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Background: Severe hereditary alpha-1-antitrypsin deficiency (AATD) is a known risk 
factor for the early development of pulmonary emphysema and COPD, especially in smo-
kers. By the Swedish national screening programme carried out from 1972 to 1974, a cohort 
of individuals with severe (PiZZ) AATD was identified and has been followed up regularly. 
The aim of this study was to investigate health status, quality of life and lung function in this 
cohort at the age of 42 years compared with an age-matched control group randomly selected 
from the population registry.
Methods: All study participants answered a questionnaire on smoking habits, symptoms, 
occupation, exposure to airway irritants and quality of life using Saint George’s Respiratory 
Questionnaire (SGRQ). They underwent complete pulmonary function tests (PFT) and 
forced oscillation technique (FOT) for the measurement of airway resistance and reactance. 
Blood samples were taken for allergies and IgG-subclasses as an indicator of increased risk 
of airway infections.
Results: The residual volume (RV), total lung capacity (TLC) and RV/TLC ratio were 
significantly higher in the PiZZ ever-smokers compared to the PiMM ever-smokers and PiZZ 
never-smokers (p < 0.05). The resistance in the upper, small and total airways was sig-
nificantly lower in PiZZ subjects compared to PiMM subjects (p < 0.05). A greater propor-
tion of PiZZ never-smokers had an FEV1/VC ratio <0.7 than PiMM never-smokers (p = 
0.043). PiZZ subjects with occupational exposure to airway irritants showed a significantly 
lower FEV1, VC and higher RV/TLC ratio than PiMM individuals with exposure (p < 0.05).
Conclusion: At the age of 42, ever-smoking PiZZ individuals have signs of COPD, and also 
PiZZ never-smokers have early, physiological signs of emphysema.
Keywords: alpha-1-antitrypsin deficiency, COPD, lung function, quality of life

Introduction
Severe alpha-1-antitrypsin (AAT) deficiency (PiZZ) is a relatively rare genetic dis-
order characterised by reduced serum levels of AAT. This genetic defect results in the 
polymerisation of the AAT molecules in the hepatocytes leading to the accumulation 
of the Z protein within the hepatocytes and a decreased release into the circulation. In 
individuals with normal AAT alleles (PiMM), circulating AAT is distributed to the 
lungs to serve a protective function against elastases, particularly neutrophil elastase 
(NE), that destroys the protein elastin in the lung parenchyma.1 Individuals with 
severe AATD (PiZZ) have an increased risk of early development of pulmonary 
emphysema because of an imbalance between NE and AAT in the lung parenchyma.2
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AAT deficiency is caused by a single gene mutation, 
but there is a great variation in the development of emphy-
sema in individuals with AAT deficiency. Smoking is the 
most important risk factor for the development of emphy-
sema. However, never-smokers also have an increased risk 
of developing emphysema, which suggests that there are 
other risk factors than smoking that affect the variation and 
manifestation of lung disease in these patients.

Despite the extensive and growing research on AAT 
deficiency since its discovery in 1963 by Laurell and 
Eriksson, its natural course is still not well known.

By the Swedish national AAT screening of all 200,000 
new-born children over the period from 1972 to 1974, 
a cohort of 127 PiZZ and 2 PiZnull individuals was iden-
tified. The aims of the screening programme were to 
estimate the prevalence of AATD in the Swedish popula-
tion, to study the natural course of AATD in relation to 
external influences such as smoking and exposure to air-
way irritants, and to gain information on the negative 
effects of smoking. The prevalence of severe AATD in 
Sweden was estimated to be 1/1600.3

The cohort has been followed up regularly concerning 
lung function and health status. Since the age of 30, an 
age-matched control group, randomly selected from the 
population registry, has been followed up in order to 
compare the results between the AAT-deficient individuals 
and the Swedish general population.4,5 Our results have 
shown that ever-smoking PiZZ individuals develop signs 
of COPD already before the age of 40, while PiZZ never- 
smokers have normal lung function.6

Our aim was to study smoking habits, symptoms, lung 
function, quality of life, presence of allergy and other 
diseases in the cohort at the age of 42 years compared to 
the age-matched control group, randomly selected from 
the population registry.

