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Abstract 

Background  Alpha-1-antitrypsin (AAT) deficiency (AATD) is a genetic disorder that can manifest as lung disease. A 
delay between onset of symptoms and diagnosis of AATD is common and associated with worse clinical status and 
more advanced disease stage but the influence on survival is unclear.

Objective  We aimed to investigate the impact of diagnostic delay on overall survival (OS) and transplant-free survival 
(TS) in AATD patients.

Methods  We analysed 268 AATD patients from the prospective multi-centre Austrian Alpha-1 Lung (AAL) Registry, 
employing descriptive statistics, Chi-square-test as well as univariable (Kaplan–Meier plots, log-rank test) and multi‑
variable survival analysis (Cox regression).

Results  The predominant phenotype was Pi*ZZ (82.1%). At diagnosis, 90.2% had an AAT level below 0.6 g/L. At inclu‑
sion, 28.2% had never smoked, 68.0% had quit smoking and 3.8% continued to smoke. Lung disease was diagnosed 
in 98.5%, thereof most patients were diagnosed with emphysema (63.8%) and/or chronic obstructive pulmonary 
disease (44.0%). Median diagnostic delay was 5.3 years (inter-quartile range [IQR] 2.2–11.5 years). In multivariable 
analysis (n = 229), a longer diagnostic delay was significantly associated with worse OS (hazard ratio [HR] 1.61; 95% CI 
1.09–2.38; p = 0.016) and TS (HR 1.43; 95% CI 1.08–1.89; p = 0.011), independent from age, smoking status, body mass 
index (BMI), forced expiratory volume in one second (FEV1) and long-term oxygen treatment. Furthermore, BMI, age 
and active smoking were significantly associated with worse OS as well as BMI, active smoking and FEV1 were with 
worse TS.

Conclusions  A delayed diagnosis was associated with significantly worse OS and TS. Screening should be improved 
and efforts to ensure early AATD diagnosis should be intensified.
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Background
Alpha-1-antitrypsin (AAT) deficiency (AATD) is a 
genetic disorder that can manifest as lung or liver dis-
ease [1]. It is caused by mutations of the gene SER-
PINA1, encoding the proteinase inhibitor (Pi) AAT 
[1]. Most of the severe AATD cases result from the 
homozygous amino acid replacement Glu342Lys (called 
“Z allele”), the Pi*ZZ genotype, which can lead to both 
lung and liver manifestations and is typically charac-
terized by a low AAT serum level [1–3]. It is estimated 
that over 100,000 persons in Europe exhibit the Pi*ZZ 
genotype [4, 5].

An even more frequent variant is the “S allele” 
(amino acid substitution Glu264Val) which can, in het-
erozygous combination with the Z allele (Pi*SZ), cause 
hepatic fibrosis as well as increase the risk for COPD 
and emphysema in smokers [6–8]. Recent evidence 
suggests that persons bearing the heterozygous com-
bination of Z allele and the wild-type M allele (Pi*MZ) 
might also have an increased risk to develop COPD or 
liver cirrhosis, particularly in combination with other 
risk factors, although the association is reported to be 
weaker than in Pi*SZ persons [9–13].

Pulmonary manifestations of AATD include COPD 
and emphysema, caused by chronic inflammation due 
to unopposed proteinase activity in the lungs [1, 14]. 
The insufficient quantity of (functional) AAT is fur-
ther decreased by smoking, as oxidants in cigarette 
smoke oxidize the active-site methionines of AAT and 
increase its polymerization [15]. Indeed, many Pi*ZZ 
patients who smoke develop COPD and/or emphysema 
at an unusually young age and the risk for these con-
ditions is significantly increased in persons with Pi*SZ 
and Pi*MZ phenotype who smoke [7, 8, 11].

Previous publications have demonstrated that a 
wide-spread problem in AATD is late diagnosis, often 
several years after the onset of first respiratory tract 
symptoms [16, 17]. Although it has been suggested 
that an early AATD diagnosis could be beneficial as it 
allows timely smoking cessation, family screening and 
initiation of treatment by AAT augmentation therapy 
[18], direct evidence of the harmfulness of a delayed 
AATD diagnosis is sparse. In a recent study, a longer 
diagnostic delay was associated with worse clinical sta-
tus and more advanced disease stage [19]. However, to 
our best knowledge, no study about the impact of diag-
nostic delay in AATD patients on survival has yet been 
published.

