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Purpose: Alpha-1 antitrypsin deficiency (AATD) is a rare hereditary condition characterized by decreased serum alpha-1 antitrypsin 
(AAT) levels. We aim to identify AATD in patients with chronic obstructive pulmonary disease (COPD), bronchiectasis, or asthma and 
to report the frequency of AAT variants in Turkey.
Patients and Methods: This non-interventional, multicenter, prospective study was conducted between October 2021 and 
June 2022. Adult patients with COPD, bronchiectasis, asthma, liver symptoms, or family members with AATD were included. 
Demographic and clinical characteristics, pulmonary diagnosis, respiratory symptoms, and AAT serum levels were assessed. Whole 
blood samples were collected as dried blood spots, and the most common AATD mutations were simultaneously tested by allele- 
specific genotyping.
Results: A total of 1088 patients, mainly diagnosed with COPD (92.7%) and shortness of breath (78.7%), were assessed. Fifty-one 
(5%) were found to have AATD mutations. Fifteen (29.4%) patients had Pi*S or Pi*Z mutations, whereas 36 (70.6%) patients carried 
rare alleles Pi*M malton (n=18, 35.3% of mutations), Pi*I (n=8, 16%), Pi*P lowell (n=7, 14%), Pi*M heerlen (n=2, 4%), and Pi*S 
iiyama (n=1, 2%). The most common heterozygous combinations were Pi*M/Z (n=12, 24%), and Pi*M/M malton (n=11, 22%). Ten 
patients with severe AATD due to two deficiency alleles were identified, two with the Pi*Z/Z genotype, four with the genotype Pi*M 
malton/M malton, three with Pi*Z/M malton, and one with Pi*Z/M heerlen.
Conclusion: Our results identified AATD mutations as a genetic-based contributor to lung disease in patients with COPD or 
bronchiectasis and assessed their frequency in a population of Turkish patients.
Keywords: alpha-1 antitrypsin deficiency, genotype, diagnosis, chronic obstructive pulmonary disease

Introduction
Alpha-1 antitrypsin (AAT) is a glycoprotein serine protease inhibitor (coded by the SERPINA1 gene). AAT is mainly 
synthesized in the liver and released into serum. The main physiological function of AAT is to protect the lung from 
damage by inhibiting neutrophil elastase but also has anti-inflammatory, immunomodulatory, and anti-infective properties 
on a wide range of cell types.1,2 The allele coding for the normal AAT protein is designated as M and the homozygous 
Pi*MM genotype is present in 85–90% of individuals, which leads to the production of serum levels of functional AAT 
between 90 and 200 mg/dL.3
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Alpha-1 antitrypsin deficiency (AATD) is a chronic, autosomal co-dominant hereditary condition characterized by 
decreased serum AAT levels, which may potentially lead to a loss of pulmonary function, emphysema, and development 
of liver disease, panniculitis, and vasculitis.4,5 So far, more than 150 mutations of the SERPINA1 gene have been 
identified, in which 40% of them are responsible for causing AATD.6 The risk for lung disease due to AATD depends on 
the AAT genotype, the AAT serum levels, and environmental exposures to hazardous agents.4,7 The two most common 
deficiency mutations are the S and Z alleles, which result in five deficiency genotypes: MS, SS, MZ, SZ, and ZZ.3 The 
homozygous Pi*ZZ genotype is characterized by a reduction in AAT levels below the protective threshold of 11 µM,8 

and predisposes the carriers to develop lung disease (emphysema and premature onset of chronic obstructive pulmonary 
disease [COPD]) and liver disease (cirrhosis in children and adults, cholestasis, and hepatocarcinoma).9 The remaining 
deficient AAT genotypes are grouped as rare variants, such as Pi*I and Pi*M malton, and null variants, in which no 
serum AAT levels are detected.10

Clinical practice guidelines recommend that all symptomatic patients with COPD, emphysema, or asthma with 
airflow obstruction and relatives of someone with AATD or COPD should undergo specific testing for AATD.4,5,11,12 

However, AATD is still a highly underdiagnosed disorder, with less than 10% of patients diagnosed.3 This is often due to 
the fact that a confirmatory testing needs to be conducted in specialized centers.13,14 Early identification of patients with 
AATD is recommended because delayed diagnosis worsens clinical status, including COPD-related symptoms.15

