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Background: Severe alpha 1-antitrypsin (AAT) deficiency (genotype PiZZ) is a well-known 

risk factor for COPD. A cohort of PiZZ and PiSZ individuals was identified by the Swedish 

national neonatal AAT screening program in 1972–1974 and followed up regularly since birth. 

Our aim was to study the lung function, respiratory symptoms and health status at the age of 

38 years in comparison with a random sample of control subjects selected from the popu-

lation registry.

Methods: The study group included 120 PiZZ, 46 PiSZ and 164 control subjects (PiMM), who 

answered a questionnaire on smoking habits and symptoms and the Saint George Respiratory 

Questionnaire (SGRQ) on quality of life. A total of 89 PiZZ, 33 PiSZ and 92 PiMM subjects 

underwent spirometry.

Results: Four percent of the PiZZ, 2% of the PiSZ and 12% of the control subjects were current 

smokers (P=0.008), and 17% of the PiZZ, 9% of the PiSZ and 21% of the control subjects had 

stopped smoking. The PiZZ current smokers had a significantly higher (ie, poorer) median activ-

ity score according to the SGRQ than the PiZZ never-smokers (P=0.032). The PiMM current 

smokers had significantly higher activity score (P,0.001), symptom score (P,0.001), and total 

score (P=0.001) according to the SGRQ than the PiMM never-smokers. The PiZZ current smok-

ers had a significantly lower postbronchodilator forced expiratory volume in 1 second (FEV
1
)% 

of predicted value (P=0.019) and FEV
1
/forced vital capacity (FVC) ratio (P=0.032) than the 

PiZZ never-smokers. The proportion of subjects with a FEV
1
/FVC ratio of ,0.70, indicating 

COPD, was significantly higher in the PiZZ current smokers than in the PiZZ never-smokers 

(P=0.001). Among the PiSZ and PiMM subjects, the differences in lung function between the 

smoking subgroups were insignificant.

Conclusion: PiZZ current smokers were found to have signs of COPD before 40 years of age. 

Smoking is less common among the AAT-deficient subjects identified by neonatal screening 

than among their peers in the general population.

Keywords: alpha 1-antitrypsin deficiency, health status, lung function, COPD, screening, 

smoking

Introduction
Severe alpha 1-antitrypsin (AAT) deficiency (PiZZ) is a well-known risk factor for 

developing COPD and liver disease.1 Moderate AAT deficiency, PiSZ, is also con-

sidered a risk factor for the development of COPD in smokers. Despite the fact that 

this genetic codominant, autosomal disorder, characterized by low plasma levels of 

circulating AAT was discovered more than 50 years ago, its natural course has still 

not been elucidated.2
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The Swedish national neonatal AAT screening study was 

carried out in 1972–1974, when all 200,000 newborn children 

were screened for AAT deficiency.3 A total of 127 PiZZ, 

2 PiZ-null, 54 PiSZ and 1 PiS-null infants were identified. 

The cohort has been followed up frequently during infancy, 

then every second year up to the age of 18 years, and every 

fourth year in adulthood. A series of reports on the prospec-

tive follow-ups of the cohort have been published till their 

34 years of age.4–9 Since the age of 30 years, a randomly 

selected, age-matched control group has been followed up in 

order to compare the results with the Swedish general popula-

tion. Five PiZZ children and 1 PiSZ child died before the age 

of 8 years. During the follow-up, five new PiZZ individuals, 

born abroad during the screening period, have been identi-

fied and added to the cohort.8,9 Thus, the cohort still included 

127 PiZZ and 2 PiZ-null subjects at the age of 34 years.

Our aim was to study the smoking habits, health status 

including respiratory symptoms, quality of life and lung func-

tion at the age of 38 years in the cohort of the AAT-deficient 

subjects identified by the Swedish neonatal screening pro-

gram in comparison with an age-matched control group 

randomly selected from the population registry.

