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A review of the clinical manifestations of a1-antitrypsin
(AAT) deficiency, including lung disease and liver disease,
and risk factors affecting the rate of decline in lung function
in AAT deficient patients.
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I
t has long been recognised that a1-antitrypsin
(AAT) deficiency is associated with an increase
in clinical symptoms and diseases in several

systems. In this review we discuss the pulmonary
and hepatic conditions that may occur in
patients with this deficiency and other less
prevalent associated diseases, and explore factors
that may influence the progression of the disease
with particular reference to respiratory disease.

LUNG DISEASE
Clinical presentation
Patients may be diagnosed with AAT deficiency
after presentation with symptoms or through
family screening of an index case. The proportion
of patients identified by screening is influenced
by local and national practice, so studies of
groups of patients may show some differences.
In the UK registry of AAT deficiency, 76% of Pi Z
patients have been identified through investiga-
tion of respiratory symptoms or disease and 19%
through family screening. Similar proportions
are reported in the National Heart Lung and
Blood Institute (NHLBI) registry.1 A small
number of subjects are identified from abnormal
radiological, pulmonary, or blood tests or by the
development of liver disease. In the UK registry
only 3% of patients have been identified as a
result of liver disease, although it is possible that
greater numbers of such patients are identified
elsewhere.

There can often be a delay in the diagnosis of
AAT deficiency and one study has shown a
duration of 7 years between the mean age at
onset of symptoms and the mean age of
subsequent diagnosis.2 Patients often present in
the third or fourth decade with symptoms of
breathlessness and other common symptoms
include cough, phlegm, wheeze (with and with-
out infections) and fatigue.1 3

One limitation of studies which use patient
registries and cohorts is the ascertainment bias
of the subjects studied. The groups of patients are
not fully representative of the population of
people with this deficiency, as recruitment
through chest physicians means that sympto-
matic patients are more likely to be enrolled and
studied. Many people with AAT deficiency will
not have symptoms nor will they have significant

lung function impairment, and currently these
individuals are often only detected through
family screening.4 Another type of selection bias
that may affect studies involving patient regis-
tries is that due to survivorship, as patients who
remain in the study population may retain a
certain degree of health in order to continue their
attendance.

A few studies have followed deficient indivi-
duals after detection through neonatal screening
and these are more representative of the popula-
tion with this condition. However, the largest
cohort has only been studied for 25 years so far,5

providing few data on the natural history of the
condition.

Emphysema
The close association between AAT deficiency
and the development of emphysema was first
described in 1963.6 The disease in these patients
is usually of an earlier onset than in patients
with chronic obstructive pulmonary disease
(COPD) and often appears to be out of propor-
tion to their smoking history. The typical pattern
shows lower zone predominance (fig 1),
although the emphysema may affect all zones.
Plain chest radiographs may show evidence of
hyperinflation with reduced lung markings, and
bulla formation may also be associated with
emphysematous lung.7 Lung function tests on
symptomatic patients often show evidence of
increased lung volumes and air trapping as well
as impaired gas transfer. However, this picture is
not universal and even patients with severe
airways obstruction and prominent emphysema
on the CT scan may have normal gas transfer.8

Airways disease and bronchodilator
reversibility
Airflow obstruction, indicated by a reduced
forced expiratory volume in 1 second (FEV1)
and reduced FEV1 to forced vital capacity (FVC)
ratio, may be seen in AAT deficient subjects.
Although the amount of airflow limitation
measured may fall anywhere in the range
between no obstruction and severe obstruction,
it is often out of proportion to the smoking
history of the patient.

Airflow limitation is not always fixed and the
symptoms and signs in AAT deficiency can be
similar to features of asthma. Patients can often
be given this diagnosis in childhood or early
adulthood and 15% of patients in a Swedish
cohort identified by neonatal screening had been
diagnosed as having asthma by the age of 22.5 In
the same cohort 29% of the patient group
reported recurrent wheezing. In the larger
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NHLBI registry 21% of the total group and 12.5% of those
with normal FEV1 had asthma as defined by reversible
airflow obstruction, recurrent wheezing, and a reported
diagnosis of asthma or allergy with or without elevated IgE
levels.3 Studies on airway hyperresponsiveness in these
patients are limited and group together patients of different
phenotypes, but they suggest that airway hyperresponsive-
ness is not more prevalent in these patients than in control
subjects.9