Overall, it is estimated that 3.4 million individuals worldwide have one of the deficient allele combinations. When 
reviewing the epidemiology of the disease, AATD frequency varies markedly among countries worldwide. Specifically, 
the mean prevalence of Pi*ZZ genotype in Europe is 1 in 35,702, being higher in north-western countries and decreasing 
gradually from west to east, and in America, the Pi*ZZ prevalence is 1 in 26,002 patients.3 Therefore, there are 
approximately 74,000 individuals in the European countries and 44,000 in North America with severe AATD of the 
Pi*ZZ genotype.3 In addition, differences in the risk for developing AATD have been reported depending on the ethnic of 
the individuals.2 Of note is that mutations rarely described in European patients may be predominantly detected in other 
countries.16 In some regions of the Mediterranean area, such as southern Italy and central Tunisia, the frequency of rare 
variant PI*M malton has been described over Pi*Z.16,17

In Turkey, there are limited data on the frequency of AATD and the presence of rare variants.18,19 Considering that 
prevalence data may differ greatly among countries, regions, and ethnicities, targeted screening programs are needed in 
countries such as Turkey to identify carriers of AATD variants. Therefore, the aims of the study were to identify AATD 
as a genetic underlying cause of lung disease in patients with COPD, bronchiectasis, or asthma and to report the 
frequency of AATD alleles in Turkey.

Materials and Methods
This was a non-interventional, multicenter, prospective study conducted at eight sites in Turkey between October 2021 and 
June 2022. The study was based on analysis of clinical data obtained under standard clinical practice conditions and enrolled 
patients with documented COPD or other reasons for AATD testing, such as a relative in whom AATD has been diagnosed.

Patients
Patients were selected on the basis of the following inclusion criteria: male or female adult (≥18) of any ethnic origin 
with documented respiratory symptoms, ie, COPD, bronchiectasis, or asthma, or another reason for wanting to exclude or 
confirm AATD (for example, liver symptoms or AATD in family members), and willingness to participate in the study. 
Patients were excluded if they had been previously tested for AATD. Screening of COPD patients in search of AATD 
was carried out following the ATS-ERS AATD Guidelines.4,5

The protocol was reviewed and approved by the independent ethics committee from the Aydin Adnan Menderes 
University Medical Faculty and submitted to the national regulatory health authorities (approval number E-66175679- 
514.05.04–443436) prior to patient enrollment. All patients signed a written informed consent form before the study was 
initiated, and all study procedures were compliant with the ICH standards for Good Clinical Practice (GCP). The study 
was conducted in full conformance with applicable local and national laws and regulations and the Declaration of 
Helsinki.
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Assessments
At screening, demographic and clinical characteristics of patients were recorded (age, sex, ethnicity, and family members 
with known AATD or COPD), liver disease history (neonatal hepatitis, or a diagnosis with any liver disease), diagnosis 
of pulmonary disease (COPD, emphysema, bronchiectasis, or asthma), pulmonary function tests (forced expiratory 
volume in 1 sec % [FEV1], forced vital capacity [FVC], FEV1/FVC), smoking history, respiratory symptoms (chronic 
cough, sputum production, or shortness of breath), number of COPD exacerbations during the last year, and the number 
hospitalizations due to exacerbations during the last 2 years. Data from patients were collected on a case report 
form (CRF).

AAT levels were measured by nephelometry.20 AAT levels should not be measured when patients have an infection 
since AAT levels would be increased as an acute-phase reaction. Adverse events (AEs) were recorded during the study 
visit including up to at least 30 minutes after the collection of blood samples. This study was conducted with an in vitro 
device with no direct contact with the patient except for the blood draw.

