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ABSTRACT: The current study focuses on developing estimates of the numbers of individuals

carrying the two most common deficiency alleles, PI*S and PI*Z, for a1-antitrypsin deficiency (AT-

D) in Europe.

Criteria for selection of epidemiological studies were: 1) AT phenotyping performed by

isoelectrofocusing or antigen–antibody crossed electrophoresis; 2) rejection of ‘‘screening

studies’’; 3) statistical precision factor score of o5 for Southwest, Western and Northern Europe,

o4 for Central Europe, o3 for Eastern Europe; and 4) samples representative of the general

population.

A total of 75,390 individuals were selected from 21 European countries (one each from Austria,

Belgium, Latvia, Hungary, Serbia-Montenegro, Sweden and Switzerland; two each from Denmark,

Estonia and Lithuania; three each from Portugal and the UK; four each from Finland, the

Netherlands, Norway and Spain; five each from Russia and Germany; six from Poland; eight from

Italy; and nine from France). The total AT-D populations of a particular phenotype in the countries

selected were: 124,594 ZZ; 560,515 SZ; 16,323,226 MZ; 630,401 SS; and 36,716,819 MS. The

largest number of ZZ (5,000–15,000) were in Italy, Spain, Germany, France, the UK, Latvia, Sweden

and Denmark, followed by Belgium, Portugal, Serbia-Montenegro, Russia, The Netherlands,

Norway and Austria (1,000–2,000), with ,1,000 in each of the remaining countries.

A remarkable lack in number of reliable epidemiological studies and marked differences among

these European countries and regions within a given country was also found.

KEYWORDS: a1-Antitrypsin deficiency, a1-protease inhibitor, Europe, genetic epidemiology,

protease inhibitor phenotypes

A
lthough a1-antitrypsin (AT) deficiency
(AT-D) is one of the most common
hereditary disorders in Europe, AT-D

prevalence varies markedly from one country to
another, as well as from one region to another
within a given country [1].

AT is the most prevalent proteases inhibitor in
the human serum, and is secreted mainly by
hepatocytes [2]. The AT gene is highly pleo-
morphic, with ,100 alleles having been identi-
fied to date. Variants are classified according to
the protease inhibitor (PI) system, by means of
isoelectrofocusing (IEF). Variants that confer an
increased risk for developing diseases are those
in which deficiency or null alleles are combined
in homozygous or heterozygous states that
encode AT plasma concentrations ,60%. Most
pathology related to AT-D is linked to the Z allele
and, in clinical practice, 96% of patients have a
ZZ phenotype [3–6]. The remaining 4% mostly

belongs to SZ, MZ and, in a smaller amount, to
other rare deficiency or null phenotypes. The risk
of developing diseases for PI SS and PI MS
phenotypes has been the topic of longstanding
controversy, but no clear evidence on the
relationship among these phenotypes with AT-
D-associated diseases has been established to
date [2, 5, 6].

AT-D is not properly a disease, but a predispos-
ition for the development of a number of diseases
throughout life, mainly pulmonary emphysema
and several types of hepatopathies in both
children and adults [2, 3].

Knowledge of the AT-D prevalence in every
community is essential from a public health
perspective. The current study specifically
attempts to determine estimates of the prevalence
and number of subjects carrying the most
common defective alleles, PI*S and PI*Z, in each
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of the individual European countries. The current study
estimates the total number of ZZ, SZ and MZ individuals in
each European country, and goes beyond earlier publications
by others [7–10], in which only the allele frequencies for PI*M,
PI*S and PI*Z were reported for individual cohorts in
individual cities or geographical regions. Moreover, the
present approach is a step beyond other recently published
reports, where the numbers of subjects at risk were calculated
from data reported by a mixture of reliable and unreliable
epidemiological studies [1, 11].

