Deaths, n (%) 524 (34)
Mean age (SD) at death 68 (12)

Abbreviations: PiZZ, severe alpha 1-antitrypsin deficiency; AAT, alpha 1-antitrypsin; 
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; SD, standard 
deviation.

Table 2 Cause-specific mortality in severe alpha 1-antitrypsin 
deficiency

Disease types Observed/expected SMR (95% CI)

Overall SMR 524/147 3.6 (3.3–3.9)
COPD 281/5.8 48.4 (43.0–54.5)
Hepatic

Liver failure/complications 44/0.9 47.8 (35.8–64.2)
Primary liver carcinoma 27/0.3 90.0 (59.3–130.9)
Cholangiocarcinoma 3/0.2 15.0 (3.1–43.8)

Colon diverticulitis 5/0.2 20.8 (6.7–48.6)
Cardiovascular disease 76/82.2 0.9 (0.7–1.2)
Ischemic heart disease 22/42.1 0.5 (0.3–0.8)
Heart failure 18/4.5 4.0 (2.4–6.3)
Pulmonary embolism 10/1.4 6.9 (3.3–12.7)
Aorta dissection 3/2.9 1.0 (0.2–3.0)
Stroke 19/17.8 1.1 (0.6–1.7)
All cancer 87/58.6 1.5 (1.2–1.8)
Lung cancer 9/10.3 0.9 (0.4–1.7)
Colon cancer 8/5.3 1.5 (0.6–3.0)
Breast cancer 6/4.4 1.4 (0.5–3.0)

Abbreviations: SMR, standardized mortality ratio; CI, confidence interval.
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mortality due to IHD, pulmonary embolism, and lung cancer 

between ever-smokers and never-smokers. Mortality due to 

PLC tended to be higher in the never-smokers than in the 

ever-smokers.

Lung function-related differences in 
mortality
Mortality due to respiratory diseases was five times higher in 

individuals with COPD (FEV
1
/FVC ratio ,0.70) at inclusion 

compared with those with normal lung function (Table 4). 

Mortality due to IHD was less than in the general population in 

both groups. An excess mortality due to heart failure was found 

in AAT-deficient individuals irrespective of lung function.

Cause-specific mortality in individuals 
identified by screening
Individuals who were identified by screening (n=367) had 

significantly higher overall mortality compared with the 

general Swedish population, SMR 2.2 (95% CI 1.6–3.0). 

They had significant excess mortality from the following 

diseases: respiratory disease, SMR 27.1 (95% CI 16.3–42.3); 

PLC, SMR 42 (95% CI 5.1–151.0); liver cirrhosis, SMR 

14.5 (95% CI 1.8–52.3); and heart failure, SMR 14.5 (95% 

CI 4.7–33.8). Mortality due to CVD, all cancer, and lung 

cancer was similar to that in general population, SMR 

1.3 (95% CI 0.63–2.3), SMR 0.9 (95% CI 0.3–1.8), and SMR 

0.7 (95% CI 0.02–3.7), respectively.

Discussion
This study demonstrates that individuals with severe AAT 

deficiency have a reduced mortality due to IHD compared 

with the Swedish general population matched for age, sex, 

and calendar year. This finding cannot be explained by 

differences in smoking habits, as a similar reduction was 

seen in both smokers and nonsmokers. We also found that 

the mortality rate due to CVD as a whole was similar to that 

in the general population.

To our knowledge, this is the first study that analyzes 

cause-specific mortality in individuals with severe AAT defi-

ciency. Previous mortality studies have compared mortality 

either between never- and ever-smoking PiZZ individuals 

or between PiZZ individuals and the general population.6–8 

These studies have demonstrated an increased mortality risk 

in PiZZ individuals compared with the general population, 

and a significantly reduced survival in PiZZ smokers com-

pared with never-smokers. Emphysema and liver cirrhosis 

Table 3 Cause-specific mortality in ever-smokers and never-smokers with severe alpha 1-antitrypsin deficiency

Ever-smokers Never-smokers

Observed/expected SMR (95% CI) Observed/expected SMR (95% CI)