There is a wide variation in bronchodilator response in
these patients. In the NHLBI registry 28% of patients showed
reversibility of >12% and .200 ml in FEV1 during the first
visit, and this was seen in 49% over all visits in the study.3 In
these patients the median increase in FEV1 was 330 ml
(range 202–1492), which explains why many patients who
present at a young age are given an initial diagnosis of
asthma. Indeed, bronchodilator responses are also seen in
patients without a reduced FEV1 below 80% predicted, and it
may be that this is more common in the early stages of the
disease.

Although airflow obstruction and parenchymal destruction
can often be seen together in the same patient, this is not
always the case. Some patients have marked emphysema
with very little airways disease, and the reasons for this
relative preservation of airway function are unclear. By con-
trast, some patients have severe airflow obstruction with little
parenchymal disease and show preserved gas transfer (fig 2).

Chronic bronchitis
Registries of patients with AAT deficiency show that as many
as 43% of patients have chronic sputum expectoration, as
defined by Medical Research Council (MRC) criteria, even in
non-smokers. Patients with chronic bronchitis tend to have
more severe airflow obstruction and more extensive emphy-
sema than those without, despite similarities in age and
smoking history.10 11

Bronchiectasis
The presence of bronchiectasis in patients with AAT
deficiency is well recognised and, in series using CT scanning

for detection, the incidence varies from 41% to 43%.7 12 13

However, in the largest study the incidence of bronchiectasis
was 26%,10 which is similar to that seen in usual COPD,14

suggesting that the incidence is not increased. In support of
this, Cuvelier et al compared a group of patients with
bronchiectasis, mainly diagnosed by CT scan, and a group
of control subjects and found similar AAT phenotypes and
gene frequencies in the two groups.15 A greater frequency of
Pi Z alleles was seen in patients with bronchiectasis who also
had emphysema, but the number of patients with the Pi Z
phenotype was too small to provide firm conclusions.
Although the bronchiectasis seen may be severe and
associated with chronic sputum production, sputum expec-
toration itself is neither a sensitive nor a specific feature for
detecting the presence of bronchiectasis and CT scanning
remains the most reliable tool.10

Exacerbations
Exacerbations occur in around 50% of patients who attend
the UK registry and the mean duration of episodes is
approximately 15 days (unpublished data). Exacerbations
occur more frequently in patients with chronic bronchitis,10 in
index patients identified as a result of their lung disease, and
in those with more severe disease as assessed by the GOLD
(Global initiative for Chronic Obstructive Lung Disease)
criteria.16 The episodes are associated with a greater degree
of inflammation than in patients not deficient in AAT
(fig 3).17

LIVER DISEASE
Only a small subpopulation of Pi Z patients develop liver
injury that affects health and this may be due to genetic or
environmental differences in the hepatocellular response to
AAT Z protein accumulation in the hepatocytes.

Acute liver disease and neonatal disease
AAT deficiency is a common cause of neonatal cholestasis in
countries with a high prevalence of AAT deficiency. One
population based epidemiological study on 200 000 infants
followed 127 Pi Z children from birth to the age of 18.18–20

Fourteen children had prolonged obstructive jaundice, eight
had minimal biochemical abnormalities as neonates, and two
of these 22 children died in early life with cirrhosis. Enzyme
abnormalities were found to be common in early life and, by
the age of 6 months, 60% of the healthy children had raised

Figure 1 Three-dimensional reconstruction of a high resolution CT scan
of a patient with severe AAT deficiency. The emphysema, represented by
the darker areas, shows lower zone predominance, as highlighted by
the arrows.
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Figure 2 Baseline lung function data for each of 398 Pi Z patients on
the UK registry are shown for forced expiratory volume in 1 second
(FEV1) and carbon monoxide transfer factor (TLCO) as % predicted.
Although a significant correlation is seen overall between FEV1 %
predicted and TLCO (r = 0.67, p,0.001), some patients have discordant
physiology (FEV1,80% predicted and TLCO .80% predicted and vice
versa) as shown by the filled data points.
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serum transaminases. By the age of 18, 12% of the Pi Z
patients were found to have abnormal liver function tests but
none of these patients had clinical evidence of liver disease.