Subjects and methods
Study population
When the cohort population reached the age of 38 years, all 

127 PiZZ, 2 PiZ-null, 53 PiSZ and 1 PiS-null individuals were 

invited to participate in a health checkup to assess their health 

status and lung function. The same randomly selected group 

of 300 individuals as in the 30-year and 34-year follow-ups 

identified from the Swedish population registry served as 

control group.

The study was conducted in accordance with the Declara-

tion of Helsinki and was approved by the Regional Ethical 

Review Board of Lund, Sweden. All study participants gave 

their signed, informed consent.

Questionnaires
A questionnaire was sent to all study participants. It included 

questions on occupation, occupational exposure, smoking 

habits, respiratory symptoms and medication. A smoker was 

defined as a person having smoked at least one cigaret per 

day for 1 year. The following symptoms were included in 

the questionnaire: wheezing, cough with sputum production 

for at least 3 months over 2 consecutive years (ie, chronic 

bronchitis) and dyspnea when walking 100 m on level 

ground. The Medical Research Council (MRC) dyspnea 

scale was also included in the questionnaire. The disease-

specific questionnaire on quality of life, the Saint George 

Respiratory Questionnaire (SGRQ), was also sent to the 

study participants.10

Spirometry and physical examination
All AAT-deficient individuals visited either their local 

hospitals or the Department of Respiratory Medicine, Malmö, 

Sweden. During their visit, spirometry was performed accord-

ing to the European Respiratory Society/American Thoracic 

Society recommendations. A reversibility test 15 minutes 

after inhaling beta-2-agonist was requested. The results of the 

spirometry were expressed as a percentage of the European 

Respiratory Society reference values.11 The forced expira-

tory volume in 1 second (FEV
1
)/forced vital capacity (FVC) 

ratios were presented as decimals. Postbronchodilator results 

of spirometry in the smoking subgroups were analyzed, 

because COPD is defined based on postbronchodilator values. 

Measurement of the fractional exhaled nitric oxide (FENO) 

level was requested.12 The results of spirometry, physical 

examination and diagnoses of respiratory and other diseases 

were reported by a study protocol. All control subjects per-

formed spirometry and the FENO test at the Department of 

Respiratory Medicine, Malmö, Sweden.

Statistical analyses
Statistical analyses were performed with the Statistical Package 

for the Social Sciences (SPSS version 22.0) software. Because 

of skewed distribution of the continuous variables, we used non-

parametric tests (the Mann–Whitney U test and the Kruskal–

Wallis test). Categorical values were analyzed by the χ2 test. 

The Pearson correlation coefficient was calculated to assess 

correlations. A P-value ,0.05 was considered significant.

Results
Study population
Three PiSZ subjects and one PiZZ subject died before car-

rying out the checkup. A total of 120 PiZZ, 46 PiSZ and 

164 control subjects answered the questionnaire. The demo-

graphic data of the study participants are presented in Table 1. 

Table 1 Demographic data of the study participants

Characteristics PiZZ
(n=120)

PiSZ
(n=46)

Controls
(n=164)

Age in years, 
median (range)

39 (37–41) 39 (37–40) 39 (38–41)

Men, n (%) 68 (56) 25 (52) 60 (37)
Smoking habits

Never, n (%) 94 (78) 39 (85) 109 (67)*
Former, n (%) 21 (18) 5 (11) 36 (22)
Current, n (%) 5 (4) 2 (4) 19 (12)
Pack-years 8.0 (0.5–23.0) 7.4 (0.5–38.7) 8.0 (0.2–32.2)

Note: *P=0.008 vs PiZZ and PiSZ.
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The proportion of women was higher in the control group 

than in the AAT-deficient groups. Smoking was significantly 

more common among the control subjects than among the 

AAT-deficient subjects (P=0.008).

Spirometry
A total of 89 PiZZ, 33 PiSZ and 98 PiMM subjects under-

went spirometry. The results for the Pi subgroups are shown 

in Table 2. No significant differences were found in FEV
1
 

or FVC between the Pi subgroups. The postbronchodila-

tor results of spirometry, stratified by smoking habits, are 

shown in Table 3. The PiZZ current smokers had a signifi-

cantly lower postbronchodilator FEV
1
% of predicted value 

(P=0.019) and FEV
1
/FVC ratio (P=0.032) than the PiZZ 

never-smokers. The proportion of subjects with a FEV
1
/FVC 

ratio of ,0.70, indicating COPD, was significantly higher 

among the PiZZ current smokers than among the PiZZ 

never-smokers (P=0.001). The results were similar when 

prebronchodilator values were analyzed (data not shown). 

