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Alpha1-antitrypsin (AAT) deficiency is an under-diagnosed 
condition in patients with chronic obstructive pulmonary di-
sease (COPD). The aim of our study was to evaluate predictive 
value of quantitative methods of alpha-1 antitrypsin for Z mu-
tation detection in patients with chronic obstructive pul mo-
nary disease. Ninety-one AAT deficiency genotypes (40  MZ, 
39  MS, 1  SS, 3  SZ and 8  ZZ) were analysed. Calculated sen-
sitivity of quantitative alpha-1 antitrypsin measurement by ne-
phe lometry for heterozygous PI*Z allele was 45% and for homo-
zygous ZZ genotype  –  88%. Specificity of quantitative alpha-1 
antitrypsin analysis for heterozygous deficiency was 98% and for 
homozygous deficiency – 100%. Thus sensitivity of quantitative 
al pha-1 antitrypsin analysis is higher than specificity for both – 
heterozygous and homozygous deficiency.

Key words: chronic obstructive pulmonary disease, alpha-1 an-
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INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) 
is a prevalent and costly disease characterized 
by progressive airflow limitation and related 
to an abnormal inflammatory response of the 
lung to long-term tobacco smoking or gases in-

halation (Global Initiative..., 2006). A mixture 
of bronchiolitis and lung emphysema causes the 
airflow limitation. The best documented gene-
tic risk factor is severe hereditary deficiency of 
alpha-1 antitrypsin (AAT), a genetic disor der 
most commonly seen in individuals of Nor-
thern, Western and Central Europe origin (Blan-
co  et  al., 2006; De  Serres  et  al., 2006). AAT is 
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a 52  kDa alpha-1-glycoprotein produced 
mainly by hepatocytes and secreted into the 
blood, where it acts as a circulating serine 
protease inhibitor. AAT permeates most body 
tissues where it acts as a broad-spectrum an-
ti -infl ammatory and connective tissue re-
pair er molecule, which modulates most 
infl ammatory reactions occurring in the hu-
man body (American Thoracic Society..., 
2003. About 100 genetic variant phenotypes 
(PI) of AAT have been identified to date. Se-
vere AAT deficiency predisposes to the de-
velopment of several diseases, mainly COPD 
(Popławska et al., 2013) in adults and several 
liver diseases (Şımşek et al., 2012) in children 
and adults. Most of the pathology related to 
AAT deficiency is linked to the Z allele, and 
in clinical practice 96% of AAT deficiency pa-
tients have a ZZ genotype. The remaining four 
percent belong mostly to SZ, MZ, and other 
rare deficiency or null genotypes (European 
Respiratory..., 2003; Popławska  et  al., 2013). 
AAT deficiency is an under-diagnosed con-
di tion worldwide. Recent guidelines from 
both the World Health Organization and 
the American Thoracic Society  /  European 
Respiratory Society recommend the estab-
lishment of screening programs for the de-
tection of alpha-1 antitrypsin deficiency in 
patients with COPD, because detection of 
coexisting AAT deficiency in COPD patients 
could lead to family screening, appropriate 
management (including replacement therapy 
in selected cases), and specific counselling for 
these patients and families (Global Initiative..., 
2006).

AAT deficiency can be suspected by quan-
titative serum analysis, however, only detec-
tion of gene mutation confirms the exact 
diagno sis. The aim of our study was to evaluate 
sensitivi ty of quantitative method which is 
usually used for screening of AAT deficiency.

MATERIALS AND METHODS

Sample analysis
Serum alpha-1 antitrypsin concentration from 
patients (n  =  1  167) with chronic obstructive 
pulmonary disease, defined according to the 
GOLD criteria, was analysed by nephelometry, 
alpha-1 antitrypsin genotype was determined 
by means of isoelectric-focusing.

Calculations and statistical analyses
Descriptive statistics was used to tabulate the 
primary cohort database. Quantitative variab-
les were expressed as means with standard de-
viations (SD). Differences of quantitative da ta 
were assessed by Kruskal-Wallis H test. A p 
value of less than 0.05 was considered sig ni-
ficant. Statistical analysis was performed with 
the SPSS 14.0 program. Statistical sensitivity 
and specificity were calculated by binary clas-
sification test:

,

.

Table. Main characteristics of COPD patients with different AAT genotypes

Genotypes N % Age (years) Male / female
MM 1 076 92.2 64 ± 10 775 (72) / 301 (28)
MS 39 3.3 64 ± 8 25 (64) / 14 (36)
MZ 40 3.4 67 ± 11 27 (67) / 13 (33)
SS 1 0.1 61 0 (0) / 1 (100)
SZ 3 0.3 63 ± 3 2 (67) / 1 (33)
ZZ 8 0.7 54 ± 11* 5 (62) / 3 (38)

Total 1 167 100 64 ± 12 834 (71) / 333 (29)

Data are presented as n (%) or mean ± SD; * p < 0.05 ZZ genotype comparing with MM, MZ and MS genotypes
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RESULTS

As it is shown in Table, the cohort consisted of 
1 167 patients with COPD.