Genotyping Test
Whole blood samples were collected as dried blood spots (DBS) by finger stick capillary blood on filter paper for AATD 
genotyping testing. The diagnostic test also allowed sampling from oral mucosa with a buccal swab. However, that 
procedure was not approved by health authorities when the study was conducted. Genomic DNA was extracted from 
whole-blood sample and the allele-specific genotyping was carried out with the validated A1AT Genotyping Test 
(Progenika, a Grifols company, Derio, Spain). This was a qualitative, PCR, and hybridization-based in vitro diagnostic 
test (FDA cleared, and CE marked). It relies on allele-specific probes attached to color-coded microspheres, which 
hybridize specifically to the labelled PCR products. A subsequent fluorescent labelling step allows detection and 
quantification of the hybridization signal with the Luminex 200TM (Diasorin, Saluggia, Italy) instrument for the 
simultaneous detection and identification of 14 allelic variants and their associated alleles found in the AAT codifying 
gene SERPINA1: PI*F, PI*I, PI*S, PI*Z, PI*M procida, PI*M malton, PI*S iiyama, PI*Q0 granite falls, PI*Q0 west, 
PI*Q0 bellingham, PI*P lowell, PI*Q0 mattawa, PI*Q0 clayton, and PI*M heerlen. The absence of any of the 14 alleles 
included in the analysis was interpreted, with over 99% of probability, as an M/M genotype.

The AAT allelic variant genotypes and associated allele results, when used in conjunction with clinical findings and 
other laboratory tests, are intended as an aid in the diagnosis of individuals with AATD.

Statistical Analysis
A sample size of approximately 1000 patients was planned anticipating 10% AATD gene carriers and between three and 
five cases of severe AATD in that population.3,21 Continuous variables were summarized using the following standard 
descriptive statistics: number of observations, mean, standard deviation, or median and minimum and maximum ranges, 
as applicable. Categorical data are described using absolute and relative frequencies. All patients with genotyping 
analysis results were analyzed. Statistical analysis was descriptive by calculating the different percentages to obtain 
the frequencies of each AATD genotype. No inferential statistical analysis was conducted.

Results
Study Patients’ Characteristics and Disease Activity
A total of 1090 patients were enrolled during the study period. Two of them (0.18%) did not meet eligibility criteria and 
were excluded from the analysis. Baseline patient characteristics were available for a total of 1087 patients. The majority 
were male (85.6%), with a mean age of 61.7 years, and current smokers (32.2%). Patients were diagnosed with COPD 
(92.7%), bronchiectasis (20.7%) or asthma (19.2%). Some patients had overlapping diagnoses with two or more 
conditions. The most frequent respiratory symptoms were shortness of breath in 855 (78.7%), sputum production in 
683 (68.2%) and chronic cough in 628 (57.8%) patients (Table 1).

When patients were stratified by the presence or absence of AATD mutation, no relevant differences between groups 
were observed in respirometry, smoking habits, or workplace exposure to dust, fumes, or gases. Likewise, no differences 
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were observed in the percentage of patients diagnosed with COPD or emphysema. Liver disease was slightly more 
common in the group containing AATD mutation than in the non-AATD group (5.9% vs 2.1%). In the AATD group, 35% 
of the patients had exacerbations in the last year, compared with the 47% in the non-AATD group, although the mean 
number of exacerbations was the same (Table 1).

AAT serum levels were available for 168 (15%) of patients, with a mean (range) of 1.78 (0.2–20.1) g/L. As expected, 
AAT serum levels in AATD patients were lower (1 [0.2–1.94] g/L) than in patients without AATD (1.8 [1.3–20.1] g/L).

No adverse events (AEs) or any other safety signal were reported. This was an in vitro device with no direct contact 
of the device with the patient and no patient contact except for the blood draw.

AATD Genotyping results
The distribution of mutations is shown in Figure 1. Overall, there were 1037 patients (95%) carrying no mutations and 51 
(5%) patients with a AATD mutation of any type. Of the patients with mutations, 15 (29.4%) showed the well-known 
mutations S or Z, whereas 36 patients (70.6%) carried rare alleles (Pi*M malton, Pi*I, Pi*P lowell, Pi*M heerlen, and 

Table 1 Demographic and Clinical Data of Assessable Patients Included in the Study. Data Were 
Available for n=1087 Patients

Variable Total, n=1087 AATD, n=51 Non-AATD, n=1036

Sex, male 931 (85.6) 42 (82.4) 889 (85.8)

Age, median (min-max) 64 (19–94) 58 (20–78) 64 (19–94)