Here, we report results from a large national multi-cen-
tre register, the Austrian Alpha-1 Lung (AAL) Registry. In 
particular, we investigated the impact of diagnostic delay 
and other factors on overall survival (OS), transplant-free 
survival (TS) and clinical characteristics.

Methods
Patients
The Austrian Alpha-1 Lung (AAL) Registry is a national 
multi-centre registry. All adult patients (≥ 18  years old) 
who were diagnosed by phenotyping or genotyping with 
AATD (any phenotype except Pi*MM) in one of nine spe-
cialised Austrian AATD centres (in alphabetical order: 
Klinik Ottakring; Klinikum Klagenfurt am Woerther-
see; Klinikum Wels-Grieskirchen; Landeskrankenhaus 
Hohenems; Landeskrankenhaus Natters; LKH Graz II—
West; LKH Graz II—Enzenbach; Medical University of 
Innsbruck; Paracelsus Medical University Salzburg) could 
be entered into the registry, provided that the patient 
gave written, informed consent. Exclusion criteria were 
phenotype Pi*MM and refusal to give consent.

The AAL Registry was established in 2010 and patients 
were prospectively included from this year on. Further-
more, data of 145 Austrian patients from the retrospec-
tive Alpha1-international-registry (AIR), containing data 
of patients with the phenotypes Pi*ZZ, Pi*SZ, Pi*S0 and 
Pi*00, who were included in the years 2002 to 2010 was 
transferred to the AAL Registry [17].

Routinely, check-up visits of Austrian AATD patients 
are scheduled once per year in specialized expert centres 
and, if required, in closer intervals in the extramural set-
ting. In Austria, augmentation therapy is mainly avail-
able at specialized AATD expert centres. The decision if a 
patient is offered augmentation therapy is based on local 
guidelines [20]. In general, augmentation therapy should 
be considered in non-smoking patients with severe 
AATD and impaired lung function (FEV1 ≤ 65%) or rapid 
decline of lung function. Augmentation therapy is gener-
ally not recommended for patients with FEV1 < 30% [20].

Data collection
Data was entered into the AAL Registry by the treat-
ing physician via web-based electronic case report form 
(eCRF). At inclusion, demographic and biometrical data 
as well as clinical parameters were recorded. Forced 
expiratory volume in 1 s (FEV1) after application of bron-
chodilators was employed to assess lung function. The 
time of first onset of any respiratory tract-related symp-
toms such as coughing or dyspnoea that subjectively 
marks the beginning of symptomatic lung disease was 
recorded as (retrospectively) reported by the patient. If 
a patient had been diagnosed with manifest lung disease 
(e.g. COPD, emphysema, etc.), was recorded at inclusion 
into the registry as self-reported by the patient.

Statistical analyses and definition of endpoints
In order to provide a clear picture of factors that are 
related to survival among the relevant population, all 
statistical analyses were restricted to the population of 
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interest for this study, i.e. patients for whom data on 
survival and diagnostic delay were available.

Baseline patient characteristics are presented using 
descriptive statistics. Diagnostic delay was defined 
as the time from the first onset of respiratory tract-
related symptoms such as coughing or dyspnoea 
until the day of AATD diagnosis. In order to ana-
lyse the association of diagnostic delay and other 
characteristics, differences between patients with 
shorter vs. longer diagnostic delay were evaluated by 
Chi-square-test.

Overall survival (OS) was defined as the time from 
AATD diagnosis until death, regardless of the cause of 
death. In order to assess a combined endpoint, trans-
plant-free survival (TS) was defined as the time from 
AATD diagnosis until death or the date of receiving 
lung transplantation. Patients who were still alive on 
April 15, 2020, (end of follow-up) or who were lost to 
follow-up were censored at the time of last contact. 
Kaplan–Meier plots and log-rank test were employed 
for univariable analysis of survival. For univariable 
OS/TS analysis of diagnostic delay, a cut-off of 2 years 
was chosen, in order to compare the groups of patients 
with shorter (< 2 years) vs. longer (> 2 years) diagnostic 
delay, as we assumed that this should be the absolute 
maximum what would be a clinically acceptable time 
for AATD diagnosis. Median follow-up was calculated 
using the reverse Kaplan–Meier method.