Methods
This was a prospective, national, case–control study com-
paring individuals with severe AATD (PiZZ), identified by 
neonatal screening, with an age-matched control group 
randomly selected from the population registry.

The Study Population
All AAT-deficient individuals in the cohort were invited to 
this follow-up study at the age of 42 years. The same 300 
age-matched control subjects, who had been randomly 
selected from the Swedish population registry, as in the 
30-, 34- and 38-year follow-up studies, were invited as 

a control group.4–6 The check-up of the cohort was per-
formed either at the Department of Respiratory Medicine 
in Malmö, Sweden, or at the participants’ local hospital. 
The control subjects visited the Department of Respiratory 
Medicine, Malmö.

The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the 
Regional Ethical Review Board of Lund, Sweden. All 
study participants gave their signed, informed consent.

Questionnaire
A questionnaire was sent to all study participants by reg-
ular mail. The following questions were included in the 
questionnaire: smoking history (yes/no, duration of smok-
ing and number of cigarettes per day), symptoms of 
coughing with sputum production at least 3 months over 
2 consecutive years (ie, chronic bronchitis), wheezing, 
self-estimated exertion capacity and health status on the 
VAS (Visual Analogue Scale) of 100 millimetres (0 = no 
dyspnoea/good general health status and 100 = severe 
breathlessness/poor general health status), current and for-
mer occupation, exposure to airway irritants (yes/no, type 
and duration of exposure), other diseases, history of pneu-
monia and (only the AAT-subjects) whether the knowledge 
received about AATD influenced the decision to stop/not 
to start smoking. A smoker was defined as any individual 
who had smoked more than 20 packs of cigarettes during 
his/her life. Ever-smokers were defined as former smokers 
or current smokers.

For the estimation of dyspnoea, we also used the 
Medical Research Council (MRC) scale: score 1 [=breath-
lessness with strenuous exercise] to 5 [=too breathless to 
leave home]. The cut-off for significant dyspnoea was 
MRC ≥3, which is equal to ≥2 on the modified MRC 
(mMRC) scale that is used in the GOLD criteria for 
COPD. For the evaluation of quality of life, the study 
participants answered the Saint George’s Respiratory 
Questionnaire (SGRQ) [Score 0–100 where high scores 
indicate poorer quality of life].7

Pulmonary Function Tests
The study participants underwent complete pulmonary func-
tion tests (PFT) including dynamic spirometry before and 15 
minutes after bronchodilation with terbutaline 1.5 µg, total 
lung capacity (TLC), residual volume (RV), functional resi-
dual capacity (FRC) and CO diffusing capacity (DLCO) 
(Intramedic Masterscreen®, Sollentuna, Sweden). They also 
underwent forced oscillation technique (FOT) test, using the 
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impulse oscillometry system (IOS) for the measurement of 
resistance and reactance.8 Pulmonary function tests were 
performed either at Skåne University Hospital in Malmö, 
Sweden, or at the participants’ local hospital.

The results of pulmonary function tests are expressed 
as percent of the reference values stipulated by the European 
Community for Steel and Coal. The ratios of forced expira-
tory volume in one second/vital capacity (FEV1/VC ratios) 
are presented as absolute values. Post-bronchodilator values 
are reported except for the FEV1 for which both pre- and 
post-bronchodilator values are reported.9

Allergy and IgG Sub-Classes
The presence of allergy was analysed by the serological test 
Phadiatop and total IgE at the Laboratory of Clinical 
Immunology at Skåne University Hospital, Malmö. The 
Phadiatop test included specific IgE antibodies of the most 
common inhaled allergens (dog, cat, horse, dust mite, grass, 
birch, mugwort, and mould). The results are both qualitative 
and quantitative. A value for the total IgE of 129 kU/L or 
higher was considered pathological.10 Measurement of frac-
tional exhaled nitric oxide (FENO) was performed by using 
NIOX VERO®. To avoid false-low values, the FENO was 
measured before the pulmonary function tests. A value over 
25 ppb was considered as an elevated value.11,12