Relatives with AATD diagnosis 20 (1.8) 7 (13) 13 (1.3)
Relatives with COPD diagnosis 322 (29.6) 24 (47.1) 298 (28.8)

Liver disease 25 (2.3) 3 (5.9) 22 (2.1)

Neonatal hepatitis 22 (2) 1 (2) 21 (2)
Smoking habitsa

Current smoker 349 (32.2) 21 (41.2) 328 (31.8)
Ex-smoker 626 (57.8) 27 (52.9) 599 (58)

Never smoker 108 (10) 3 (5.9) 105 (10.2)

Workplace exposure to contaminantsb 579 (53.6) 24 (47.1) 555 (53.9)
Pulmonary diagnosisc

COPD 1008 (92.7) 43 (84.3) 965 (93.1)

Stable COPD 624 (57.4) 27 (52.9) 597 (57.6)
Emphysema 409 (37.6) 19 (37.3) 390 (37.6)

Bronchiectasis 225 (20.7) 5 (9.8) 220 (21.2)

Asthma 209 (19.2) 4 (7.8) 205 (19.8)
Respiratory symptoms

Shortness of breath exertion 855 (78.7) 37 (72.5) 818 (79)

Sputum production 683 (68.2) 37 (72.5) 646 (62.4)
Chronic cough 628 (57.8) 33 (64.7) 595 (57.6)

Patients with exacerbations last year 509 (46.8) 18 (35.3) 491 (47.4)

Patients hospitalized in the last two years 434 (40) 14 (27.5) 420 (40.5)
Lung function testd

FEV1, mL, median (min-max) 1320 (108–4920) 1235 (520–3960) 1320 (108–4920)

FEV1, %, median (min-max) 47 (9.8–117) 41.8 (17–112) 47 (9.8–117)
FEV1/FVC, median (min-max) 60 (21.4–99) 58.6 (34.3–97) 60 (21.4–99)

AAT levels available, n (%) 168 (15.5) 11 (21.6) 157 (15.2)

AAT levels, g/L, mean (min-max) 1.78 (0.2–20.1) 1.0 (0.2–1.94) 1.8 (1.3–20.1)

Notes: Results were expressed as n (%) unless stated otherwise. aData were available for n=1083 patients (total), n=51 (AATD) 
and n=1032 (non-AATD). bn=1081 patients (total), n=51 (AATD) and n=1030 (non-AATD). cCOPD include patients with stable 
COPD and with exacerbations. Stable COPD is referred when symptoms are not recently exacerbated. dFEV1, n=769 (total), 
n=36 (AATD), n=733 (non-AATD); FEV1, %, n=777 (total), n=36 (AATD), n=741 (non-AATD); and FEV1/FVC, n=774 (total), n=36 
(AATD), n=738 (non-AATD) patients. 
Abbreviations: AATD, alpha-1 antitrypsin deficiency; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory 
volume in 1 sec; FVC, forced vital capacity; AAT, alpha-1 antitrypsin.
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Pi*S iiyama). The most frequent combinations reported were Pi*M/Z (n=12, 24%), followed by Pi*M/M malton (n=11, 
22%). The percentage of patients carrying two deficiency alleles, was 19.6% (n=10 patients): two of them with Pi*Z/Z 
genotype, seven had a severe deficiency associated with the M malton allele (Pi*M malton/M malton and Pi*Z/M 
malton), and one had the genotype Pi*Z/M Heerlen (Figure 1).

Eighteen (35.3%) patients presented with the Pi*Z mutation. Most of them were former or current smokers (n=17) 
and had COPD (n=16). Moreover, evidence of advanced COPD (post-bronchodilator FEV1 of 60% or lower) was 
reported in 10 patients, with the following genotypes: Pi*Z/Z (n=2), Pi*Z/M malton (n=2), Pi*Z/M heerlen (n=1), and 
Pi*M/Z (n=5).