There may be other genetic factors that predispose to the
development of childhood liver disease as certain families
appear to have a greater risk. In one study significant liver
disease was seen in 21% of ‘‘at risk’’ siblings.21 Perlmutter et al
have shown that an increase in the synthesis of stress
proteins occurs in a subset of Pi Z individuals with liver
disease,22 but it remains unclear whether this is a cause or
effect. Breast feeding may provide some protection against
the development of severe liver disease and early death in
childhood,23 although other studies have shown no difference
in outcome compared with bottle fed infants.21

Chronic liver disease and fibrosis
AAT deficiency accounts for a high proportion of liver
transplants in children with chronic liver disease when
biliary atresia is excluded.24 Two case-control necroscopic
studies looked at the risk of liver disease in adult
homozygotes and found an odds ratio for cirrhosis of 8.3
(95% CI 3.8 to 18.3),25 26 although some of these patients were
asymptomatic. The presentation of patients with chronic liver
disease due to AAT deficiency is indistinguishable from that
due to other causes and, although this can occur at any time
of life, it is increasingly seen with advancing age. An
association with chronic liver disease is seen in patients
who have never smoked, but this may be due to longer
survival in these patients who have not developed severe lung
disease. Apart from a higher incidence in men than in
women, no host or environmental factors (including viral
hepatitis or high alcohol use) have been associated with the
development of liver disease in adult homozygous patients
studied.

Hepatocellular carcinoma
Necroscopic studies have shown an odds ratio of developing
primary liver cancer of 5.0 (95% CI 1.6 to 15.8) in patients
with AAT deficiency. Primary liver cancer occurs more
commonly in association with cirrhosis, although it has been
seen in patients without cirrhosis.27

OTHER CLINICAL MANIFESTATIONS
Panniculit is
Many cases of AAT deficiency associated panniculitis have
been reported.28–31 Commonly, the condition leads to painful
red nodules on the thighs of an adult with AAT deficiency
and these lesions may then ulcerate and drain clear sterile
fluid. Fat necrosis may be seen in association with the lesions
and relapsing episodes may occur. Treatment options for the
panniculitis include corticosteroids, dapsone and tetracy-

clines, although AAT replacement seems particularly effica-
cious.32–34

Vasculitis
A higher incidence of AAT deficient phenotypes has been
seen in groups of patients with systemic vasculitis, particu-
larly in those with anti-proteinase 3 antibodies and
Wegener’s granulomatosis.35–39 However, the incidence of
anti-proteinase 3 antibodies in AAT deficient patients is low,
and many do not develop features of systemic vasculitis.37 40 It
therefore appears that AAT deficiency is only a minor risk
factor for the development of vasculitis.

Pancreatitis
An association between AAT deficiency and pancreatitis has
been the subject of some case reports and case-control
studies,41–43 but other studies have found no difference in AAT
phenotype in patients with pancreatitis compared with
controls.44 Witt et al recently found no difference in allele
frequency between a group of patients with chronic
pancreatitis and control subjects.45

Cardiovascular disease
There is a theoretical association between aortic aneurysmal
disease and AAT deficiency due to uninhibited elastase
activity on the elastic tissue of arterial walls, but this has not
been supported in published data46 nor has an association
been shown with intracranial aneurysms. In fact, both the
Pi Z and Pi MZ phenotypes have been associated with lower
blood pressure in men and Pi MZ may be associated with a
reduced risk of ischaemic cerebrovascular and ischaemic
heart disease.47 The risk of cardiovascular disease in patients
with severe AAT deficiency has not been sufficiently
investigated to formulate firm conclusions.

Renal disease
Numerous case reports have described individuals with AAT
deficiency and glomerulonephritis, particularly in children
and young adults.48–51 Membranoproliferative glomerulo-
nephritis has been described most frequently although other
forms of glomerulonephritis have also been seen.52 However,
most cases report individuals who also have liver complica-
tions, and it may be that the renal disease is a consequence of
the liver disease. One study on groups of Pi MZ and Pi Z
patients without liver disease did not identify a difference in
nephropathy between the two groups, although the number
of patients studied was small.53 Patients with deficiency and
anti-neutrophil cytoplasmic antibody (ANCA) positive vas-
culitis may also develop renal disease.