The serum IgG sub-classes (IgG1, IgG2, IgG3 and 
IgG4) were analysed by nephelometry (Immage 800®) 
which is used for the quantitative measurement of anti-
gen–antibody complexes using a laser. The following cut- 
off values were considered as IgG sub-class deficiency: 
IgG1 <2.8g/L, IgG2 <1.15g/L, IgG3 <0.24g/L and IgG4 
<0.052g/L.13,14

Statistical Analyses
The Statistical Package for the Social Sciences (SPSS), ver-
sion 25, was used for the statistical analyses. Continuous 
variables were analysed with the non-parametric Mann– 
Whitney U-test due to high skewness. Categorical variables 
are given as frequencies and percentages. The Pearson Chi- 
square (χ2) test was used to compare categorical variables. 
A p-value <0.05 was considered as significant.

Results
The Study Population
Prior to the present check-up, seven of the 129 PiZZ 
subjects had died, five in early childhood and two in 

adulthood.15 Of the 300 control individuals, five had died 
after their identification.

Ninety-nine (81%) of the 122 PiZZ individuals and 90 
(31%) of the 295 control subjects (PiMM) answered the 
questionnaire. None of the PiZZ subjects had been treated 
with AAT replacement therapy. The number of participants, 
their age and smoking habits are presented in Table 1. The 
proportion of men was lower in the control group than 
among the PiZZ subjects. The proportion of smokers and 
the total tobacco consumption was lower among the indivi-
duals with AAT deficiency than among the controls, but the 
differences did not quite attain statistical significance. None 
of the AAT-deficient individuals was a current smoker.

Of the 99 PiZZ individuals, 47 (47%) answered the 
question about the influence of their knowledge of their 
AATD diagnosis on their smoking habits. Thirty-three of 
them (70%) stated a positive influence of the early diag-
nosis of AATD on their lifestyle. Seventeen (94%) of the 
18 never-smokers did not start smoking due to their 
knowledge of AATD and 9 (60%) of the 15 ever-smokers 
stopped smoking due to this knowledge.

Respiratory Symptoms, Diagnoses and 
Quality of Life
The presence of respiratory symptoms, diagnoses and quality 
of life are presented in Table 2. The ever-smoking study 
participants as a whole had significantly worse general health 
on the VAS than the never-smoking subjects. Among the ever- 
smokers as a whole, the proportion of subjects with an MRC 
score of ≥3 was also significantly higher than among the 
never-smokers. One (1%) of the PiZZ never-smokers, but 

Table 1 Demographic Data of Study Population

PiZZ n = 99 PiMM n = 90 p-value

Men, n (%) 55 (56%) 35 (39%) 0.022

Age in years 42 (41–45) 42 (40–44) NS

BMI 25 (19–43) 25 (18–43) NS

Number of children 2 (1–6) 2 (1–5) NS

Smoking habits

Never, n (%) 76 (77%) 60 (67%) NS

Former, n (%) 23 (23%) 27 (30%) NS
Current, n (%) 0 3 (3%) NS

Pack years 3.6 (0.3–22.0) 8.4 (0.3–45.0) NS

Smoking stop, age 25 (15–40) 30 (16–42) NS

Note: Data are presented as frequency (percentage) and median (range).
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none of the never-smoking control subjects had an MRC score 
of ≥3. Furthermore, the ever-smokers as a whole had 
a significantly higher, ie, poorer, SGRQ symptom score, 
impact score and total score than the never-smokers (Table 2).

Asthma was reported by 11 PiZZ subjects (11%) and 
by 6 PiMM (8%), p = 0.480. Asthma was more common 
among the PiZZ ever-smokers than among the PiZZ never- 
smokers and PiMM ever-smokers (Table 2).