COPD 214/3.0 71.3 (62.1–81.6) 67/2.8 24.0 (18.5–30.4)
Hepatic

Liver cirrhosis/complications 25/0.53 47.2 (30.5–69.6) 19/0.39 48.7 (29.3–76.1)
Primary liver carcinoma 12/0.17 70.6 (36.5–123.3) 15/0.12 125.0 (70.0–206.2)
Cholangiocarcinoma 1/0.11 9.1 (0.2–50.7) 2/0.86 2.3 (0.3–8.4)

Cardiovascular disease 40/40.2 1.0 (0.7–1.4) 36/41.1 0.9 (0.6–1.2)
Ischemic heart disease 13/21.6 0.6 (0.3–1.0) 9/20.0 0.4 (0.2–0.8)
Heart failure 8/1.7 4.7 (2.0–9.3) 10/2.6 3.8 (1.8–7.1)
Pulmonary embolism 6/0.74 8.1 (3.0–17.7) 4/0.70 5.7 (1.6–14.6)
Stroke 9/8.2 1.1 (0.5–2.1) 10/9.3 1.1 (0.5–2.0)
Lung cancer 6/6.2 1.0 (0.36–2.1) 3/4.1 0.7 (0.2–2.1)

Abbreviations: SMR, standardized mortality ratio; CI, confidence interval.

Table 4 Cause-specific mortality by airflow limitation in severe alpha 1-antitrypsin deficiency

FEV1/FVC ratio $0.70 FEV1/FVC ratio ,0.70

Observed/expected SMR (95% CI) Observed/expected SMR (95% CI)

COPD 26/1.8 14.4 (9.4–21.2) 253/3.9 64.9 (57.1–73.4)
Cardiovascular disease 29/25.0 1.2 (0.8–1.7) 47/54.6 0.9 (0.6–1.1)
Ischemic heart disease 5/12.2 0.4 (0.1–0.9) 17/28.8 0.6 (0.3–0.9)
Heart failure 7/1.5 4.7 (1.9–9.6) 11/2.8 3.9 (2.0–7.0)
Pulmonary embolism 2/0.5 4.0 (0.5–14.4) 8/0.94 8.5 (3.7–16.8)
Lung cancer 4/3.2 1.3 (0.3–3.2) 5/6.9 0.7 (0.2–1.7)

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; SMR, standardized mortality ratio; CI, confidence interval.
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have been the predominant causes of death in both ever- and 

never-smokers. Mortality due to CVD was not analyzed in 

these studies.

One possible mechanism for the reduced mortality from 

IHD is that PiZZ individuals may have lower blood pressure 

than healthy controls, as reported by Dahl et al.15 Hyperten-

sion being a major risk factor for both CVD and IHD, a 

lower level of blood pressure in AAT-deficient individuals 

than in the general population could reduce the risk of CVD 

and IHD. Dichtl et al16 found that AAT deficiency leads to 

fewer cleaved fragments of AAT in atherosclerotic plaques 

and thereby reduces atherosclerotic inflammation and risk 

of IHD. An interesting hypothesis is that a low serum con-

centration of AAT or the Z mutation of the AAT molecule 

could provide biochemical or genetic protection against IHD. 

However, Duckers et al17 reported increased aortic stiffness in 

a small group of PiZZ individuals with COPD in comparison 

with age- and sex-matched controls with normal lung func-

tion, indicating increased cardiovascular risk. No patients 

with usual COPD were included in the study, and it therefore 

remains unclear whether the increased aortic stiffness was 

related to AAT deficiency or COPD per se. In our study, 48% 

of PiZZ individuals had normal lung function. We analyzed 

cause-specific mortality, and therefore it is difficult to com-

pare our results with other studies that analyze risk of disease 

or clinical signs of diseases.

Interestingly, the risk of death from pulmonary embolism 

was markedly increased − seven times higher than in the 

general population. This is a new finding and has previously 

not been reported in mortality studies.7,8 In our previously 

published study, six (2%) of 302 deaths were caused by pul-

monary embolism.6 A few case-report studies have suggested 

that AAT deficiency may be associated with an increased 

risk of venous thromboembolism.18–20 There are two possible 

mechanisms for increased thrombophilia in AAT deficiency. 

