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Alpha-1 antitrypsin deficiency:
Learning from the past and building the path for the future

Introduction
Alpha-1 antitrypsin (AAT) deficiency (AATD) is 
an autosomal co-dominant condition that, in the 
most severe AATD genotypes, predisposes to dis-
ease in the lungs, liver, skin, and blood vessels. 
The primary pathogenic process in AATD-related 
lung disease is the breakdown of elastin in lung 
tissue as a result of excess uninhibited neutrophil 
elastase, a protease that is inhibited by AAT.1,2 
Independent of elastase inhibition, AAT has a 
range of anti-inflammatory and immunomodula-
tory properties.3

AAT is a 52 kDa single-chain glycoprotein com-
posed of 394 amino acid residues and three aspar-
agine-linked complex carbohydrate side chains.1 
Hepatocytes are the primary source of AAT, 
although macrophages and bronchial epithelial 
cells also synthesize the protein. AAT is known to 
inhibit a variety of serine proteinases, though its 
preferential target is the extracellular endopepti-
dase neutrophil elastase.1 AAT is encoded by the 
SERPINA1 gene, mutations in which can lead to 
the development of AATD.4,5 The M-type pro-
tease inhibitor (PI) is the most common and 
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wild-type allele of AAT in the general population. 
PI*MM individuals have “normal” AAT plasma 
levels (>20 µmol/L) and the M-type AAT func-
tions normally to bind and inactivate neutrophil 
elastase. Common deficient PI variants seen in 
patients with AATD include the Z and S variants; 
homozygotes for the Z allele, called PI*ZZ indi-
viduals, have plasma levels around 5–6 µmol/L, 
and PI*SS individuals have plasma levels approx-
imately 60% of normal (14–20 µmol/L).1,6 As dis-
cussed below, the risk for lung disease and 
extrapulmonary manifestations of AATD are 
dependent upon the individual’s AATD genotype 
and AAT serum level.

The genotype most commonly associated with 
severe AATD is PI*ZZ, the prevalence of which in 
the United States has been estimated in various 
ways, all with concordant estimates of approxi-
mately 1 in 3,500. An early study in the 1970s by 
the Oregon State Public Health Laboratory 
reported a prevalence of 1 in 5,097;7 another study 
in 1989 conducted in St. Louis reported a preva-
lence as high as 1 in 2,857.8 Based on epidemio-
logic reports and by using mathematical modeling, 
the prevalence of the PI*ZZ genotype was recently 
estimated to be 1 in 4,126 among non-Hispanic 
whites in the United States.9 Notably, some geo-
graphic variation in prevalence rates was predicted, 
with higher values in the Eastern states that pro-
gressively decreased in the Western and South-
Eastern areas of the country.9 However, as 
numerous other at-risk genotypes exist, the true 
prevalence and disease burden associated with 
AATD is difficult to estimate. In addition, low dis-
ease awareness has hampered detection efforts, and 
most affected individuals remain undiagnosed.10 
Diagnostic delay in AATD is an ongoing challenge, 
with evidence that individuals may be symptomatic 
for 5–8 years and see many physicians before initial 
diagnosis of AATD.11 Furthermore, delay in diag-
nosis has been shown to be associated with wors-
ened clinical status at the time of diagnosis.12

The current chapter of this review series addresses 
the clinical manifestations of AATD, primarily 
focusing on lung disease. The use of imaging tech-
nology in AATD diagnosis, management, and 
clinical research is described in a separate chap- 
ter by Huang et  al.13 In addition, the current  
chapter discusses extrapulmonary consequences 
of AATD, including associations with panniculitis 
and antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis. Liver disease associated with 

AATD is the consequence of a so-called intra-
hepatic “toxic gain of function” and is also dis-
cussed in a later chapter of this series of reviews by 
Patel and Teckman.14 The current chapter closes 
with a brief discussion of other diseases in which 
AATD has been reportedly implicated, recogniz-
ing that clear evidence in support of such disease 
associations remains sparse.

Lung disease
AATD-related lung disease does not typically 
manifest until individuals are at least in their 30s, 
when respiratory symptoms such as dyspnea, 
cough, and wheezing may begin.15 However, 
these symptoms are non-specific and not pathog-
nomonic of AATD.10 As a result, AATD is often 
overlooked and under-recognized. A number of 
key drivers for the under-recognition of AATD 
among healthcare providers have been identified 
and are summarized in Table 1.