Allergic diseases other than asthma (allergic rhinitis, 
conjunctivitis, eczema, and urticaria) were reported by 10 
PiZZ (10%) and 7 (8%) PiMM subjects (p = 0.577). Two 
of the 80 (3%) PiZZ and 7 (10%) of the 74 PiMM subjects 
had an elevated IgE-value (p = 0.066). No significant 
differences were found in other diagnoses of respiratory 
diseases between the Pi and smoking sub-groups.

The IgG sub-classes were analysed in 84 PiZZ and 
74 PiMM individuals. Two (2%) of the PiZZ and 1 
(1%) of the PiMM subjects had an IgG1 below the 

lower reference level (p = 0.636). All other IgG sub- 
classes were within the normal range. None of the 
study population had a diagnosis of IgG sub-class 
deficiency.

Pulmonary Function Tests
The results of pulmonary function tests, diffusion capacity, 
resistance and reactance in the Pi sub-groups are shown in 
Table 3. The PiZZ individuals had a significantly higher 
median RV, FRC and RV/TLC ratio than the PiMM sub-
jects. A significantly higher proportion of the PiZZ sub-
jects than of the PiMM subjects had an FEV1/VC ratio 
<0.7. The PiZZ subjects had significantly lower median 
R5Hz, R20Hz and R5Hz-R20Hz when compared with the 
PiMM subjects (Table 3).

Sixty-two PiZZ (63%) and 75 PiMM subjects (83%) 
underwent assessment of fractionated exhaled nitric oxide 
(FENO). To avoid false low values, the three PiMM 

Table 2 Respiratory Symptoms, Diagnoses, Health Status and the Results of the Saint George’s Respiratory Questionnaire (SGRQ) in 
Individuals with Severe Alpha-1-Antitrypsin Deficiency and the Controls Stratified by Smoking Habits

Ever-Smokers Never-Smokers

All PiZZ PiMM All PiZZ PiMM

Respiratory symptoms n = 43 n = 20 n = 23 n = 122 n = 72 n = 50

Chronic bronchitis 5 (12%) 3 (15%) 2 (9%) 6 (5%) 5 (7%) 1 (2%)

Wheezing 9 (21%) 6 (30%) 3 (13%) 15 (12%) 9 (13%) 6 (12%)

Exertion capacity [VAS] 60 (14–95) 57 (14–95) 68 (25–92) 72 (3–100) 68 (3–100) 77 (24–100)

General health [VAS] 74 (0–100)* 72 (0–95) 76 (40–100) 80 (26–100) 80 (26–100) 82 (43–100)

MRC ≥ 3 3 (7%)* 1 (5%) 2 (9%) 1 (1%) 1 (1%) 0

SGRQ n =45 n=22 n=25 n=109 n=75 n=50

Symptom 10.2 (0–46)* 10.8 (0–46) 10.2 (0–33) 0.0 (0–68) 0.0 (0–68) 0.0 (0–32)

Activity 6.2 (0–87) 6.1 (0–73) 11.2 (0–87) 6.0 (0–49) 6.0 (0–49) 6.0 (0–18)

Impact 0.0 (0–50)* 0.0 (0–50) 0.0 (0–24) 0.0 (0–31) 0.0 (0–31) 0.0 (0–11)

Total 4.2 (0–53)* 5.4 (0–53) 4.2 (0–47) 3.9 (0–39) 4.2 (0–39) 3.6 (0–16)

Respiratory diseases n=48 n=23 n=74 n=125 n=76 n=49

Asthma 7 (15%) 6 (26%)** 1 (4%) 10 (8%) 5 (7%) 5 (10%)

COPD 1 (2%) 1 (4%) 0 0 0 0

Other:

Bronchiectasis 2 1 (4%) 0 0 1 (1%) 0
Sarcoidosis 1 0 1 (4%) 1 1 0

Notes: Data are presented as frequency (percentage) and median (range). *p < 0.05 vs all never-smokers, **p = 0.010 vs PiZZ never-smokers and p = 0.030 vs PiMM ever- 
smokers.
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current smokers were excluded from the statistical ana-
lyses. The difference in the proportion of subjects with an 
elevated FENO value, ie, >25 ppb, was not significant.