The differences in the results of the pulmonary function tests 

among the corresponding smoking subgroups in the PiSZ 

and PiMM subjects were nonsignificant.

Occupational exposure
Forty-nine (42%) of 118 PiZZ, 15 (32%) of 47 PiSZ and 

42 (26%) of 164 PiMM subjects reported occupational 

Table 2 Results of the lung function tests and the fractional exhaled nitric oxide (FENO) test in the Pi subgroups

Lung function 
parameters

PiZZ
(n=89)

PiSZ
(n=33)

PiMM
(n=92)

Median (range) Median (range) Median (range)

FEV1 pre-b.d. (L) 3.8 (1.3–6.4) 3.9 (2.4–5.7) 3.4 (2.1–5.2)
FEV1 pre-b.d. (% predicted) 102 (43–133) 104 (74–131) 101 (76–150)
FVC pre-b.d. (L) 4.8 (2.9–9.1) 5.1 (3.0–6.8) 4.2 (2.7–6.3)
FVC pre-b.d. (% predicted) 109 (76–149) 113 (80–142) 107 (87–162)
FEV1/FVC ratio pre-b.d. 0.79 (0.39–0.90) 0.80 (0.64–0.89) 0.80 (0.65–0.90)
FEV1 post-b.d. (L) 3.9 (1.5–6.4) 4.1 (2.5–5.6) 3.4 (2.2–5.2)
FEV1 post-b.d. (% predicted) 104 (48–138) 107 (79–130) 104 (81–146)
FVC post-b.d. (L) 4.8 (3.0–8.9) 5.2 (2.9–6.8) 4.1 (2.9–6.2)
FVC post-b.d. (% predicted) 109 (75–143) 113 (80–135) 107 (80–156)
FEV1/FVC ratio post-b.d. 0.83 (0.42–0.92) 0.83 (0.71–0.89) 0.83 (0.68–0.91)
Reversibility (%) 10 (0–14) 13 (0–18) 9 (0–15)
FENO (ppb) 16 (6–42) 22 (8–246)* 14 (5–88)

Notes: Prebronchodilator (pre-b.d.) and postbronchodilator (post-b.d.) values of lung function parameters are shown. Seventy-six PiZZ, 30 PiSZ and 91 PiMM subjects 
underwent a reversibility test. Fifty-seven PiZZ, 25 PiSZ and 92 PiMM subjects underwent FENO tests; *P=0.037 vs PiMM.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ppb, parts per billion.

Table 3 Lung function in 76 PiZZ, 30 PiSZ and 97 PiMM subjects stratified by smoking habits

Variable PiZZ PiSZ PiMM

Never-smokers/former 
smokers/current smokers, n

60/13/3 25/4/1 56/21/14

FEV1 (% predicted)
Never-smokers 107 (76–138) 105 (79–130) 104 (81–133)
Former smokers 107 (77–129) 118 (91–118) 105 (81–146)
Current smokers 57 (48–87)* 98 99 (89–124)

FVC (% predicted)
Never-smokers 110 (75–143) 111 (80–133) 105 (80–134)
Former smokers 112 (83–126) 117 (110–135) 111 (89–156)
Current smokers 97 (81–101) 103 106 (87–135)

FEV1/FVC
Never-smokers 0.83 (0.67–0.92) 0.84 (0.71–0.89) 0.84 (0.67–0.91)
Former smokers 0.83 (0.59–0.88) 0.82 (0.75–0.88) 0.81 (0.68–0.91)
Current smokers 61 (0.42–0.77)** 0.82 0.81 (0.71–0.88)

Subjects with FEV1/FVC ,0.70
Never-smokers, n (%) 3 (5) 0 0
Former smokers, n (%) 1 (8) 0 1 (5)
Current smokers, n (%) 2 (67)*** 0 0

Notes: Postbronchodilator values are shown. All values are presented as medians (range) unless stated otherwise. *P=0.019 vs PiZZ never-smokers; **P=0.032 vs PiZZ 
never-smokers; ***P=0.001 vs PiZZ never-smokers.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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exposure to airway irritants (P=0.019). No significant differ-

ences in lung function tests were found between the subjects 

reporting occupational exposure to airway irritants and those 

not exposed.