RISK FACTORS AFFECTING RATE OF CHANGE IN
LUNG FUNCTION
The degree of lung function impairment can vary greatly
among patients with the same phenotype for AAT defi-
ciency,54 and can be significantly different in siblings with the
same phenotype. Some environmental factors have been
shown to affect the development and progression of disease
in these patients, but it is likely that other host factors are
also important.

Smoking
The most important risk factor for the development of
emphysema and airflow obstruction in AAT deficiency is
active smoking. Piitulainen et al found an accelerated decline
in FEV1 over 12 months in current smokers (70 ml/year, CI
58 to 82) compared with ex-smokers (41 ml/year, CI 36 to 48)
and never smokers (47 ml/year, CI 41 to 53).55 Other studies
have reported even higher rates of decline in lung function in
smokers.56 57 Furthermore, there appears to be a dose-
response relationship between cigarette consumption and

S
p
u
tu
m

co
n
ce
n
tr
a
ti
o
n
(n
M
) COPD

AATD
45

40

35

30

25

20

15

10

5

0
IL-8 LTB4

Figure 3 Mean (SE) sputum concentrations of chemoattractants at the
start of an acute exacerbation in non-deficient COPD control patients
and patients with a1-antitrypsin deficiency (AATD). Significantly higher
levels of IL-8 and leukotriene B4 were seen in patients with AAT
deficiency (p = 0.01 and p = 0.02, respectively). Data derived from Hill
et al.17
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change in FEV1 over time. Active smoking can affect lung
function as early as the age of 18, with a significantly lower
FEV1 and FEV1/VC in smokers than in non-smokers.58

However, active smoking does not explain all of the
variability and patients who have never smoked still show
variation in their clinical course.59

Passive smoking with an exposure of more than 10 years
has been associated with chronic bronchitis in non-smoking
individuals,60 but there has been no evidence to support an
association between passive smoking in adulthood and lung
function decline. However, parental smoking has been
associated with some changes in lung function in adolescents
with this condition,58 and it may be that passive smoking in
childhood reduces the potential maximum lung capacity in
early adulthood.

Exacerbations
Lower respiratory tract infections may also affect the clinical
course of the disease4 and prior infections are associated with
symptoms of cough and wheeze.61 The effect of exacerbations
may be more apparent in patients with mild to moderate
disease and an increasing number of exacerbations has been
shown to correlate with the decline in gas transfer.62 It is
therefore likely that interventions that reduce the frequency
of exacerbations may also reduce this decline. Indeed,
augmentation therapy, which may moderate lung function
decline in some patients,63 may also be associated with a
reduction in the frequency and severity of exacerbations,64

although prospective clinical trials are required to support
this assumption. However, it has been shown that infusions
of AAT reduce airway leukotriene B4 concentrations65 and
this neutrophil chemotactic factor is thought to be central to
the exacerbation episodes.

Environmental factors
Domiciliary use of kerosene heaters and working in
agriculture for at least 10 years were shown to be associated
with increased symptoms and decreased lung function in
non-smoking Pi Z patients in the Swedish registry.60 Self-
reported occupational exposure to gas, fumes, or dust was
found to be an independent risk factor for lung function
impairment in older patients who had never smoked.66

Mineral dust exposure, as detected by self-reported ques-
tionnaires, was also shown to be independently associated
with chronic cough and with airflow limitation after
adjusting for age and smoking in a group of American
patients with more severe disease.61 However, it is still not
clear if this is due to high total inhalational exposure to many
agents in these patients or to a specific effect of mineral dust.
Taken together, these studies suggest that environmental
exposures may be associated with the development of
respiratory symptoms in these patients and may also be a
contributory factor to lung function decline. Further studies
are needed to isolate the effects of individual agents and to
identify groups of individuals who may be more susceptible
to these effects.

Bronchodilator reversibil ity
Bronchodilator reversibility has been shown to be associated
with a more rapid decline in FEV1 and is an independent
predictor of decline after accounting for age, sex, and
smoking status.3 62 63 Other features of asthma, such as
attacks of wheeze and raised IgE, have not been associated
with a greater decline in lung function.