The results of the pulmonary function tests in the 
smoking sub-groups are shown in Table 4. The ever- 
smoking PiZZ subjects had a significantly higher TLC, 
RV, FRC and TLC/RV ratio than the PiMM ever-smo-
kers. Compared to the PiZZ never-smokers, the PiZZ 
ever-smokers had significantly higher VC, TLC, RV and 
FRC. The median FEV1/VC ratio was significantly 
lower in the PiZZ ever-smokers compared to the PiZZ 
never-smokers. The proportion of subjects with an 
FEV1/VC ratio <0.7 was significantly higher among 
the PiZZ ever-smokers than among the PiZZ never- 
smokers. Four never-smoking PiZZ (8%) subjects, but 
none of the never-smoking control subjects had an 
FEV1/VC ratio <0.7.

Occupational Exposure to Airway Irritants
Ninety-three PiZZ (93%) and 67 PIMM subjects (74%) 
reported their occupation and whether they had been 
exposed to airway irritants. Thirty-nine (42%) of the 
PiZZ and 21 (31%) of the PiMM subjects reported an 
occupational exposure to airway irritants (p = 0.090). In 
order to avoid the effect of smoking on symptoms and 
pulmonary function tests, the ever-smokers were excluded 
from the analyses of the effect of occupational exposure on 
lung function and symptoms. The results are shown in 
Table 5. The median exposure time to airway irritants 
was lower for the PiZZ individuals than for the controls, 
but the difference was not statistically significant.

The following occupations with exposure were 
reported: dust in the timber industry, passive smoking in 
pubs, welder smoke, farming and “other”. The never- 
smoking PiZZ individuals with occupational exposure to 

Table 3 Results of Lung Function Tests in 67 PiZZ and 76 PiMM Subjects

PiZZ n = 67 PiMM n = 76 p-value

FEV1 (% pred) pre* 100 (56–132) 105 (81–139) NS

FEV1 (% pred) post 107 (70–142) 111 (83–149) NS

Reversibility, n (%) 4 (6%) 2 (3%) NS

VC (% pred) 112 (83–144) 115 (88–149) NS

FEV1/VC 79 (50–88) 79 (66–87) NS

FEV1/VC <0.7, n (%) 9 (13%) 2 (3%) 0.019

TLC (% pred) 108 (88–153) 107 (81–131) NS

RV (% pred) 109 (71–242) 97 (65–132) <0.001

FRC (% pred) 118 (60–193) 103 (61–152) 0.008

RV/TLC (% pred) 94 (63–153) 86 (67–107) <0.001

DLCOc (% pred) 95 (56–126) 96 (67–140) NS

KCOc (% pred) 89 (52–135) 92 (67–132) NS

R5Hz (kPa/(L/s)) 0.28 (0.17–0.47) 0.31 (0.20–0.50) 0.015

R20Hz (kPa/(L/s)) 0.27 (0.18–0.39) 0.28 (0.19–0.51) 0.041

R5Hz-R20Hz (kPa/(L/s)) 0.26 (0.00–0.43) 0.29 (0.02–0.48) 0.007

X5Hz (kPa/(L/s)) −0.08 (−0.13 to −0.01) −0.07 (−0.17 to −0.04) NS

AX (kPa/L) 0.12 (0.01–0.51) 0.14 (0.04–0.89) NS

Fres (Hz) 8.9 (5.8–15.3) 9.1 (6.8–39.9) NS

FENO >25 ppb, n (%) 7 (11%) 14 (18%) NS

Notes: Data are presented as frequency (percentage) and median (range). *Before inhalation of terbutaline.
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airway irritants had a significantly higher SGRQ symptom 
score, lower FEV1 and VC and a significantly higher RV/ 
TLC ratio compared to the PiMM individuals with occu-
pational exposure (Table 5).