FENO test
The amount of NO exhaled was analyzed in 57 PiZZ, 

25 PiSZ and 92 PiMM subjects. The median amount of NO 

exhaled was significantly higher in the PiSZ subjects than 

in the control subjects (Table 2). Fourteen of the control 

subjects who underwent FENO test were current smokers. 

On excluding the current smokers from the analysis, the 

difference became insignificant.

Respiratory symptoms
No significant differences in respiratory symptoms were 

found among the Pi subgroups. The respiratory symptoms 

in the smoking subgroups are shown in Table 4. Recurrent 

wheezing was more prevalent among the PiZZ current 

smokers than among the PiZZ never-smokers and former 

smokers but the difference was not statistically significant. 

Chronic bronchitis was more prevalent among the PiSZ cur-

rent smokers than among the PiSZ never-smokers and former 

smokers (P=0.042). Among the PiMM subjects, the current 

smokers reported significantly more recurrent wheezing than 

the never-smokers and former smokers (P=0.004; Table 4). 

The score of the MRC dyspnea scale was also higher (worse) 

among the PiMM current smokers than among the never-

smokers (P=0.026; Table 5).

Quality of life
The results of SGRQ in the smoking subgroups are shown in 

Table 5. When all study participants were analyzed together, 

Table 4 Respiratory symptoms in the 119 PiZZ, 46 PiSZ and  
164 PiMM subjects stratified by smoking habits

Symptom Never-
smokers

Former 
smokers

Current 
smokers 

P-value

Wheezing
PiZZ 12/90 (13%) 5/20 (25%) 2/4 (50%) 0.085
PiSZ 8/37 (22%) 0/5 (0%) 0/2 (0%) 0.397
PiMM 9/105 (9%) 5/36 (14%) 7/19 (37%) 0.004

Chronic bronchitis*
PiZZ 5/92 (5%) 2/21 (10%) 0/4 (0%) 0.680
PiSZ 2/37 (5%) 0/5 (0%) 1/2 (50%) 0.042
PiMM 3/108 (3%) 2/36 (6%) 3/19 (16%) 0.052

Dyspnea**
PiZZ 27/93 (29%) 6/21 (29%) 2/5 (20%) 0.868
PiSZ 13/39 (33%) 2/5 (40%) 2/2 (100%) 0.161
PiMM 28/109 (26%) 14/36 (39%) 9/19 (47%) 0.088

Notes: *Sputum for at least 3 months over 2 consecutive years; **dyspnea when 
walking 100 m on level ground.

Table 5 Results of the Saint George Respiratory Questionnaire (SGRQ) and the Medical Research Council (MRC) dyspnea scale in 
98 PiZZ, 36 PiSZ and 85 MM subjects stratified by smoking habits

Variable All subjects PiZZ PiSZ PiMM

Never-smokers/former/
current smokers, n

152/40/19 72/18/4 26/5/1 54/17/14

SGRQ symptom
Never-smokers 5.5 (0–78.4) 2.5 (0–78.4) 11.8 (0–58.9) 0 (0–46.8)
Former smokers 7.1 (0–66.9) 7.5 (0–52.2) 5.5 (0–18.4) 7.6 (0–66.9)
Current smokers 21.0 (0–76.1)* 18.4 (5.9–36.3) 37.8 19.7 (0–76.1)##

SGRQ activity
Never-smokers 6.0 (0–66.9) 6.0 (0–59.5) 12.2 (0–66.9) 6.0 (0–18.5)
Former smokers 11.7 (0–54.4) 8.8 (0–41.1) 12.2 (6.0–18.5) 12.2 (0–54.4)
Current smokers 18.5 (0–67.2)* 24.6 (6.0–47.7)# 18.5 12.6 (0–67.2)##