Age
Age, male sex, and previous symptoms of wheezing were
found to be independent predictors for lung function
impairment in 225 Pi Z patients who had never smoked,66

but the relationship between age and the rate of decline in

lung function is less well understood due to other confound-
ing factors. Eden et al found that patients aged between 30
and 44 years had the most rapid decline in lung function, and
age remained an independent predictor of lung function
decline after adjustment for other confounders.3

Base lung function
In a study on Pi Z patients from the UK registry there was a
correlation between the initial FEV1 and its subsequent
decline, with the more severely affected patients showing the
least change.62 Although this accelerated decline in less
severely affected patients may illustrate a change in the
disease course over time, it may be that survivorship bias
‘‘selects’’ some severe patients whose lung function is
declining more slowly.

Genetic factors
Other unidentified genetic factors may lead to a predisposi-
tion to an accelerated decline in lung function or to increased
susceptibility to the effects of smoking.67 68 These are
discussed elsewhere in this review series.

CONCLUSIONS
AAT deficiency is a risk factor for the development of
respiratory symptoms, early onset emphysema, and airflow
obstruction in adult life. Environmental factors such as
cigarette smoking, exacerbations, and dust exposure are
additional risk factors and have been linked to an accelerated
decline in this condition. Host factors such as age, broncho-
dilator reversibility, and other genetic factors also influence
the development of the disease. Patients with lung disease
have symptoms in common with usual COPD, with a high
prevalence of chronic bronchitis. AAT deficiency may also
lead to the development of acute or chronic liver disease in
childhood or adulthood and has been linked to other
diseases. Greater understanding of the processes that lead
to the expression of clinical disease in this condition will help
us to design new and earlier interventions to improve
symptoms and to alter its course.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

M Needham, R A Stockley, Department of Respiratory Medicine, Queen
Elizabeth Hospital, Birmingham, UK

R A Stockley is a member of AIR (The Alpha1 International Registry).

REFERENCES
1 McElvaney NG, Stoller JK, Buist AS, et al. Baseline characteristics of enrollees

in the National Heart, Lung and Blood Institute Registry of alpha 1-antitrypsin
deficiency. Alpha 1-Antitrypsin Deficiency Registry Study Group. Chest
1997;111:394–403.

2 Stoller JK, Smith P, Yang P, et al. Physical and social impact of alpha 1-
antitrypsin deficiency: results of a survey. Cleve Clin J Med 1994;61:461–7.

3 Eden E, Hammel J, Rouhani FN, et al. Asthma features in severe alpha1-
antitrypsin deficiency: experience of the National Heart, Lung, and Blood
Institute Registry. Chest 2003;123:765–71.

4 Silverman EK, Pierce JA, Province MA, et al. Variability of pulmonary function
in alpha-1-antitrypsin deficiency: clinical correlates. Ann Intern Med
1989;111:982–91.

5 Piitulainen E, Sveger T. Respiratory symptoms and lung function in young
adults with severe alpha(1)-antitrypsin deficiency (Pi ZZ). Thorax
2002;57:705–8.

6 Eriksson S. Pulmonary emphysema and alpha-1-antitrypsin deficiency. Acta
Med Scand 1963;175:197–205.

7 Guest PJ, Hansell DM. High resolution computed tomography (HRCT) in
emphysema associated with alpha-1-antitrypsin deficiency. Clin Radiol
1992;45:260–6.

8 Wilson JS, Galvin JR. Normal diffusing capacity in patients with Pi ??Z
alpha(1)-antitrypsin deficiency, severe airflow obstruction, and significant
radiographic emphysema. Chest 2000;118:867–71.

9 Malerba M, Radaeli A, Ceriani L, et al. Airway hyperresponsiveness in a large
group of subjects with alpha1-antitrypsin deficiency: a cross-sectional
controlled study. J Intern Med 2003;253:351–8.

10 Dowson LJ, Guest PJ, Stockley RA. The relationship of chronic sputum
expectoration to physiologic, radiologic, and health status characteristics in
alpha(1)-antitrypsin deficiency (Pi Z). Chest 2002;122:1247–55.