The forty never-smoking PiZZ subjects without expo-
sure to airway irritants had a median (range) SGRQ symp-
tom score of 0.0 (0–68), p = 0.037, vs that of the exposed 
PiZZ subjects. The PiZZ individuals without occupational 
exposure had a median (range) % for predicted FEV1 of 
109 (87–130) (p = 0.004 vs PiZZ exposed), VC 112 (90– 
142) (p = 0.004 vs PiZZ exposed) and a median (range) 
RV/TLC ratio 92 (63–108) (p = 0.006 vs PiZZ exposed).

Other Diseases
There were no significant differences in the occurrence of 
the following reported diseases between the PiZZ indivi-
duals and the controls: depression 6 (6%) PiZZ vs 5 (6%) 
PiMM and cardiovascular disease (hypertension and con-
gestive heart failure) 2 (2%) PiZZ vs 2 (2%) PiMM. The 

diagnosis of inflammatory bowel disease (Crohn’s disease, 
ulcerative colitis/proctitis, and irritable bowel syndrome) 
was found in four (4%) PiZZ individuals compared with 
one (1%) of the controls. Rheumatic disease was found in 
4 (4%) of the PiZZ subjects compared with 2 (2%) of the 
controls (fibromyalgia, Bechterew’s disease, and myalgia). 
Two (2%) PiZZ individuals reported dermatological dis-
eases (rosacea and alopecia), and a further two (2%) PiZZ 
subjects had neurological disorders (tension headache and 
epilepsy). One (1%) PiZZ and 4 (4%) PiMM subjects 
reported endocrinological disease (hypothyreosis and dia-
betes type II).

Discussion
Our study confirms that, at the age of 42 years, ever- 
smoking PiZZ individuals, identified by neonatal screen-
ing, have significantly higher TLC, RV, FRC and TLC/RV 
ratio than the PiMM ever-smokers, indicating airway 
hyperinflation. Also, some never-smoking PiZZ 

Table 4 Results of Lung Function Tests in 67 PiZZ and 76 PiMM Subjects Stratified by Smoking Habits

Ever-Smokers Never-Smokers

PiZZ PiMM p-value PiZZ PiMM p-value

n 17 26 50 50

FEV1 (% pred) 116 (70–142) 109 (84–133) NS 107 (86–137) 111 (83–149) NS

VC (% pred) 124 (92–144)* 118 (91–145) NS 109 (83–142) 114 (88–149) NS

FEV1/VC 0.76 (0.50–0.87)** 0.79 (0.66–0.87) NS 0.80 (0.64–0.88) 0.79 (0.70–0.87) NS

FEV1/VC <0.7, n 5 (28%)*** 2 (8%) NS 4 (8%) 0 0.043

TLC (% pred) 116 (103–153)† 108 (88–128) 0.016 105 (88–137) 107 (81–131) NS

RV (% pred) 116 (79–242)†† 99 (84–124) 0.001 106 (71–143) 95 (65–132) NS

FRC (% pred) 127 (87–193)††† 101 (74–136) 0.012 114 (60–148) 103 (61–152) NS

RV/TLC (% pred) 97 (74–153) 88 (69–106) 0.022 94 (63–108) 85 (67–107) NS

DLCOc (% pred) 91 (56–126) 95 (79–124) NS 95 (71–126) 97 (69–140) NS

KCOc (% pred) 86 (52–113) 89 (67–132) NS 93 (70–135) 96 (70–124) NS

R5Hz (kPa/(L/s)) 0.28 (0.19–0.45) 0.30 (0.23–0.47) NS 0.28 (0.17–0.47) 0.31 (0.20–0.50) NS

R20Hz (kPa/(L/s)) 0.29 (0.19–0.38) 0.29 (0.19–0.41) NS 0.27 (0.18–0.29) 0.28 (0.20–0.51) NS

R5Hz-R20Hz (kPa (L/s)) 0.26 (0.02–0.37) 0.28 (0.02–0.44) NS 0.26 (0.00–0.43) 0.30 (0.02–0.48) NS

X5Hz (kPa/(L/s)) −0.07 (−0.11-(−0.04) −0.07 (−0.17-(−0.05) NS −0.08 (−0.13-(−0.01) −0.08 (−0.15-(−0.04) NS