Rare Genotypes
In this study, AATD mutation Pi*M malton was observed in 18 patients (35.3% of the total mutations), achieving the 
same frequency as the Z allele. Of those patients with one or two M malton alleles, 11 (61%) had the diagnosis COPD, 
and all of them were former or current smokers. Three patients with genotypes Pi*M malton/M malton (n=2) and Pi*Z/M 
malton (n=1) had a post-bronchodilator FEV1 below 30%, indicating severe COPD and emphysema. Six patients were 
diagnosed with the M malton mutation without having major respiratory symptoms, and one patient was diagnosed with 
the severe genotype Pi*M malton/M malton who suffered from COPD and was a relative of an individual with AATD.

The heterozygous genotypes P*M/I and P*M/P lowell were identified in eight (16%) and seven (14%) patients, 
respectively. All of them were current or former smokers who suffered from COPD. The Pi*M heerlen mutation was 
detected in two (4%) patients. One had the combination with the Z allele (Pi*Z/M heerlen) and had severe AATD. The 
other was heterozygous with one normal allele (Pi*M/M heerlen). Both patients were former smokers and suffered from 
severe COPD (FEV1 of 36% and 22%, respectively) with AAT serum levels of 0.44 g/L and 1.03 g/L, respectively. The 
heterozygous genotypes Pi*M/S and Pi*M/S iiyama corresponded to former smokers with advanced COPD (post- 
bronchodilator FEV1% of 44%) and emphysema.

The geographic distribution of AATD alleles in Turkey is shown in Figure 2. Geographic data were available for 46 
out of 51 patients (90.2%). Most of the AATD mutations (n=24, 52%) were documented in the Eastern Black Sea region 
of Turkey, whereas in the south (Mediterranean region), no AATD mutations were reported. Of note is that many of the 
patients diagnosed with an M malton allele came from the Black Sea region (Rize, n=8) and Eastern Anatolia 
(Erzurum, n=2).

Figure 1 Distribution of AATD mutations in the study cohort. Data are expressed as absolute values with percentages in parenthesis: the first percentage is referred to the 
total number of patients with mutations (n=51 patients); the second percentage is referred to the total number of patients in the study cohort (n=1088 patients).
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AAT Levels in Patients with AATD Mutation
AAT serum levels were available in 11 (21.1%) patients with AATD mutation and varied according to the mutation. The 
highest AAT level (1.94 g/L) corresponded to a patient with the Pi*M/I genotype and a FEV1 of 82%, whereas the lowest 
AAT level (0.21 g/L) was associated with a patient with two deficiency alleles, Pi*Z/M malton and a FEV1 of 60% 
(Table 2).

Discussion
This prospective study conducted under standard clinical practice conditions described the frequency of each AATD 
genotype in a selected sample population of Turkish individuals with pulmonary disease. Specifically, this study was 

Black Sea    n=24 (52%)

M/M malton n=7 Z/M malton n=2

M/Z n=4 Z/Z n=2

M malton/M malton n=4 M/P lowel n=1

M/I n=3 M/M heerlen n=1

Aegean n=2 (4%)

M/I n=1

M /M malton n=1

Central Anatolia   n=4 (9%)

M/M malton n=1

M/P lowell n=1

M/P lowell n=1

M/Z n=1

Eastern Anatolia   n=5 (11%)

M/Z n=2

M/I n=1

M/M malton n=1

Z/M malton n=1

Southeastern Anatolia  n=2 (4%)

M/M malton n=1

M/S iiyama n=1
Mediterranean n=0

Marmara n=9 (20%)

M/P lowel n=4

M/I n=2

M/S n=1

M/Z n=1

Z/ M heerlen n=1

Ankara

Izmir

Rize

Van

Istanbul

Antalya Şanlıurfa

Figure 2 Geographic distribution of AATD mutations among the seven geographical regions of Turkey: Black Sea, Marmara, Aegean, Central Anatolia, Eastern Anatolia, 
Southeastern Anatolia and Mediterranean. Out of n=51 patients with AATD mutations, data about their geographic origin was available for n=46 patients. Map obtained 
from www.d-maps.com.