Multivariable survival analysis was done by Cox 
regression. The proportionality assumption was 
assessed using time interaction variables, separately 
for every independent variable. Apart from diagnos-
tic delay which is the main variable of interest of our 
study, we included well-known predictors of outcome 
in AATD/COPD patients, namely age, smoking status, 
FEV1, BMI and long-term oxygen treatment, based on 
biological plausibility and previous literature. We did 
not include variables that are known confounders of 
FEV1  (or other variables in the multivariable model), 
e.g. diagnosis of emphysema and use of antiobstruc-
tive therapy, in order to avoid collinearity in the multi-
variable model. For multivariable survival analysis as a 
continuous variable, the variable “diagnostic delay” was 
transformed (logarithmic transformation using the nat-
ural logarithm), in order to achieve normal distribution.

A p-value < 0.05 was considered statistically signifi-
cant. Wherever multiple testing was used, the level of 
statistical significance was corrected for multiple test-
ing using the Bonferroni method. Wherever applicable, 
the level of statistical significance calculated by Bonfer-
roni method is given in the respective table. Statistical 
analysis was performed using IBM SPSS version 27.0 
(Amonk, NY, USA).

Ethical considerations
The study was approved by the human research ethics 
committee of the City of Vienna on January 31, 2012 
(number EK11-248-0112). The study protocol conforms 
to the ethical guidelines of the Declaration of Helsinki 
and the Good Scientific Practice guidelines of the Med-
ical University of Vienna. Written, informed consent 
was obtained from all patients who were included in 
the study.

Results
Patient characteristics
In total, 376 patients were included in the database. 
Two patients whose datasets did not contain any data 
and one patient with Pi*MM phenotype and no docu-
mented AAT serum level below 1.1  g/L were a priori 
excluded from analysis. Thus, 373 patients were evalua-
ble (patient flow chart, Fig. 1). Median time from AATD 
diagnosis to inclusion into registry was 8.8  months 
(inter-quartile range [IQR] 1.4–76.9  months). Baseline 
characteristics of the whole study cohort (373 patients) 
are presented in Additional file  1: Table  S1, more 
detailed information on their phenotypes in Additional 
file 2: Table S2. Boxplots of serum AAT level and forced 
expiratory volume in 1 s (FEV1) according to phenotype 
are shown in Additional file 5: Fig. S1, Additional file 6: 
Fig. S2, respectively.

All further analyses were conducted in the population 
of interest, i.e. the 268 patients for whom data on diag-
nostic delay, defined as the time from the first onset of 
respiratory tract-related symptoms until AATD diag-
nosis, and survival were available (patient flow chart, 
Fig.  1). Median diagnostic delay was 5.3  years (inter-
quartile range [IQR] 2.2–11.5 years) (Fig. 2).

The baseline characteristics of the population of inter-
est (n = 268) are presented in Table  1. The majority of 
patients exhibited a Pi*ZZ phenotype (n = 220; 82.1%). At 
inclusion into the registry, 75 patients (28.2%) had never 
smoked, 181 patients (68.0%) had quit smoking and 10 
patients (3.8%) continued to smoke. At diagnosis, 90.2% 
of the patients had an AAT level below 0.6 g/L which is 
the threshold above which individuals are assumed to be 
protected from severe lung manifestations [8, 21]. Lung 
disease was diagnosed in 264 patients (98.5%), thereof 
most patients were diagnosed with emphysema (63.8%) 
and/or chronic obstructive pulmonary disease (44.0%).