AX (kPa/L) 0.15 (0.04–0.35) 0.14 (0.05–0.89) NS 0.12 (0.01–0.51) 0.15 (0.04–0.77) NS

Fres (Hz) 9.5 (6.7–12.7) 9.0 (7.1–16.2) NS 8.7 (5.8–15.3) 9.1 (6.8–39.9) NS

Notes: Data presented as frequency (percentage) and median (range). *p = 0.009, **p < 0.034, ***p = 0.031, †p < 0.002, ††p < 0.013 and †††p < 0.044 vs PiZZ never-smokers.
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individuals have early physiological signs of emphysema 
at the age of 42 years. To our knowledge, this is the only 
study of the natural history of severe AATD in a cohort of 
individuals identified at birth and followed up regularly.

At the present check-up, a greater proportion of the 
PiZZ subjects had airflow obstruction with an FEV1/VC 
ratio <0.7, which is the GOLD spirometric criterion for the 
diagnosis of COPD, than at the previous check-up at the 
age of 38 (13% vs 8%). Among the controls, the corre-
sponding figures were 3% vs 1%, respectively.6 

Furthermore, we found that eight percent of the PiZZ 
never-smokers, but none of the PiMM never-smokers had 
airflow obstruction. At the age of 38, only five percent of 
the PiZZ never-smokers had airflow obstruction.6 Our 
previously published register-based study has shown that 
in PiZZ never-smokers, lung function deteriorates after the 
age of 50.16 The results of the present check-up indicate 
that in never-smoking PiZZ individuals the development 
of COPD may start already before the age of 50.

At the present check-up, forced oscillation technique 
(FOT) showed that the resistance was significantly lower 

both at 5Hz, which is often considered reflecting the whole 
bronchial tree, and between 5 and 20Hz, which is consid-
ered representing the small airways. At the age of 38, the 
PiZZ subjects had significantly lower resistance only at 5 
and 20Hz, ie, in the small airways.6 A putative explanation 
is that emphysema leads to hyperinflation and dilated 
small airways. In the absence of significant bronchial dis-
ease, resistance may then be lower than expected. Usually, 
the resistance is increased in COPD patients with normal 
AAT levels. The future follow-up of the cohort will eluci-
date whether the lower resistance persists in the PiZZ 
subjects.

A significantly higher proportion of the PiZZ ever-smo-
kers than PiZZ never-smokers reported a diagnosis of 
asthma. This may be related to the fact that the AAT-defi-
cient individuals in the cohort in general are checked up 
more often than the controls due to the diagnosis of AATD, 
which may lead to the diagnosis of asthma. Another possi-
ble reason is that individuals with respiratory symptoms at 
a young age are more often classified as asthmatics rather 
than as having COPD. Asthma and airway hyper-reactivity 

Table 5 Results of Quality of Life as Registered in the Saint George’s Respiratory Questionnaire (SGRQ) and Lung Function Tests in 
Never-Smokers with Occupational Exposure to Airway Irritants

Exposure to Airway Irritant

PIZZ  
n = 28

PiMM  
n = 11

p-value

Exposure time, years 4.5 (1–30) 11.0 (2–25) NS

SGRQ n = 21 n = 10

Symptom 10.2 (0–51)* 0.0 (0–22) 0.040

Activity 6.0 (0–49) 6.0 (0–17) NS

Impact 0.0 (0–31) 0.0 (0–4) NS

Total 5.2 (0–39) 2.6 (0–8) NS

Pulmonary function tests n = 14 n = 11

FEV1 (% pred) 96 (86–115)* 111 (92–132) 0.014

VC (% pred) 101 (83–115)* 117 (104–144) 0.001

FEV1/VC 79 (64–85) 78 (74–87) NS

FEV1/VC <0.7, n 1 (7%) 0 NS

RV (% pred) 107 (89–130) 96 (69–118) NS

RV/TLC (% pred) 101 (84–110)* 86 (67–104) 0.001

R5Hz-R20Hz 0.26 (0–0.31) 0.31 (0.20–0.46) 0.005

Notes: Data are presented as frequency (percentage) and median (range). *p < 0.05 vs PiZZ non-exposed.
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have previously been reported in AAT-deficient subjects, 
especially in young adults, prior to a diagnosis of COPD.17 