444 Needham, Stockley

www.thoraxjnl.com

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2003.006510 on 28 A

pril 2004. D
ow

nloaded from
 

http://thorax.bmj.com/


11 Anon. Definition and classification of chronic bronchitis for clinical and
epidemiological purposes. A report to the Medical Research Council by their
Committee on the Aetiology of Chronic Bronchitis. Lancet 1965;1:775–9.

12 King MA, Stone JA, Diaz PT, et al. Alpha 1-antitrypsin deficiency: evaluation
of bronchiectasis with CT. Radiology 1996;199:137–41.

13 Shin MS, Ho KJ. Bronchiectasis in patients with alpha 1-antitrypsin deficiency.
A rare occurrence? Chest 1993;104:1384–6.

14 O’Brien C, Guest PJ, Hill SL, et al. Physiological and radiological
characterisation of patients diagnosed with chronic obstructive pulmonary
disease in primary care. Thorax 2000;55:635–42.

15 Cuvelier A, Muir JF, Hellot MF, et al. Distribution of alpha(1)-antitrypsin alleles
in patients with bronchiectasis. Chest 2000;117:415–9.

16 Pauwels RA, Buist AS, Calverley PM, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive pulmonary disease.
NHLBI/WHO Global Initiative for Chronic Obstructive Lung Disease (GOLD)
workshop summary. Am J Respir Crit Care Med 2001;163:1256–76.

17 Hill AT, Campbell EJ, Bayley DL, et al. Evidence for excessive bronchial
inflammation during an acute exacerbation of chronic obstructive pulmonary
disease in patients with alpha(1)-antitrypsin deficiency (Pi Z). Am J Respir Crit
Care Med 1999;160:1968–75.

18 Sveger T. Liver disease in alpha1-antitrypsin deficiency detected by screening
of 200,000 infants. N Engl J Med 1976;294:1316–21.

19 Sveger T. The natural history of liver disease in alpha 1-antitrypsin deficient
children. Acta Paediatr Scand 1988;77:847–51.

20 Sveger T, Eriksson S. The liver in adolescents with alpha 1-antitrypsin
deficiency. Hepatology 1995;22:514–7.

21 Ibarguen E, Gross CR, Savik SK, et al. Liver disease in alpha-1-antitrypsin
deficiency: prognostic indicators. J Pediatr 1990;117:864–70.

22 Perlmutter DH, Schlesinger MJ, Pierce JA, et al. Synthesis of stress proteins is
increased in individuals with homozygous Pi ZZ alpha 1-antitrypsin deficiency
and liver disease. J Clin Invest 1989;84:1555–61.

23 Udall JN Jr, Dixon M, Newman AP, et al. Liver disease in alpha 1-antitrypsin
deficiency. A retrospective analysis of the influence of early breast- vs bottle-
feeding. JAMA 1985;253:2679–82.

24 Balistreri WF. Transplantation for childhood liver disease: an overview. Liver
Transplant Surg 1998;4:S18–S23.

25 Elzouki AN, Eriksson S. Risk of hepatobiliary disease in adults with severe
alpha 1-antitrypsin deficiency (Pi ZZ): is chronic viral hepatitis B or C an
additional risk factor for cirrhosis and hepatocellular carcinoma?
Eur J Gastroenterol Hepatol 1996;8:989–94.

26 Eriksson S, Carlson J, Velez R. Risk of cirrhosis and primary liver cancer in
alpha 1-antitrypsin deficiency. N Engl J Med 1986;314:736–9.

27 Zhou H, Fischer HP. Liver carcinoma in PiZ alpha-1-antitrypsin deficiency.
Am J Surg Pathol 1998;22:742–8.

28 Edmonds BK, Hodge JA, Rietschel RL. Alpha 1-antitrypsin deficiency-
associated panniculitis: case report and review of the literature. Pediatr
Dermatol 1991;8:296–9.

29 Rubinstein HM, Jaffer AM, Kudrna JC, et al. Alpha1-antitrypsin deficiency
with severe panniculitis. Report of two cases. Ann Intern Med 1977;86:742–4.

30 Smith KC, Su WP, Pittelkow MR, et al. Clinical and pathologic correlations in
96 patients with panniculitis, including 15 patients with deficient levels of
alpha 1-antitrypsin. J Am Acad Dermatol 1989;21:1192–6.