METHODS
Sources of the control cohort data used in the present study
The authors of the present study worked independently and
with different methodological approaches on AT-D epidemi-
ology, and have published their research in different peer-
reviewed journals [1, 8, 9, 11]. The authors’ individual
databases were combined to generate a common database
used in the present meta-analysis. The present study utilises
available data from epidemiological studies performed by
others to determine the frequencies of deficiency allele
combinations for PI*S and PI*Z, in the healthy control cohorts
of individual case studies from European countries. The data
from these individual cohorts for a given country were
combined to obtain mean frequencies for the PI*M, PI*S and
PI*Z alleles. The allele frequencies were then used to calculate
the total numbers of individuals in each of the five major
defective phenotypic classes of interest (namely, PI MS, PI MZ,
PI SS, PI SZ and PI ZZ) in the total population of each of these
countries and all of Europe.

The formulas for developing estimates of the allele frequencies
gene prevalence, the numbers of deficiency allele combinations
and 95% confidence intervals (95% CI) were discussed in
several earlier papers [9, 11]. Allele frequencies have been
expressed as the total number of PI*S and PI*Z, whether in
homo- or heterozygotes, per 1,000 alleles of all PI types.

The prevalence of each phenotype was calculated by applying
the Hardy-Weinberg equilibrium statistical formula. The data
on the number of individuals in different countries were
obtained from the World Factbook database, updated in July
2004 [12].

To assess the statistical reliability of each survey, the coefficient
of variation for PI*S and PI*Z frequencies in each control
cohort was calculated. This coefficient of variation provides an
estimate of the precision (or better, the imprecision) of results
from each survey. The formulas for developing estimates of
numerical precision factor scores (PFS) to obtain a value scale
from 0 to 12 with which to assess the statistical quality in terms
of precision (or imprecision) of each selected survey were
discussed in earlier papers [9, 11].

Criteria for selection of studies
Reliable selected studies for the present meta-analysis should
fulfil the following criteria: 1) AT phenotyping performed by
IEF or antigen–antibody crossed electrophoresis; 2) rejection of
‘‘screening studies’’; 3) statistical precision factor score of o5
for Southwest, Western and Northern Europe, o4 for Central
Europe, o3 for Eastern Europe; and 4) samples representative
of the general population.

Criterion 1: Laboratory techniques for the phenotypic
identification of PI*S and PI*Z deficiency alleles
In most of the selected surveys, phenotypic characterisation
was carried out by means of the IEF method. This technique
provides a reliable detection of individuals carrying either
normal or S and Z variant alleles, but not null alleles. There is
no evidence that the phenotypic identification of PI*S and PI*Z
deficiency alleles in the IEF technique is complicated by
phenocopies (i.e. mutations in other codons that would give a
polypeptide chain with isoelectric points identical to those of
the PI*S and PI*Z variants) [6]. Thus, present evidence
supports the widespread use of IEF for the rapid, inexpensive,
and critical identification of the S and Z variants.

Starch gel electrophoresis is a less reliable method. The
antigen–antibody crossed electrophoresis technique is an
expensive and time-consuming method, and although it does
give reliable results, since 1976, antigen–antibody crossed
electrophoresis has been gradually replaced by IEF. To the
current authors’ knowledge, no studies from European IEF
diagnosis were later corroborated with follow-up DNA-
sequencing studies to provide confirmation at the molecular
level.

Criterion 2: Screening studies
Surveys in which phenotypes were identified by selecting sera
with AT serum levels below normal values were omitted
because they could give an excessive number of Z alleles. In
addition, they could introduce bias, as moderate deficiency
phenotypes, such as MS, SS and MZ, could express AT serum
concentrations over a given cut-off value.

Criterion 3: Numerical precision factor score for assessing the
statistical quality in terms of precision (or imprecision) of each
selected survey
As the coefficient of variation depends on the sample size and
the PI*S and PI*Z allelic frequencies, the current authors used
different cut-off values of PFS for European countries. In
general, PI*Z frequencies in Europe range between 0 and 30
per 1,000, but PI*S frequencies fluctuate between a wider range
of 5–150 per 1,000. Therefore, cohorts from countries having
excessively high PI*S frequencies will give a deceptively higher
PFS than others with much lower PI*S frequencies, but similar
or higher PI*Z frequencies. Thus, PFS should be adapted for
different regions and countries, adjusting the PFS rise by PI*S
frequencies.