Analysis of overall survival
Of 268 patients analysed, 24 patients (9.0%) died during 
follow-up. Median follow-up was 85.2  months. In the 
whole cohort, survival rates were 96.2% after 5  years, 
92.0% after 10 years and 85.5% after 15 years.
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In univariable analysis, patients with a long diag-
nostic delay (> 2  years) had a lower OS (15-year sur-
vival rate 81.7% vs. 95.2%) than patients with a shorter 
diagnostic delay (≤ 2  years) (log-rank p-value = 0.080; 
Fig.  3). Active smoking at inclusion into registry (yes 
vs. no: 10-year survival rate 0.0% vs. 93.2%) was sig-
nificantly associated with dismal survival (log-rank 
p-value < 0.001). Yet, the survival of ex-smokers and 
never-smokers was similar (15-year survival rate 86.5% 

vs. 86.5%) (log-rank p-value = 0.916; Additional file  7: 
Figure S3). OS was also significantly lower in patients 
with low FEV1 and long-term oxygen treatment 
(Table 2).

Results of multivariable analysis of OS by Cox regres-
sion (n = 229) are presented in Table 3. A longer diag-
nostic delay was significantly associated with worse 
survival (hazard ratio [HR] 1.61; 95% CI 1.09–2.38; 
p = 0.016), independent from age, active smoking, BMI, 

Fig. 1  Patient flow chart

Fig. 2  Diagnostic delay
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Table 1  Baseline patient characteristics of the population of interest (n = 268)

Variable n %

Total 268 100

Sex (n = 268) Male 166 61.9

Female 102 38.1

Age (years) (n = 268) Mean (standard deviation) 53.4 (11.9)

Diagnostic delay (years) (n = 268) Median (IQR) 5.3 (2.2–11.5)

< 2 62 23.1

2–5 66 24.6

5–10 57 21.3

> 10 83 31.0

Phenotype (n = 268) ZZ 220 82.1

SZ 29 10.8

Other 19 7.1

Serum AAT level (g/L) at time of AATD diagnosis (n = 163) Mean (standard deviation) 0.33 (0.19)

≥ 0.6 16 9.8

< 0.6 147 90.2

Body mass index (BMI; kg/m2) (n = 268) Mean (standard deviation) 24.2 (4.0)

Smoking status (n = 266) Never 75 28.2

Yes, at any time 191 71.8/100

Yes, ex-smoker 181 68.0/94.8

Yes, active smoking 10 3.8/5.2

Reason for being tested (n = 263) Symptomatic disease 243 92.4

Family-based screening 20 7.6

Lung disease, as self-reported by the patient (multiple diagnoses possible) 
(n = 268)

None 4 1.5

Any lung disease 264 98.5

Chronic obstructive pulmonary disease (COPD) 118 44.0

Emphysema 171 63.8

Chronic bronchitis 74 27.6

Asthma 29 10.8

Bronchiectasis 13 4.9

Lung cancer 0 0.0

Respiratory tract-related symptoms (multiple symptoms possible) (n = 268) None 0 0.0

Any respiratory tract-related symptoms 268 100

Cough 53 19.8

Dyspnea 236 88.1

Forced expiratory volume in 1 s (FEV1) in % of the expected value (n = 265) Mean (standard deviation) 52.5 (24.7)

≤ 50% 143 54.0

> 50% 122 45.5

Cardiovascular comorbidity (n = 268) No 244 91.0

Yes 24 9.0

History of pneumonia (n = 261) No 162 62.1

Yes 99 37.9

History of exacerbation (n = 157) No 101 64.3

Yes 56 35.7

History of lung transplantation (n = 268) No 263 98.1

Yes 5 1.9

History of lung volume reduction surgery (n = 268) No 263 98.1

Yes 5 1.9

Treatment with inhalative antiobstructive agents (n = 268) No 25 9.3

Yes 243 90.7
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pulmonary function (FEV1) and long-term oxygen 
treatment.

Analysis of transplant‑free survival
Of 268 analysed patients, 24 (9.0%) died during follow-up 
and five (1.9%) received a lung transplant. A diagnostic 
delay of more than 2  years was associated with a lower 
transplant-free survival (TS) (15-year TS rate 71.3% vs. 
84.5%), compared to a diagnostic delay ≤ 2  years; (log-
rank p-value = 0.065; Fig.  4). Active smoking at inclu-
sion into the registry (10-year TS rate 0.0% vs. 85.1%) 
was significantly associated with poor TS (log-rank 

p-value < 0.001). Further results of univariable TS analysis 
are presented in the Additional file 3: Table S3. In mul-
tivariable analysis by Cox regression (n = 229), longer 
diagnostic delay was associated with a significantly lower 
TS (HR 1.43; 95% CI 1.08—1.89; p = 0.011), independent 
from age, active smoking, BMI and pulmonary function 
(FEV1) (Additional file 4: Table S4).