Patients with AATD report symptoms consistent 
with a range of conditions, including emphysema, 
chronic bronchitis, or asthma, often in combina-
tion (Figure 1).21 However, not all patients with 
AATD will develop symptoms in their lifetime 
and the impact of AATD is highly variable.2 
There are a number of factors that may affect 
clinical disease severity in addition to AATD gen-
otype and serum AAT level. Smoking is known to 
be a major risk factor, and patients who smoke are 
at a far higher risk of developing lung disease 
compared with non-smokers.22,23 Smoking is also 
associated with a significant increase in mortality. 
A study using data from the Swedish National 
AATD Registry estimated the standardized mor-
tality ratio for smokers at 4.80 (95% confidence 
interval [CI]: 4.20–5.50) compared with 2.80 
(95% CI: 2.30–3.40) for never-smokers.23 Some 
asymptomatic never-smokers with AATD (often 
detected through familial testing) have a normal 
lifespan.23 Occupational choice is another factor 
known to affect outcomes in patients with AATD, 
with occupational exposure to mineral dust, 
smoke, and fumes being related to poorer lung-
related outcomes.24 Such exposures are com-
monly reported in people who work in construction 
and farming industries.24

The major pulmonary complication of AATD is 
emphysema, which usually manifests earlier in life 
than non-AATD-related emphysema.1,2 The risk of 
emphysema in individuals with the PI*MM, 
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PI*MS, and PI*SS genotypes appears to be no dif-
ferent than the general population.25 Similarly, 
never-smoking PI*MZ and PI*SZ individuals do 
not have higher than expected risk of emphysema.2 
In individuals with the PI*MZ and PI*SZ geno-
types, smoking appears to be the predominant risk 
factor for an increased risk of lung disease.25–28 
Although potentially confounded by ascertainment 
bias, those with PI*Null-Null genotypes appear to 
have a 100% emphysema risk.25 Histologic assess-
ment of tissue from 42 individuals enrolled in the 
Registry of Individuals with Severe Deficiency of 

AAT showed emphysema in 34 (81%) of the 
patients.29 In general, AATD is most commonly 
associated with a pattern of panacinar emphysema, 
which appears predominantly in the basal regions.1,30 
However, contrary to traditional teaching, over one-
third (36%) of patients with AATD have a pattern 
of emphysema that is not basilar predominant but 
instead is a primarily apical disease.30

Emphysema related to AATD is irreversible, and 
smoking is known to accelerate decline in lung 
function.2,31 The cause of death in patients with 
AATD is most often respiratory-related, with res-
piratory failure accounting for the majority of 
deaths (approximately 70%).23 However, respira-
tory-related death is less common in patients who 
have never smoked (39% versus 68%), who 
instead show a greater proportion of cirrhosis-
related mortality compared with smokers (21% 
versus 8%).23

Other disease manifestations in AATD
In addition to emphysema, AATD is associated 
with bronchiectasis along with extrapulmonary 
manifestations (Figure 2).

Pulmonary manifestations
Symptoms of chronic obstructive pulmonary dis-
ease (COPD) and asthma often overlap,32 and stud-
ies have shown that patients with AATD often 

Table 1. Key drivers of the under-recognition of AATD.

Driver Additional information

Poor knowledge of AATD by 
physicians

•	 In	a	web-based	survey	comprising	30	multiple-choice	questions	
aimed at testing the knowledge of physicians and respiratory 
therapists about AATD, respondents answered only approximately 
50%	of	questions	correctly.16

 •	 In	another	survey,	only	14%	of	respondents	reported	“knowing	very	
well” about AATD.17

Underappreciation of and non-
compliance with guidelines by 
physicians

•	 A	literature	study	identified	a	number	of	common	potential	barriers	
to guideline adherence, including lack of familiarity and awareness 
of guidelines, self-efficacy, outcome expectancy, and inability to 
overcome the inertia of previous practice.18

 •	 Another	study	found	that	it	is	not	always	clear	to	primary	care	
physicians when to test for AATD, or when to refer patients to a 
specialist.19

“Therapeutic	nihilism” •	 The	incorrect	belief	that	therapy	is	not	available	has	been	reported.20

AATD, alpha-1 antitrypsin deficiency.