31 Su WP, Smith KC, Pittelkow MR, et al. Alpha 1-antitrypsin deficiency
panniculitis: a histopathologic and immunopathologic study of four cases.
Am J Dermatopathol 1987;9:483–90.

32 Chowdhury MM, Williams EJ, Morris JS, et al. Severe panniculitis caused by
homozygous ZZ alpha1-antitrypsin deficiency treated successfully with human
purified enzyme (Prolastin). Br J Dermatol 2002;147:1258–61.

33 Humbert P, Faivre B, Gibey R, et al. Use of anti-collagenase properties of
doxycycline in treatment of alpha 1-antitrypsin deficiency panniculitis. Acta
Derm Venereol 1991;71:189–94.

34 Smith KC, Pittelkow MR, Su WP. Panniculitis associated with severe alpha 1-
antitrypsin deficiency. Treatment and review of the literature. Arch Dermatol
1987;123:1655–61.

35 Callea F, Gregorini G, Sinico A, et al. Alpha 1-antitrypsin (AAT) deficiency
and ANCA-positive systemic vasculitis: genetic and clinical implications.
Eur J Clin Invest 1997;27:696–702.

36 Esnault VL, Testa A, Audrain M, et al. Alpha 1-antitrypsin genetic
polymorphism in ANCA-positive systemic vasculitis. Kidney Int
1993;43:1329–32.

37 Lhotta K, Vogel W, Meisl T, et al. Alpha 1-antitrypsin phenotypes in patients
with anti-neutrophil cytoplasmic antibody-positive vasculitis. Clin Sci (Lond)
1994;87:693–5.

38 Savige JA, Chang L, Cook L, et al. Alpha 1-antitrypsin deficiency and anti-
proteinase 3 antibodies in anti-neutrophil cytoplasmic antibody (ANCA)-
associated systemic vasculitis. Clin Exp Immunol 1995;100:194–7.

39 Elzouki AN, Segelmark M, Wieslander J, et al. Strong link between the alpha
1-antitrypsin PiZ allele and Wegener’s granulomatosis. J Intern Med
1994;236:543–8.

40 Audrain MA, Sesboue R, Baranger TA, et al. Analysis of anti-neutrophil
cytoplasmic antibodies (ANCA): frequency and specificity in a sample of 191

homozygous (PiZZ) alpha1-antitrypsin-deficient subjects. Nephrol Dial
Transplant 2001;16:39–44.

41 Edmunds SE, Wilkinson ML. Alpha 1-antitrypsin deficiency and pancreatitis in
a juvenile. Aust NZ J Med 1991;21:345–7.

42 Novis BH, Young GO, Bank S, et al. Chronic pancreatitis and alpha-1-
antitrypsin. Lancet 1975;2:748–9.

43 Rabassa AA, Schwartz MR, Ertan A. Alpha 1-antitrypsin deficiency and
chronic pancreatitis. Dig Dis Sci 1995;40:1997–2001.

44 Braxel C, Versieck J, Lemey G, et al. Alpha 1-antitrypsin in pancreatitis.
Digestion 1982;23:93–6.

45 Witt H, Kage A, Luck W, et al. Alpha1-antitrypsin genotypes in patients with
chronic pancreatitis. Scand J Gastroenterol 2002;37:356–9.

46 St Jean P, Hart B, Webster M, et al. Alpha-1-antitrypsin deficiency in
aneurysmal disease. Hum Hered 1996;46:92–7.

47 Dahl M, Tybjaerg-Hansen A, Sillesen H, et al. Blood pressure, risk of ischemic
cerebrovascular and ischemic heart disease, and longevity in alpha(1)-
antitrypsin deficiency: the Copenhagen City Heart Study. Circulation
2003;107:747–52.

48 Elzouki AN, Lindgren S, Nilsson S, et al. Severe alpha1-antitrypsin deficiency
(PiZ homozygosity) with membranoproliferative glomerulonephritis and
nephrotic syndrome, reversible after orthotopic liver transplantation. J Hepatol
1997;26:1403–7.

49 Loreno M, Boccagni P, Rigotti P, et al. Combined liver-kidney transplantation
in a 15-year-old boy with alpha1-antitrypsin deficiency. J Hepatol
2002;36:565–8.