Genotypes distribution (number and per-
centage) was as follows: 1  076 (92.2%) MM, 
40  (3.4%) MZ, 39  (3.3%) MS, 1  (0.1%) SS, 
3 (0.3%) SZ and 8 (0.7%) ZZ. The ZZ patients 
were younger (54  ±  11  years, p  <  0.05) com-
pa red to the MM, MS, MZ patients. The ma-
jo rity of the studied COPD patients were men 
(72%). Such high number of men with COPD 
in Lithuania could be explained by smoking 
habits. According to the Finbalt Health Mo ni-
tor Programme, the number of male smokers in 
the general Lithuanian po pulation is 6.9 times 
higher than the number of female smokers 
(Grabauskas  et  al., 2002). All 1  167 samples 

were processed both for the quantification of 
AAT and determination of PI*Z deficiency 
allele. The mean AAT serum con centration was 
1.58  ±  0.43  g/l. As it was ex pected, we found 
significant differences in serum AAT con cen-
trations comparing groups (p < 0.05). The ZZ 
group showed a significantly lower se rum AAT 
concentration (0.40 ± 0.34 g/l) as com pared to 
other genotype groups (Fig. 1).

Concentrations above the cut-off point es-
tab lished as normal were detected in 1  134 
samples (97.2%) and 33 samples (2.8%) pre sen-
ted low concentration (Fig. 2). Among the in-
dividuals with normal concentrations the PI*Z 
allele was not detected in 1 111 (98.0%) and was 
detected in 23 (2%) patients (Fig. 2).

Calculated sensitivity of quantitative AAT 
measurement by nephelometry for hete ro-

Fig. 1. Serum AAT concentration in COPD patients with different AAT 
genotypes. Data are presented as mean ± SD; AAT – alpha-1 antitrypsin
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zygous PI*Z allele was 45% and for ho mo-
zygous ZZ genotype  –  88%. Specificity of 
quantitative alpha-1 antitrypsin analysis for 
heterozygous deficiency (PI*Z allele) was 98% 
and for homozygous deficiency – 100%.

DISCUSSION

The diagnosis of AAT deficiency is relatively 
simple, however population studies have in-
dicated that this disease is under-diagnosed 
and a delay in diagnosis is very common up 
till now (Global Initiative..., 2006; Garcia-
Rio et al., 2010). The present study comparing 

the ZZ group against all remaining 5 geno-
types groups shows: a lower AAT serum con-
centration (0.40  g/L, significant difference of 
p < 0.05), thus in Lithuania alpha-1 antitrypsin 
deficiency ZZ almost always is detected during 
scientific projects but not during common cli-
nical practice. The quantifying of AAT con-
centration is very important for identifying 
in dividuals with congenital AAT deficiency 
in screening purposes. However, our study 
show ed that quantitative method’s sensitivity 
for heterozygous PI*Z mutation is only 45% 
and for homozygous ZZ genotype  –  8%. The 
most striking finding was that even a severe 

Fig. 2. Alpha-1 antitrypsin concentration and genotype. 
Data are presented as n (%). Deficient concentrations 
defined as those equivalent to concentrations < 1 g/L
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homozygous ZZ deficiency was found in one 
subject with normal AAT concentration. We 
speculate that it could be because of bronchial 
da mage due to terminal stage of disease. This 
COPD patient had very low FEV1 value (15% 
predicted) although general inflammatory mar-
kers were not elevated (CRP 3 mg/l). It shows 
that the presence of false negative results did not 
allow all samples with normal concentrations 
to be qualified as non-deficient.

In heterozygous state a quantitative test may 
not allow detection of some individuals possib-
ly due to pathophysiological inflammatory pro-
cesses. Even smoking in COPD patients may be 
associated with higher AAT and CRP produc -
tion in the liver of COPD patients and me cha-
nisms connected with systemic inflammation 
which continues even after cessation of smok  ing. 
Even in healthy individuals, positive associa-
tions between active smoking and AAT levels 
have been reported before (Senn  et  al., 2008). 
The quantity of AAT that diffuses passively 
from the blood to the lung increases during 
an inflammatory process which takes place in 
COPD (Grabauskas  et  al., 2002). This may in-
dicate an increased requirement of AAT to meet 
the needs of overcoming the release of various 
en zymes from neutrophilic cells in the lungs, but 
its protective function may be overrun by the 
high concentration of proteases (Stockley et al., 
2009). Increase of AAT level in smokers and 
ex-smokers reflects the dual role of AAT as a 
res piratory disease biomarker. The net impact 
of AAT on lung function seems to be a result 
of context-dependent (i. e. AAT genotype) and 
contrasting protective and inflammatory effects 
in respiratory tract. On the one hand, elevated 
serum AAT can reflect a beneficial shift in the 
protease-antiprotease balance, the centre piece 
of the pathophysiological pathway mediating 
the effect of severe congenital AAT deficiency 
on COPD. On the other hand, elevated serum 
AAT can also reflect low-grade inflammatory 
processes in the lung (Langereis  et  al., 2011; 
Serapinas et al., 2011) it is hypothesized COPD 
risk factor.