Association of diagnostic delay with other variables
Results of the comparison of the characteristics of 
patients according to diagnostic delay (≤ 2 vs. > 2 years) 
are presented in Table  4. There was no significant 

Table 1  (continued)

Variable n %

Long-term oxygen therapy (n = 266) No 216 81.2

Yes 50 18.8

AAT augmentation therapy (n = 268) No 157 58.6

Yes 111 41.4

If not stated otherwise, values at time of inclusion into registry

AAT​ alpha-1-antitrypsin, AATD alpha-1-antitrypsin deficiency, BMI body mass index, COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, 
IQR inter-quartile range

Fig. 3  Kaplan–Meier plot of overall survival (OS) by diagnostic delay ≤/> 2 years (n = 268)
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association of diagnostic delay (≤ 2 vs. > 2  years) with 
any of the analysed patient characteristics.

With 10 years as a cut-off for diagnostic delay, in the 
group with longer delay (> 10  years), there was a sig-
nificantly higher proportion of patients with a history 
of pneumonia (42.4% vs. 24.1%, p = 0.002) and exacer-
bation (50.0% vs. 28.7%, p = 0.008) at inclusion into the 
registry.

Discussion
In this study, we investigated the impact of diagnos-
tic delay on overall survival (OS) and transplant-free 
survival (TS) in a prospective multi-centre cohort of 
268 alpha-1-antitrypsin deficiency (AATD) patients 
from the Austrian Alpha-1 Lung (AAL) Registry. We 
observed that a longer diagnostic delay was associ-
ated with significantly worse overall survival and 

Table 2  Univariable analysis of overall survival (OS)

Statistical significance (corrected by Bonferroni method): p value < 0.0031

AAT​ alpha-1-antitrypsin, AATD alpha-1-antitrypsin deficiency, BMI body mass index, COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s

Variable n 5-year 
survival 
rate, %

10-year 
survival 
rate, %

15-year 
survival 
rate, %

p value 
(log-rank 
test)

Total 268 96.2 92.0 85.5 –

Sex (n = 268) Male 166 96.1 90.0 83.3 0.745

Female 102 96.5 96.5 89.6

Age at inclusion into registry (years) (n = 268) ≤ 65 224 96.8 92.8 86.6 0.042

> 65 44 93.4 87.9 80.6

Diagnostic delay (years) (n = 268) ≤ 2 62 100 100 95.2 0.080

> 2 206 94.8 88.9 81.7

Phenotype (n = 268) Pi*ZZ 220 96.9 92.4 85.6 0.633

other 48 91.7 91.7 91.7

Body mass index (BMI) at inclusion into registry (kg/m2) 
(n = 268)

≤ 25 168 95.1 91.2 82.9 0.071

> 25 100 98.7 93.8 90.4

Smoking status at time of inclusion into registry (n = 266) Never 75 98.5 95.9 86.5 0.002

Yes, ex-smoker 181 95.8 92.0 86.5

Yes, active smoking 10 80.0 0.0 0.0

Active smoking at time of inclusion into registry (n = 266) No 256 96.7 93.2 86.6 < 0.001

Yes 10 80.0 0.0 0.0

Reason for being tested (n = 263) Symptomatic disease 243 96.4 92.5 84.9 0.324

Family-based screening 20 94.1 85.6 85.6

Diagnosis of chronic obstructive pulmonary disease (COPD) at 
inclusion into registry, as self-reported by the patient (n = 268)

No 150 96.7 93.4 88.8 0.101

Yes 118 95.4 88.1 70.2

Diagnosis of emphysema at inclusion into registry, as self-
reported by the patient (n = 268)

No 97 100 95.7 95.7 0.092

Yes 171 94.7 90.5 82.6

Forced expiratory volume in 1 s (FEV1) in % of the expected 
value at inclusion into registry (n = 265)