50 Morz SP, Cutz E, Balfe JW, et al. Membranoproliferative glomerulonephritis in
childhood cirrhosis associated with alpha1-antitrypsin deficiency. Pediatrics
1976;57:232–8.

51 Strife CF, Hug G, Chuck G, et al. Membranoproliferative glomerulonephritis
and alpha 1-antitrypsin deficiency in children. Pediatrics 1983;71:88–92.

52 Davis ID, Burke B, Freese D, et al. The pathologic spectrum of the nephropathy
associated with alpha 1-antitrypsin deficiency. Hum Pathol 1992;23:57–62.

53 Montanelli A, Mainardi E, Pini L, et al. Alpha-1-antitrypsin deficiency and
nephropathy. Nephron 2002;90:114–5.

54 Tobin MJ, Cook PJ, Hutchison DC. Alpha 1 antitrypsin deficiency: the clinical
and physiological features of pulmonary emphysema in subjects homozygous
for Pi type Z. A survey by the British Thoracic Association. Br J Dis Chest
1983;77:14–27.

55 Piitulainen E, Eriksson S. Decline in FEV1 related to smoking status in
individuals with severe alpha1-antitrypsin deficiency (Pi ZZ). Eur Respir J
1999;13:247–51.

56 Janus ED, Phillips NT, Carrell RW. Smoking, lung function, and alpha 1-
antitrypsin deficiency. Lancet 1985;1:152–4.

57 Seersholm N, Kok-Jensen A, Dirksen A. Decline in FEV1 among patients with
severe hereditary alpha 1-antitrypsin deficiency type Pi Z. Am J Respir Crit
Care Med 1995;152:1922–5.

58 Piitulainen E, Sveger T. Effect of environmental and clinical factors on lung
function and respiratory symptoms in adolescents with alpha1-antitrypsin
deficiency. Acta Paediatr 1998;87:1120–4.

59 Black LF, Kueppers F. Alpha-1-antitrypsin deficiency in nonsmokers. Am Rev
Respir Dis 1978;117:421–8.

60 Piitulainen E, Tornling G, Eriksson S. Environmental correlates of impaired
lung function in non-smokers with severe alpha 1-antitrypsin deficiency
(Pi ZZ). Thorax 1998;53:939–43.

61 Mayer AS, Stoller JK, Bucher BB, et al. Occupational exposure risks in
individuals with PI*Z alpha(1)-antitrypsin deficiency. Am J Respir Crit Care
Med 2000;162:553–8.

62 Dowson LJ, Guest PJ, Stockley RA. Longitudinal changes in physiological,
radiological, and health status measurements in alpha(1)-antitrypsin
deficiency and factors associated with decline. Am J Respir Crit Care Med
2001;164:1805–9.

63 The Alpha-1-Antitrypsin Deficiency Registry Study Group. Survival and FEV1

decline in individuals with severe deficiency of alpha1-antitrypsin. Am J Respir
Crit Care Med 1998;158:49–59.

64 Lieberman J. Augmentation therapy reduces frequency of lung infections in
antitrypsin deficiency: a new hypothesis with supporting data. Chest
2000;118:1480–5.

65 Stockley RA, Bayley DL, Unsal I, et al. The effect of augmentation therapy on
bronchial inflammation in alpha1-antitrypsin deficiency. Am J Respir Crit Care
Med 2002;165:1494–8.

66 Piitulainen E, Tornling G, Eriksson S. Effect of age and occupational exposure
to airway irritants on lung function in non-smoking individuals with alpha 1-
antitrypsin deficiency (PiZZ). Thorax 1997;52:244–8.

67 Silverman EK, Province MA, Campbell EJ, et al. Variability of pulmonary
function in alpha-1-antitrypsin deficiency: residual family resemblance
beyond the effect of the Pi locus. Hum Hered 1990;40:340–55.

68 Silverman EK, Province MA, Rao DC, et al. A family study of the variability of
pulmonary function in alpha 1-antitrypsin deficiency. Quantitative
phenotypes. Am Rev Respir Dis 1990;142:1015–21.

Clinical manifestations and natural history of a1-antitrypsin deficiency 445

www.thoraxjnl.com

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2003.006510 on 28 A

pril 2004. D
ow

nloaded from
 

http://thorax.bmj.com/