In European countries, AAT deficiency de-
tection programs have been carried out by 

using different methodologies. Case control 
stu dies demonstrated an increase in the pre-
va lence of PI*Z heterozygotes in patients with 
COPD compared with the control group when 
using genotyping methods (Senn  et  al., 2008; 
Serapinas  et  al., 2011; Şımşek  et  al., 2013; 
Stockley  et  al., 2009). Our study detected 
8 (0.7%) cases of homozygous severe AAT de-
fi ciency from 1 167 COPD patients. For exam-
ple, similar case-detection program of 2  137 
COPD patients in Spain revealed 7 cases of ZZ 
deficiency (0.37%) (De la Roza et al., 2005). In 
their study the authors used a dried blood spot 
on filter paper since it is the method used in 
screening of other genetic diseases. They found 
similar sensitivity for detection of heterozy gous 
PI*Z mutation – 60%. And for homozygous ZZ 
genotype (in total 4 cases) sensitivity was 100%. 
In another program undertaken in Italy the 
detection rate for ZZ was 6.4% (Luisetti et al., 
1999). The higher rate of ZZ cases in that study 
could be due to the design of the study because 
only COPD patients with clinical suspicion or 
familial AAT deficiency were selected and to all 
patients genotyping was performed. In another 
recent study performed in Germany in 2  272 
samples, making pre-screening by determining 
the AAT serum levels by the submitting phy-
si cians, the detection rate in the selected cases 
with low AAT serum concentrations sig ni fi-
cant ly increased, and 335 patients with se vere 
AAT deficiency, including 16 individuals with 
rare genotypes, were identified from the studied 
subjects (Bals et al., 2007). Our results are close 
to the data received from the study car ried out 
in Denmark: frequency of AAT de ficiency in 
COPD patients was ZZ 0.8% (Dahl et al., 2002).

The results of the present study support 
the general concept of targeted screening for 
AAT deficiency with adequate laboratory me-
thods in European countries with PI*Z high 
frequency and large population of COPD pa-
tients with highest diagnostic value – AAT ge-
notyping. A case detection programme of al-
pha-1 antitrypsin deficiency in patients with 
chronic obstructive pulmonary disease using 
quantitative methods could be used only in 
screening programs and the exact diagnosis 
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must be confirmed by determining AAT 
ge no type.

In conclusion, when designing a case de-
tection programme both the protocol of sample 
processing and the inclusion criteria for the 
candidates should be taken into account since 
both factors have a decisive impact on the per-
formance of the programme.
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PREDIKCINĖ ALFA-1 ANTITRIPSINO 
KIEKIO VERTĖ NUSTATANT Z MUTACIJĄ 
LĖTINĖS OBSTRUKCINĖS PLAUČIŲ LIGOS 
ATVEJU

Santrauka
Alfa-1 antitripsino deficitas visame pasaulyje yra 
ne pakankamai diagnozuojama būklė sergant lėtine 
obs trukcine plaučių liga. Tyrimo tikslas – nustatyti 
predikcinę kiekybinio alfa-1 antitripsino kiekio ver-
tę išskiriant Z mutaciją sergantiesiems lėtine obs-
trukcine plaučių liga. Tyrimo metu įvertintas 91 
deficito atvejis (40 MZ, 39 MS, 1 SS, 3 SZ ir 8 ZZ). 
Apskaičiuotas kiekybinio alfa-1 antitripsino nu-
sta tymo jautrumas, esant heterozigotinei būsenai 
(PI*Z aleliui), buvo 45  %, o homozigotinei (ZZ 
ge notipui)  –  88  %. Taip pat nustatytas jautrumas 
esant heterozigotinei būsenai (PI*Z aleliui) – 98 %, 
o homozigotinei  –  100  %. Tyrimas atskleidė, kad 
ne  felometrinio alfa-1 antitripsino kiekį nustatančio 
me todo jautrumas yra didesnis nei specifiškumas.

Raktažodžiai: lėtinė obstrukcinė plaučių liga, 
alfa-1 antitripsinas, predikcinė vertė, diagnostikos 
kokybė