Obstructive lung disease

No lung- or 
liver-related
symptoms

14.9%

3.6%
Asthma

Emphysema

Chronic
bronchitis 4.9%

Liver disease

3.6%

10.2% 10.3%

16.3%

6.3%
16.3%

8.3%

5.7%

Figure 1. Overlap of patient-reported symptoms in 
AATD.21

Reproduced with permission from Strange et al.21

AATD, alpha-1 antitrypsin deficiency.
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exhibit a significant, albeit incomplete, bronchodila-
tor response. In a study of the National Heart, 
Lung, and Blood Institute (NHLBI) Registry, 35% 
of subjects self-reported a history of asthma and 
more than 60% of subjects showed a post-broncho-
dilator response on three serial spirometry measure-
ments.1 However, recent evidence suggests that 
AATD is no more prevalent in patients with asthma 
than in the general population, with no association 
found between AATD and specific asthma pheno-
types.33 In addition, in a survey of individuals with 
AATD, approximately 40% also reported a diagno-
sis of chronic bronchitis.21 Furthermore, patients 
with AATD and abnormal lung function are signifi-
cantly more likely to have a history of chronic bron-
chitis than those with normal lung function.15

As neutrophils are thought to have a key role in 
the development of bronchiectasis,34 it follows 
that an association between AATD and bronchi-
ectasis is plausible. Indeed, a recent large study 
of high-resolution computed tomography scans 
by Carreto et  al. found that 0.5% of 1,600 
patients with bronchiectasis in the UK had 
AATD.35 Conversely, case series have reported 
clinical bronchiectasis among patients with 
AATD, with prevalence estimates ranging from 
1% in the NHLBI Registry to 27% in a series by 
Parr et al.1,36 A recent targeted detection study 
found that bronchiectasis was particularly asso-
ciated with the PI*ZZ genotype.35

Extrapulmonary manifestations
The systemic nature of AATD is underscored by 
the number of extrapulmonary conditions that 
have been reportedly linked to AATD. Pannicu-
litis, defined as inflammation of the subcutaneous 
tissue, is an established but rare consequence of 
AATD (i.e., reported in only one of 1129 partici-
pants in the NHLBI Registry), and presents as 
migratory, painful red nodules on the skin.37 
Common features of AATD-associated pannicu-
litis include pathologic evidence of neutrophilic 
inflammation, primarily lobular involvement, and 
frequent ulceration, presenting with oily drainage 
(Figure 3).37

Although not fully understood, panniculitis in 
AATD appears to be especially associated with 
the PI*ZZ genotype, where there is unopposed 
proteolytic damage in subcutaneous lipid tissue, 
analogous to the pathogenesis of pulmonary 
emphysema in individuals with severe deficiency 
of AAT.39,40 A systematic review of 32 case reports 
and four case series suggested that plasma-derived 
intravenous AAT therapy was effective in treating 
AATD-associated panniculitis.39 Although dap-
sone is considered by some to be the first line of 
therapy for this indication and achieves clinical 
resolution in 62% of cases, side effects can limit 
its use.39 When dapsone is either not effective or 
not tolerated, augmentation therapy with pooled 
human plasma-derived AAT is recommended.39 
Other treatments, including antibiotics and 
immunosuppressants, have been associated with 
very low rates of clinical resolution, and non-ste-
roidal anti-inflammatory drugs are ineffective.39

Another condition that has been shown to be 
associated with AATD and the Z allele is ANCA-
associated vasculitis (AAV), an inflammatory 
state of the vasculature affecting multiple organ 
systems caused by the development of autoim-
mune antibodies to neutrophils (Figure 4).41,42 
In a study of 142 patients with AAV (of whom 
88 had granulomatosis with polyangiitis [GPA] 
and 54 had microscopic polyangiitis [MPA]), 
the frequencies of the Z and S alleles were 8% 
and 6%, respectively. There was no association 
between AATD and ANCA subtype or AAV 
phenotype, except for intra-alveolar hemor-
rhage, which was more frequent in patients with 
the Z or S alleles.43 The clinical significance of 
AAV in AATD is difficult to determine due to 
the low prevalence of AAV in patients with 
severe AATD genotypes; at least in one small 

Neurological
• *CIDP, *MS, *GBS?

Liver
• Liver disease

Skin
• Panniculitis

Vasculature
• *Aneurysmal disease
• ANCA-associated vasculitis

Lungs
• COPD
• Bronchiectasis

Gallbladder
• Cholelithiasis

Figure 2. Clinical manifestations of AATD.
* Speculative association with AATD.
AATD, alpha-1 antitrypsin deficiency; ANCA, antineutrophil 
cytoplasmic antibody; CIDP, chronic inflammatory 
demyelinating polyneuropathy; COPD, chronic obstructive 
pulmonary disease; GBS, Guillain–Barré syndrome; MS, 
multiple sclerosis.
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study, the presence of AATD does not seem to 
expose patients to an increased risk of AAV.44 
Further research is required to assess the need 
for augmentation therapy in individuals with 
AAV associated with AATD.