≤ 50% 143 94.5 89.3 80.2 0.004

> 50% 122 99.0 96.7 96.7

Cardiovascular comorbidity (n = 268) No 244 96.5 92.8 85.5 0.180

Yes 24 91.7 83.3 83.3

History of exacerbation at inclusion into registry (n = 157) No 101 98.8 95.0 95.0 0.011

Yes 56 89.6 83.6 54.9

Treatment with inhalative antiobstructive agents at inclusion 
into registry (n = 268)

No 25 100 88.9 88.9 0.561

Yes 243 95.8 92.2 85.1

Long-term oxygen therapy at inclusion into registry (n = 266) No 216 98.0 93.5 90.6 0.002

Yes 50 88.2 84.6 68.5

AAT augmentation therapy at inclusion into registry (n = 268) No 157 92.4 88.0 85.4 0.308

Yes 111 100 95.8 86.8
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transplant-free survival, independent from known risk 
factors such as age, BMI, impaired pulmonary function, 
smoking status and long-term oxygen treatment. These 
findings suggest that screening in relevant patient 
groups (e.g. COPD patients) has to be improved and 
intensified efforts to ensure early AATD diagnosis are 
necessary.

Diagnostic delay is a wide-spread problem in AATD 
and the diagnosis is often made several years after the 
onset of first respiratory tract symptoms [1, 19]. A 
delayed AATD diagnosis has been shown to be associ-
ated with worse clinical and functional status, worsened 
air-flow obstruction, and negative psychosocial conse-
quences [19, 22]. Yet, to our best knowledge, no evidence 

Table 3  Multivariable analysis of overall survival (OS) by Cox regression (n = 229)

*After logarithmic transformation (using natural logarithm)

BMI body mass index, CI confidence interval, FEV1 forced expiratory volume in 1 s, HR hazard ratio

Variable HR 95% CI p value (Cox 
regression)

Diagnostic delay (years)*—continuous 1.61 1.09–2.38 0.016

Body mass index (BMI; kg/m2)—continuous 0.86 0.73–1.00 0.049

Age (years)—continuous 1.07 1.02–1.12 0.009

Active smoking at time of inclusion into registry No 1.00 – 0.006

Yes 11.54 2.02–65.83

Forced expiratory volume in 1 s (FEV1) in % of the expected value > 50 1.00 – 0.141

≤ 50 3.23 0.68–15.36

Long-term oxygen therapy at inclusion into registry No 1.00 – 0.107

Yes 2.33 0.83–6.50

Fig. 4  Kaplan–Meier plot of transplant-free survival (TS) by diagnostic delay ≤/> 2 years (n = 268)
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was existing previously to our study to elucidate whether 
a delayed AATD diagnosis is associated with survival. 
Our findings suggest that a diagnostic delay does not 
only translate to higher disease severity but also leads to 
higher mortality.

The fact that there was a significantly higher percentage 
of patients with a history of pneumonia and exacerbation 
in the group with a diagnostic delay above 10 years, might 
indicate a cause of their diminished survival: Exacerba-
tions are well known to predict poor outcome in COPD 
as well as AATD [23, 24]. A possible reason for the asso-
ciation of diagnostic delay and exacerbations might be 
that in patients with timely diagnosis interventions such 
as smoking cessation can be undertaken to decelerate 
disease progression and to reduce the risk of exacerba-
tions. Augmentation therapy that can only be initiated 
after AATD diagnosis might also play a role although this 
remains unclear at the moment. Particularly, the hypoth-
esis that augmentation treatment might reduce the fre-
quency of exacerbation is currently under investigation, 
however with no final clarity yet [1, 20].

In 2003, the joint ATS/ERS statement recommended 
AATD testing in patients with emphysema, COPD, 
asthma with incompletely reversible obstruction, unex-
plained liver disease, bronchiectasis without evident eti-
ology as well as in relatives of AATD patients [25]. Later, 

the Alpha-1 Foundation Clinical Practice Guidelines rec-
ommend testing in all patients with COPD, unexplained 
chronic liver disease, unexplained bronchiectasis and 
in relatives of AATD patients [26]. In contrast, the 2017 
European Respiratory Society (ERS) statement recom-
mends testing in all patients with COPD or adult-onset 
asthma but not in bronchiecatsis patients [24].