Consequently, the current authors considered that an appro-
priate value for the PFS for the Iberian Peninsula, Western
Europe and Northern Europe (where PI*S frequencies are of
,25–150 per 1,000, and PI*Z frequencies are ,12–30 per 1,000)
should be o5. An appropriate PFS for Central Europe (where
PI*S frequencies decrease to 15–30 per 1,000, and PI*Z
frequencies are ,5–10 per 1,000) should be o4. Finally, for
Eastern and far distant regions of Southern and Northern
Europe (where both PI*S and PI*Z frequencies are very low),
the current authors have accepted a PFS value of o3 for
selection.

Criterion 4: Cohort composition
Only the data of the control group cohort phenotypes in each
paper (i.e. blood donors, workers, healthy unrelated persons,
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newborns, school or college students, general population
selected at random, etc.) were used in the present study.
Most individuals from selected cohorts were Caucasians,
except a cohort of Lapps from Finland. Surveys carried out
on hospital-based populations or in patients with AT-D related
diseases (i.e. lung and liver diseases) were omitted because
they could give an excessive number of Z-deficient alleles. It
should be pointed out that a number of studies carried out in
small isolated communities with small sample sizes, significant
intermarriage and peculiar genetic traits were rejected due to
their low PFS. Since most of these cohorts were not
representative of the general population of a given country,
these facts should not be considered a methodological defect,
but an appropriate approach that should make the estimation
more realistic. Examples of these former rejected studies were:
Chuetas Jews from Majorca; Gypsies from Hungary; Aromunds,
Musequiars, Pindonians, Moskopolians, Gramostians and
Fraseriots from the Balkans, Romania, Greece, etc.

RESULTS
A total of 68 out of 197 cohorts, having a total of 75,390
individuals, was selected from 21 countries in Europe [13–71].
The mean PFS of these selected control cohorts gave a value of
6.9 on a scale of 0–12 points.

Selected studies were distributed as follows: one each from
Austria [13], Belgium [14], Latvia [18], Hungary [34], Serbia-
Montenegro [62], Sweden [67] and Switzerland [68]; two each
from Denmark [15, 16], Estonia [17, 18] and Lithuania [18, 41];
three each from Portugal [53–56] and the UK [69–71]; four each
from Finland [19–22], the Netherlands [42–44], Norway [45–47]
and Spain [62–66]; five each from Russia [57–61] and Germany
[29–33]; six from Poland [48–53]; eight from Italy [35–42]; and
nine from France [23–28].

With an estimated total population of 588,985,731 individuals
for these 21 countries, the AT-D total population consisted of

124,594 (95% CI: 114,604–135,446) PI ZZ; 560,515 (95% CI:
522,960–600,730) PI SZ; 16,323,226 (95% CI: 15,637,279–
17,038,228) PI MZ; 36,716,819 (95% CI: 35,677,978–37,783,871)
PI MS; and 630,401 (95% CI: 596,592–666,087) PI SS pheno-
types.

The data on total population, sample size, mean PFS,
calculated frequencies for PI*S and PI*Z, and calculated
prevalence in each country are shown for each of the selected
countries (table 1). Estimates of the numbers of each of the five
phenotypic classes for the deficiency alleles PI*S and PI*Z for
each of the 21 countries in Europe are shown in table 2.
Estimates of ZZ, SZ and MZ prevalence are given by means of
isogenic lines (lines of equal gene prevalence) in maps shown
in figures 1–3. The calculated numbers of ZZ, SZ and MZ
individuals for every country are given graphically in
figures 4–6 for comparison.