In a recent genome-wide association study by 
Merkel et al.,45 an association between GPA and 
the Z allele was confirmed—an increased risk of 
AAV was found in patients with the single-nucle-
otide polymorphism variant rs141530233 at the 
SERPINA1 locus (Z allele). This association 
between GPA and the Z allele has also been con-
firmed by Mahr et al.,46 as well as an association 
between GPA risk and the S allele, strengthening 
the evidence of a link between AATD and GPA.

An increased risk of gallstone disease (cholelithi-
asis) has also been reportedly associated with 
AATD, the Z and S alleles in particular, and can 
result in patients requiring cholecystectomy.47 
Liver dysfunction as a result of the toxic accumu-
lation of AAT in the liver in individuals with the 

Z allele has been speculated to predispose patients 
to gallstone disease.47

Aneurysmal disease has also been associated with 
AATD.48 In one study of 100 patients with intrac-
ranial aneurysms, the rate of heterozygous AATD 
states (PI*MS and PI*MZ) was higher than in 
the general population (16% versus 7%, odds 
ratio: 2.56 [95% CI: 1.32–4.75; p = 0.005]).48 
Another study reported that in a cohort of patients 
with emphysema, only patients with AATD were 
found to have age-related acceleration in aortic 
wall degeneration, suggesting a pathologic link 
between AATD and aortic dilatation.49 Links 
with neurological conditions such as chronic 
inflammatory demyelinating polyneuropathy, 
Guillain–Barré syndrome, and multiple sclerosis 
have also been suggested,48,50 though, at present, 
these associations remain speculative in nature.

Regarding other co-morbidities, recent data sug-
gest that pulmonary hypertension, chronic kid-
ney disease, and diabetes are more prevalent in 

Figure 3. Panniculitis in patients with AATD. (a) Violaceous nodule with overlying grouped yellowish 
pseudovesicles and telangiectasias on the right shoulder. (b) Erythematous, violaceous nodules on the left 
mons	pubis	with	fat-like	projections	and	ulcerations.	(c)	Erythematous,	violaceous	nodules	and	plaques	on	the	
right volar surface of the wrist with marked ulcerations. (d) Complete healing was documented within 3 weeks 
of initiating intravenous augmentation therapy.
Reproduced with permission from Elsensohn et al.38

AATD, alpha-1 antitrypsin deficiency.
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patients with AATD than those with non-AATD 
asthma or emphysema.51 Conversely, cardiovas-
cular diseases, specifically coronary artery dis-
ease and peripheral artery disease, appear to be 
less prevalent in patients with AATD than those 
with non-AATD COPD.52 However, the mecha-
nisms underlying these proposed co-morbid 
associations are unclear.

Conclusions
AATD is a systemic condition that is associated 
with a broad spectrum of associated diseases, 
most commonly emphysema. The manifestations 
and presentation of lung disease in individuals 
with AATD is varied and generally similar to 
those with non-AATD COPD or asthma. As is 
discussed in the chapter in this series regarding 
rare and novel variants of SERPINA1 and the 
increasing complexity of testing for AATD, only 
AATD genotyping, AAT-phenotyping, or gene 
sequencing can identify the presence of AATD.53 
Moreover, extrapulmonary manifestations of 
AATD, including panniculitis, AAV, and liver 

disease (which is discussed in more detail within 
the chapter by Patel and Teckman14) contribute 
to the disease burden of AATD.

The lack of awareness of AATD among many 
physicians poses a significant barrier to prompt 
diagnosis and proper treatment of individuals with 
AATD. Further efforts to increase awareness of 
the disease and management guidelines are war-
ranted because early identification of patients with 
AATD can facilitate effective interventions (i.e., 
smoking cessation, occupational choice, and intra-
venous augmentation therapy where appropriate). 
Currently indicated non-pharmacological and 
pharmacological options for the management of 
lung disease in patients with AATD are discussed 
in detail within the chapter in this series on treat-
ment, authored by Barjaktarevic and Campos,54 
and emerging treatment strategies are discussed 
within the chapter by Rahaghi.55 When AATD 
progresses to end-stage lung disease and respira-
tory failure, lung transplantation may be the only 
option available, which is the focus of the chapter 
authored by Zamora and Ataya.56

Figure 4. Histological hallmarks for AAV: (a) only segmental necrosis (Masson trichrome stain); (b) segmental 
necrosis with small crescent (hematoxylin and eosin); (c) necrotizing extracapillary lesion in half of glomerulus 
(Masson trichrome stain); (d) massive necrosis with circumferential crescent (silver stain). All panels at ×20 
magnification.
Reproduced with permission from Ferrario et al.57

AAV, ANCA-associated vasculitis.
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