Adherence to these recommendations seems to be 
incomplete: A recent study found that in a cohort of 
COPD patients only 2% were tested although AATD 
prevalence was 24% in the tested patients [27]. Another 
recent analysis revealed that 9% of COPD/emphysema 
and 7% of bronchiectasis patients in a large Central and 
Eastern European cohort were bearing the Pi*ZZ phe-
notype, confirming that the detection of AATD in these 
populations is necessary [28]. Yet, the question if bro-
chiectasis patients should be tested for AATD remains 
unclear as a recent study from the United Kingdom 
observed that only 0.5% of 1,600 tested bronchiectasis 
patients had severe AATD [29].

Continuation to smoke was a predictor of unfavour-
able overall survival in our cohort, both in uni- and 
multivariable analysis. These findings—which are in 
line with many previous studies [1, 15]—highlight the 
paramount importance of smoking cessation, at the 
latest when the diagnosis of AATD has been made. In 

Table 4  Association of diagnostic delay with other variables

*Missing values: n = 105
† Missing values: n = 3

°Missing values: n = 2
$ Missing valus: n = 5
x Missing values: n = 111

Statistical significance (corrected by Bonferroni method): p value < 0.0045

AAT​ Alpha-1-antitrypsin, AATD alpha-1-antitrypsin deficiency, BMI body mass index, COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s

Variable n diagnostic delay (years) p value 
(Chi-
square)≤ 2 > 2

n % n %

Total 268 62 100% 206 100% –

Sex Male 166 37 59.7% 129 62.6% 0.676

Age at inclusion into registry (years) > 65 44 7 11.3% 37 18.0% 0.214

Phenotype ZZ 220 55 88.7% 165 80.1% 0.121

Serum AAT level (g/L) at time of AATD diagnosis* ≤ 0.6 147 32 94.1% 115 89.1% 0.386

Forced expiratory volume in 1 s (FEV1) at inclusion into 
registry in % of the expected value†

≤ 50 143 31 50.0% 112 55.2% 0.475

Active smoking at inclusion into registry° 10 2 3.2% 8 3.9% 0.801

Being tested because of symptomatic disease$ 243 55 88.7% 188 93.1% 0.453

Cardiovascular comorbidity 24 6 9.7% 18 8.7% 0.820

History of exacerbation at inclusion into registryx 56 10 28.6% 46 37.7% 0.320

Long-term oxygen therapy at inclusion into registry° 50 9 14.8% 41 20.0% 0.357

AAT augmentation therapy at inclusion into registry 111 30 48.4% 81 39.3% 0.204
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particular, smoking is associated with a high risk of 
developing lung disease and an accelerated decline 
of lung function in AATD patients [1, 15, 18]. Hence, 
patients with AATD should be strongly advised to quit 
smoking, regardless of their clinical presentation.

Most patients in our cohort were tested for AATD 
because they were diagnosed with lung disease and 
referred for treatment to a specialised centre. Only a 
minority was screened because of relatives with AATD. 
For this reason, our registry might not be representa-
tive for all persons in Austria bearing an AATD pheno-
type. However, it has to be noted that the primary focus 
on symptomatic AATD patients is a key strength of our 
registry: Many of the patients in our cohort even suffer 
from severely impaired lung function and information 
on such severely affected patients is crucial for improv-
ing their outcome. Thus, we are confident that our find-
ings add important information to the literature and 
extend the current body of knowledge.

The onset of respiratory tract-related symptoms that 
subjectively marks the beginning of symptomatic lung 
disease was recorded as (retrospectively) reported by 
the patient. This might be a limitation of this study but 
the diagnostic delay and the reported symptoms in our 
cohort were in a similar range as results from previous 
studies [16, 19, 22]. Hence, it can be assumed that onset 
of first symptoms and diagnostic delay of our cohort 
are representative. Another limitation might be that 
most variables were not obtained at the time of AATD 
diagnosis or the first onset of symptoms but at inclu-
sion into the registry. Yet, as the time between diagno-
sis and inclusion into the registry was short (median 
8.8  months), it can be assumed that, in most patients, 
the values obtained at inclusion into the registry are 
similar to those at the time of AATD diagnosis.