DISCUSSION
Tables 1 and 2 demonstrate that both the PI*S and PI*Z alleles
are found in all 21 European countries; very striking
differences for the distribution of PI*S and PI*Z AT-D alleles
are demonstrated among these European countries, and even
within different regions of the same country. With an
estimated total population of 588,985,731 individuals for the
listed European countries, the number of PI ZZ phenotypes
consists of 124,594 individuals. The largest numbers of PI ZZ
individuals were found in Italy, Spain, Germany, France, the
UK, Latvia, Sweden and Denmark, with 5,000–15,000 individu-
als in each of these eight countries. On the contrary, the lowest
number of individuals of the PI ZZ phenotype was found in
Finland, Hungary, Poland, Estonia, Lithuania and Switzerland
(with ,1,000 for every of these six countries). The seven
remaining European countries yielded a moderate number of
PI ZZ individuals, with ,1,000–2,000 for each of them. These
calculated numbers are a reflection of both the specific PI*Z
frequency and the total population of each country.

FIGURE 1. Distribution of protease inhibitor ZZ prevalence in Europe. The

highest prevalence is in the South of the Scandinavian Peninsula, Latvia and

Denmark, and it progressively decreases towards the South and the East of Europe.

------: isogenes (lines of equal prevalence).

FIGURE 2. Distribution of protease inhibitor SZ prevalence in Europe. The

highest prevalence is in the Iberian peninsula and Southern France and gradually

decreases towards the North, South and East of the continent. ------: isogenes (lines

of equal prevalence).
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The current authors are aware that these data should be
considered an approximation, since their calculations might
have bias related to the samples’ composition and to the
sources of the subjects recruited. Is important to note that, in
several countries, there is a remarkable lack of epidemiological
studies in extensive geographical regions; there are also
marked differences in the contribution of AT-D data in the
different regions of the same country. The unbalanced
contributions of different regions of a given country should
be taken into account for most of the European countries in the
present study.

In addition to the protease inhibitor ZZ individuals, the
present authors have calculated that there are 560,515 protease

inhibitor SZ and 16,323,226 protease inhibitor MZ individuals
in Europe, and an impressive number of almost 37 million
individuals with protease inhibitor MS and protease inhibitor
SS phenotypes. Although both MS and SS phenotypes are
currently not considered to be at increased risk for develop-
ment of diseases, and that the penetrance (the number of
subjects who develop clinical disease) of MZ and SZ
phenotypes is clearly lower if compared with protease
inhibitor ZZ, it is the authors’ intention to provide these
numbers to illustrate: 1) the very large numbers of individuals
with the S and Z deficiency alleles in the European 21 countries
studied; and 2) the need for follow-up epidemiological studies
to extend these original observations.

FIGURE 3. Distribution of protease inhibitor MZ prevalence in Europe. The

highest prevalence is in the South of the Scandinavian Peninsula, Baltic Republics,

Denmark and the UK, and progressively decreases towards the East, South and

North of the continent. ------: isogenes (lines of equal prevalence).
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FIGURE 4. Estimates of the numbers of individuals of phenotype protease

inhibitor ZZ in each of 21 countries in Europe with 95% confidence intervals

indicated on each estimate.
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FIGURE 5. Estimates of the numbers of individuals of phenotype protease

inhibitor SZ in each of 21 countries in Europe with 95% confidence intervals

indicated on each estimate.

�������

+*�����

+)�����

+(�����

+������

+������

*�����

)�����

(�����

������

�

�
��
��
�	


�	
��



��
�
	�
�

�
�

�
�	
��
�

�
�	
��

�
��
��
	

$
��
'�
��	
��
�

�
��
��
��

�
��
	�
�

�
��
�
	�
�

�
��
��
	

�
 
��
��

�
��
��
�	
�

!
��
��
�	

"	
�#
�	

$
��
 
	�

�
 
��%
��
�	
��

&
��
�	
��

"�
�'
�	
��
	

�
��
�	
��


�
��
#�
��
	�
�,
�

FIGURE 6. Estimates of the numbers of individuals of phenotype protease

inhibitor MZ in each of 21 countries in Europe with 95% confidence intervals

indicated on each estimate.
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