Table 2 Alpha-1 Antitrypsin (AAT) Serum Levels (g/L) and Clinical Phenotype Based on Each Genotype in Patients with 
AATD. AAT Levels Were Available for n=11 (21.6%) Patients with AATD Mutations

AATD Genotypes AAT Levels Clinical Phenotype

n g/L Pulmonary Diagnosis Lung Function Test, FEV1, %

Pi*Z M/Z 1 0.96 Unstable COPD n/a
Z/Z 1 0.33 Severe stable COPD and emphysema 38

Pi*S M/S 0 n/a n/a n/a

Pi*M malton M/M malton 1 1.33 Unstable COPD n/a
M malton/M malton 1 0.53 Severe stable COPD and emphysema 22

Z/M malton 1 0.21 Unstable COPD 60

Pi*I M/I 2 1.55 Severe unstable COPD and asthma 24
1.94 Unstable COPD 82

Pi*P lowell M/P lowell 2 1.28 Unstable COPD 60

1.38 Unstable COPD 92
Pi*M heerlen Z/M heerlen 1 0.44 Severe stable COPD and emphysema 36

M/M heerlen 1 1.03 Severe unstable COPD 22

Pi*S iiyama M/S iiyama 0 n/a n/a n/a

Abbreviations: AAT, alpha-1 antitrypsin; FEV1, forced expiratory volume in 1 sec; n/a, not available.
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designed to identify patients who were previously diagnosed with COPD, bronchiectasis, or asthma that have a mutation 
in the SERPINA1 gene, a potential underlying genetic cause of lung disease.

Despite knowing that early diagnosis could help manage patients with AATD, this condition remains widely 
underdiagnosed.4,11 The present study evidenced that AATD was detected in 5% of patients with COPD, bronchiectasis, 
and asthma. Interestingly, this percentage was similar to two recent studies, which reported genetic AAT mutations in 
7.1% and 3.5% of Turkish patients with COPD.18,19 Similarly, these results were aligned with previous studies that 
evaluated AATD distribution in patients with other pulmonary diseases,22,23 and reinforced the utility of routine screen-
ing for AATD in these patients. The percentage of male patients in our study (85.6%) was unusually high when compared 
with the COPD and AATD series from other countries, but it was similar to values reported in other Turkish studies 
(80.6%, 90.5%).18,19 It is possible that cultural reasons in Turkey keep women more hesitant to consult a doctor regarding 
pulmonary and other diseases.24

Family members of patients with AATD are expected to have more AATD mutations, and a targeted approach for this 
subgroup usually yields a higher AATD detection rate.25 We identified seven AATD patients with a family history of 
AATD, six of whom had no respiratory symptoms. This result emphasizes the importance of early testing for AATD in 
adults with first-degree relatives with severe AATD, regardless of respiratory symptoms, as an important test targeting 
strategy. Altogether, more extensive screening for AATD could prevent certain clinical consequences by allowing 
patients to receive early therapeutic intervention or at least smoking prevention or cessation counseling.

The prevalence of AATD mutations in European countries has been extensively evaluated, but there is limited 
evidence in Turkey. In Finland, the allele frequencies were 19.7 per 1000 habitants for Pi*Z and 10.2 cases per 1000 
habitants for Pi*S.26 Similarly, Poland reported a frequency of 17.5 per 1000 for the Pi*S allele and 10.5 per 1000 
habitants for the Pi*Z allele.27 The highest frequency of the S allele was observed in the Iberian Peninsula (100–200 
cases per 1000 habitants).28

In the present study, we observed a considerably lower frequency for the Pi*S genotype (0.09%) compared with these 
studies. These differences between geographic areas are to be expected since the distribution of Pi*Z and Pi*S alleles is 
different among countries and even within different regions of the same country.28 Interestingly, the proportions of the 
Pi*Z and Pi*S mutations in our Turkish population (35.3% and 2%, respectively) were consistent with the percentages 
obtained in a feasibility study of the A1AT genotyping test that evaluated the percentage of these mutations in Turkey 
(36.4% and 5%, respectively).29

The use of AATD genotyping testing is also useful to analyze the most prevalent rare variants in each region. In 
Turkey, we identified a total of 36 patients who carried rare alleles (Pi*M malton, Pi*I, Pi*P lowell, Pi*M heerlen, and 
Pi*S iiyama). This high frequency of rare alleles has been previously detected in other countries, evidencing that the so- 
called rare AATD alleles may not be as rare as expected.10 In Italian patients with AATD, the prevalence of rare AAT 
genotypes was 11%.17 Similarly, in Switzerland, rare AAT alleles represented 7%,30 and in Japan, the most common 
deficient variant is the PI*S iiyama, a rare variant present in most patients with AATD.31

Regarding the worldwide geographic distribution of AATD, the highest frequency of Pi*ZZ is located in the Atlantic 
region of Europe. Then, it decreases gradually from west to east, and in the most remote regions of the south of the 
continent, until it almost disappears in Asia.28,32 Here, we observed a similar geographic distribution in the frequency of 
AATD variants since a higher percentage of mutations was observed in the north and decreasing gradually to the south of 
Turkey.