It is assumed that AATD is an underdiagnosed dis-
ease and population-wide screening programmes 
would probably reveal many asymptomatic or pre-
symptomatic carriers of typical AATD phenotypes with 
an expected ratio of one in 3,500 screened persons [4, 
5, 30, 31]. However, recent evidence suggests that even 
many AATD patients with symptomatic lung disease 
are not correctly identified: Only 6% of the Pi*ZZ car-
riers in a large biobank were diagnosed although they 
had an eightfold increased risk of COPD, a sevenfold 
increased risk of emphysema and 2.4-fold increased 
risk of mortality, compared to wild-type (Pi*MM) [32]. 
One reason might be the low awareness of physicians 
and consequently low adherence to the guidelines [30, 
33]. Except earlier onset in some cases, the clinical 
presentation of COPD patients with or without AATD 
is similar which might be another obstacle for timely 
diagnosis [31, 33].

These obstacles have to be overcome since early AATD 
diagnosis is crucial for improving outcome: As our study 
and many others reported smoking as an essential risk 
factor for unfavourable outcome in AATD patients, an 
immediate diagnosis makes timely smoking cessation 
possible. For this reason, it is even beneficial to identify 
asymptomatic persons with AATD phenotypes. In many 
of them, the development of lung disease might be pre-
vented or at least the progression might be slowed down 
by smoking cessation, as previous studies have suggested 
[18, 32]. A Swedish study found a reduced survival time 
in PiZZ subjects compared to randomly selected controls 
but the never-smoking PiZZ individuals had a similar life 
expectancy to the never-smokers in the general popula-
tion, suggesting that finding AATD patients as early as 
possible and, thus, enabling timely smoking cessation is 
crucial for improving their outcome [34].

Furthermore, patients who are diagnosed immediately 
after developing symptoms could profit from earlier 
initiation of intravenous augmentation therapy which 
decelerates the loss of lung density and is associated with 
improved survival [35–38]. Recruiting of study partici-
pants for clinical trials in AATD is challenging due to a 
low number of identified AATD patients, even sympto-
matic ones [1, 31]. Intensified screening efforts would 
raise the number of potential participants and, thus, help 
researchers to improve feasibility and significance of clin-
ical trials in AATD [31]. In addition, early AATD diagno-
sis is useful for timely screening of family members who 
might profit from pre-symptomatic AATD diagnosis and 
lifestyle modification [17, 31].

In order to achieve early AATD diagnosis and iden-
tification of carriers, the (re-)introduction of neonatal 
screening has been suggested but feasibility is difficult 
and costs are high whereas the ratio of identified car-
riers per screened person would be expected to be low 
[18, 31]. Hence, more targeted approaches are discussed 
since the number of correctly diagnosed AATD carriers 
is low even in patients with symptomatic lung disease 
[27, 31]. Sequencing of the SERPINA1 gene in COPD 
patients was recently proposed as a possible tool for test-
ing large cohorts [39]. Other ideas to improve AATD 
detection rates include family-based testing, detection 
of potential AATD patients by analysis of routinely col-
lected electronic medical record (EMR) data, algorithm-
based reminders within EMR software, and direct testing 
for AATD in pulmonary function testing laboratories [31, 
40]. As a recent study reported a profound lack of knowl-
edge about rare respiratory diseases among paediatri-
cians and medical students, increased training of (future) 
medical professionals by adding specific subjects to the 
medical curriculum might also improve the proportion 
of timely diagnosed AATD [41].
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Conclusions
In conclusion, a delayed diagnosis of alpha-1-antitrypsin 
deficiency was associated with significantly worse over-
all survival and transplant-free survival in our cohort, 
independent from age, smoking status, BMI, pulmonary 
function and long-term oxygen treatment. This suggests 
that efforts to ensure early AATD diagnosis should be 
intensified. Particularly, in accordance with the relevant 
guidelines, all patients with COPD, emphysema, poorly 
responsive or late-onset asthma, and relatives of AATD 
patients should be tested.
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