It is also possible that lack of defence against neutrophil 
elastase makes their airways susceptible to inflammation. 
However, we did not find any increased prevalence of 
allergy nor eosinophil inflammation by using the 
Phadiatop test, total IgE and FENO in the PiZZ subjects. 
The fact that many PiZZ subjects have a diagnosis of 
asthma shows the importance of early identification of 
AATD for a correct diagnosis.

Occupational exposure to airway irritants is a possible 
risk factor for the development of pulmonary diseases.18 

Among the subjects who reported occupational exposure to 
airway irritants, we found poorer lung function in the PiZZ 
subjects than in the controls. They also registered more 
symptoms in the SGRQ than the controls. Furthermore, 
they had poorer results in some PFT parameters and symp-
toms than the non-exposed PiZZ subjects. Thus, already at 
the age of 42, occupational exposure to airway irritants may 
have an effect on lung function and symptoms in PiZZ 
individuals. These results also confirm the importance of 
early advice to AAT-deficient individuals concerning their 
choice of occupation. Our group has previously reported, by 
analysing results of the Swedish AAT deficiency register, that 
occupational exposure to airway irritants is a risk factor for 
respiratory symptoms and decreased lung function in severe 
AAT deficiency.16,19

Respiratory infections causing exacerbations of COPD 
have a negative effect on the prognosis of COPD.20 IgG 
sub-class deficiency is a possible risk factor for exacerba-
tions caused by airway infections in PiZZ individuals.13,21 

We did not find any differences in the levels of IgG sub- 
classes between the PiZZ and the control subjects. It is 
possible that the number of study participants was too low 
to show differences in IgG sub-classes because of their 
low prevalence in the Swedish population.

Similar to our previous findings from the age of 30 
onwards, the ever-smokers, independent of AAT level, 
have more respiratory symptoms as assessed by quality 
of life than the never-smokers.4,5,22 Thus, in all indivi-
duals, including those with normal AAT levels, smoking 
has a negative effect on quality of life and respiratory 
symptoms at an early age, before any signs of COPD 
occur in pulmonary function tests.

Strengths
This cohort of individuals with severe AAT deficiency is 
the only existing, population-based, epidemiological study 

on the natural course of severe AAT deficiency. After 
identification at birth, the cohort has been followed up 
regularly, which makes it possible to study the natural 
course of this disorder. To our knowledge, no other cohort 
of individuals with severe AAT deficiency, which has been 
identified by a national neonatal screening, has been fol-
lowed up into adulthood. In the Oregon State Public 
Health Laboratory, 107,000 new-born children were 
screened between 1971 and 74, and 21 PiZZ individuals 
were identified. The latest follow-up of these was pub-
lished at the age of 15.23 Between 1984 and 85, Kempen 
et al screened about 10,000 new-borns in Limburg, 
Belgium, and identified 6 PiZZ individuals.24 No long- 
term follow-up has been published on these six PiZZ 
subjects.

Another strength of our study is the fact that since the 
age of 30, the results are compared with the same control 
group that was randomly selected from the population 
registry. The Swedish system with an individual personal 
identification number makes it possible both to know the 
vital status and to facilitate contact with all the AAT- 
deficient subjects and controls at each follow-up.

Limitations
Our study also has some limitations, one being that some 
AAT-deficient subjects and also some control subjects did 
not participate in the check-up, which leads to a weaker 
statistical power. Several study parameters showed a high 
level of skewness. The most common reasons for non- 
attendance were shortage of time, long distance to travel 
and no interest/fear of knowledge about one’s health.

Conclusion
Ever-smoking PiZZ individuals have developed COPD at 
the age of 42 years. Also, some PiZZ never-smokers have 
early physiological signs of emphysema.
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