This study revealed the high frequency of rare AAT variants in Turkey, especially the Pi*M malton, being the most 
frequent mutation detected. Thirty-five percent of all AATD mutations were associated with the Pi*M malton rare allele, 
which has the same frequency as the most prevalent mutation (Z allele) in other regions. This finding is in agreement 
with previous research in which the rare variant Pi*M malton prevails over Z and S alleles in particular regions of the 
Mediterranean area, such as southern Italy,17 central Tunisia, and North Africa.16,33 Human migrations, commercial 
purposes, and ethnic relationships between these countries have been proposed to be responsible for spreading rare 
AATD variants in these regions.16,19,33 The Pi*M malton mutations and other rare AATD variants seem to be widespread 
in regions in which the frequency of Pi*ZZ is lower.16,17 In the current study, the geographic distribution of patients 
carrying the rare AATD variant Pi*M malton were mainly located in the Black Sea region in northern Turkey. More 
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importantly, individuals with the Pi*M malton may develop pulmonary emphysema and polymeric intrahepatic inclu-
sions like in AATD patients with Pi*ZZ genotype.10 Indeed, it has been shown that rare AATD mutations could be 
identified in up to 17% of clinical cases.34 In the present study, most of the reported Pi*M malton cases presented with 
pulmonary emphysema. Since rare AATD variants remain unexplored in many regions worldwide, targeted screening 
programs could be recommended even in countries in which a high prevalence of the disease has been reported.

One of the potential benefits of conducting extensive AATD genetic testing is to consider providing early lifestyle 
interventions, such as smoking prevention, and to prevent delayed introduction of augmentation therapy to preserve lung 
parenchyma in patients with emphysema. The S iiyama allele is another extremely rare variant mainly identified among 
Japanese patients that has very rarely been found outside of Japan.31 It was found in the study cohort in a heterozygous 
Pi*M/S iiyama variant patient who was a former smoker with advanced COPD. Altogether, more than 150 mutations of 
the SERPINA-1 gene have been described in the literature,34 and new mutations are currently being identified.35 

Evidence is emerging that rare AATD mutations may play an important role in Turkey. For example, Pi*M malton 
was found to have the same frequency as Pi*Z and lead to comparable clinical symptoms.

AATD is characterized by a diverse clinical expression and prognosis. Augmentation therapy with AAT is indicated 
for patients with severe AATD, in which serum AAT levels are below the protective threshold of 11 µM (or 0.5 g/L),4 

and who have evidence of advanced lung disease. Early identification of those patients with extremely low AAT levels is 
paramount since they are more prone to developing COPD and emphysema.8,36 In our analysis, only three patients were 
documented to have AAT serum levels below the protective threshold: 0.33 g/L (Pi*ZZ genotype), 0.21 g/L (Pi*Z/M 
malton) and 0.44 g/L (Pi*Z/M heerlen). AAT serum levels were not routinely available in the study centers. It would be 
important to better establish AAT serum-level testing in Turkey for the future.

One of the limitations of this study is that the real AATD prevalence was overestimated since this was a highly 
selected population in which patients with family members known to have AATD disease were included. This could have 
increased the probability of identifying a patient with AATD. AATD prevalence in a whole-population-based study is 
usually lower compared to a study conducted in a targeted population.37 Additional limitations are that AAT serum levels 
were only available for a small number of patients because it was not routinely collected and that female patients were 
underrepresented. The inclusion of these patients would have strengthened the generalizability of the study results.

Conclusion
In conclusion, our results confirm AATD as a genetic underlying cause of lung disease and determine the frequencies of 
different AATD alleles in a selected population of Turkish individuals.
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