An unopposed proteolytic activity of plasminogen activator 

could cause the activation of the coagulation cascade. Addi-

tionally, unopposed proteinase-3 activity may damage and/or 

activate endothelial cells, resulting in a prothrombotic state.20 

Increased mortality from heart failure is easier to explain, 

because COPD and respiratory failure are common causes 

of right heart failure.

Because previously published studies have shown that 

patients with COPD have increased mortality due to CVD,21 

we also analyzed SMR stratified by lung function. We still 

did not find any increased mortality due to CVD in the 

individuals with reduced lung function (FEV
1
/FVC ratio 

,0.70) compared with those with normal lung function. 

Simultaneously, the decreased mortality due to IHD and 

the increased mortality due to heart failure and pulmonary 

embolism remained significant in both the individuals with 

COPD and those with normal lung function. We found that 

mortality due to respiratory diseases was 14  times higher 

in AAT-deficient individuals with normal lung function at 

baseline than in the general population. Furthermore, AAT-

deficient individuals with COPD at inclusion had a fivefold 

higher risk of mortality due to respiratory diseases compared 

with those with normal lung function.

As expected, we found greatly increased mortality in 

PLC. Increased mortality due to cancer, overall, was driven 

by increased mortality due to PLC, while mortality due to 

lung, breast, or colon cancer was not increased. Previously 

published studies have indicated that AAT deficiency carriers 

have increased risk of lung and bladder cancer, and malignant 

lymphoma. Yang et al10 have reported, in a case-control study, 

an increased risk of lung cancer in carriers of AAT-deficient 

Z and S alleles compared with noncarriers. They concluded 

that the risk was caused by an imbalance between AAT and 

neutrophil elastase. It is possible that the burden of smoking 

is lower among the AAT-deficient patients than among the 

patients with usual COPD. Because no smoking data are 

available for the general population, this hypothesis cannot 

be tested in this study.

An unexpected finding was the increased mortality due 

to complicated diverticulitis. Stoller et al7 have previously 

reported that diverticulitis was the underlying cause of death 

in 3% of the 120 decedents with severe AAT deficiency in 

the National Heart, Lung and Blood Institute Register. In our 

study, five of the 524 decedents (1%) died of diverticulitis, 

which was significantly higher than the expected 0.24 deaths 

in the Swedish general population.

Strengths and limitations of this study
One of the most important strengths of our study is that all 

data are collected from a well-established national register 

of PiZZ individuals with a correct diagnosis verified by 

isoelectric focusing. In Sweden, the detection rate of severe 

AAT deficiency is relatively high (30%). The majority of 

individuals in the register had been identified in investiga-

tions for reasons other than respiratory symptoms, and 24% 

were identified by family or population screening. Due to 

these facts, a large number of the study population (48%) 

had normal lung function at inclusion. The follow-up period 

was long, from 1991 to 2014.

Another important strength in our study is that it is based 

on the Swedish system of personal identification number, 
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which implies that the vital status was available for all 

subjects. In the national mortality statistics, the causes of 

death are recorded for all deceased individuals in Sweden. 

Using a relative mortality model and the national mortality 

statistics made it possible to describe the excess cause-

specific mortality among the PiZZ individuals compared with 

the matched general population with complete follow-up.

There are some limitations in our study. First, the mor-

tality estimates are based on data from death certificates. 

The cause-specific estimates could be affected by changes 

over time in diagnostics as well as changes in coding and 

classification of the causes of death by physicians and in 

the Swedish Causes of Death Register. It is unlikely that 

the change from ICD-9 to ICD-10 in 1997 has affected the 

reliability of the results, according to analysis performed by 

the Swedish National Board of Health and Welfare.22 The 

possible bias is unlikely to substantially affect the internal 

or external validity of the present study. Furthermore,  

we cannot completely exclude that observed differences 

(or lack thereof) between the analyzed patient categories 

(by sex, smoking, and lung function) may be caused by 

differences in person-year distribution with respect to age 

and/or calendar year. Third limitation is that no individual 

data on smoking habits in the Swedish general population 

are available.

Conclusion
We conclude that PiZZ individuals had a reduced mortality 

risk of IHD. Further studies of CVD and cancer in PiZZ 

individuals compared with controls with known smoking 

habits are needed.
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