SGRQ impact
Never-smokers 0 (0–59.9) 0 (0–47.6) 0 (0–59.9) 0 (0–16.2)
Former smokers 0 (0–35.5) 0 (0–24.2) 0 (0–0) 0 (0–35.5)
Current smokers 0 (0–6.9) 2.8 (0–8.7) 14.2 0 (0–60.9)

SGRQ total
Never-smokers 4.1 (0–61.8) 3.7 (0–56.3) 6.2 (61.8) 4.0 (0–15.5)
Former smokers 4.7 (0–46.5) 5.0 (0–34.4) 4.7 (2.0–7.3) 4.6 (0–46.5)
Current smokers 8.8 (0–65.3)** 14.2 (2.9–20.1) 13.9 7.5 (0–65.3)###

MRC
Never-smokers 1.0 (0–3) 1 (0–3) 1 (0–3) 1 (0–2)
Former smokers 1.0 (0–3) 1 (0–2) 1 (0–2) 1 (0–3)
Current smokers 2.0 (0–3)*** 1.5 (1–2) 2 1 (0–3)¶

Notes: All values are expressed as median (range) unless stated otherwise. *P,0.001 vs never-smokers; **P=0.001 vs never-smokers; ***P=0.026 vs never-smokers; 
#P=0.032 vs PiZZ never-smokers; ##P,0.001 vs PiMM never-smokers; ###P=0.003 vs PiMM never-smokers; ¶P=0.018 vs PiMM never-smokers.
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the current smokers had, on SGRQ, a significantly higher, 

that is, poorer activity score (P,0.001), symptom score 

(P,0.001) and total score (P=0.001) than the never-smokers. 

The PiZZ current smokers had a significantly higher activity 

score than the PiZZ never-smokers (P=0.032). In the PiSZ 

subjects, no significant differences were found in SGRQ. The 

PiMM current smokers had a significantly higher activity 

score (P=0.005), symptom score (P=0.001) and total score 

(P=0.002) than the PiMM never-smokers.

Other diseases
The other diagnoses reported by the study participants are 

presented in Table 6. No significant differences were found 

in prevalence in the diagnoses among the Pi subgroups.

Discussion
Our results show that the majority of the PiZZ current 

smokers (2 of the 3 PiZZ current smokers) identified by 

screening at birth have COPD at the age of 37–40 years. 

In contrast, the PiMM subjects do not present the changes 

in lung function parameters indicating COPD. These results 

confirm that PiZZ individuals are more vulnerable to smoking 

than the general population.

The AAT-deficient subjects in this study form the only 

existing population-based cohort of PiZZ and PiSZ individu-

als, identified by a national neonatal screening, and were 

followed up since birth. Since the age of 30 years, the results 

have been compared with those of age-matched control 

subjects who were randomly selected from the population 

registry.8,9 At all health checkups, smoking was found to be 

less common among the AAT-deficient subjects than among 

the control subjects. The present checkup shows that at 

37–40 years of age, smoking continues to be less common 

among the cohort than among the controls. This is probably 

due to the continuous antismoking campaign since childhood. 

The control subjects were identified at the age of 30 years, 

and they were personally counseled to stop smoking at the 

time of their participation in the checkups at the age of 30, 

34 and 38 years.

Since the age of 34 years, the cohort and the controls have 

answered the SGRQ, which is a disease-specific question-

naire on quality of life. Similar to the results at the previous 

checkup, the smokers, independent of Pi group, had a signifi-

cantly poorer quality of life than the never-smokers.9 Thus, 

in the general population, smoking has already a negative 

impact on the quality of life before the age of 40 years, and 

before the decrease in lung function occurs. The differences 

in quality of life between current and never-smokers were 

more apparent among the control subjects than among the 

AAT-deficient subjects, probably due to the insufficient 

power of the statistical analyses because of a small number 

of current smokers among the cohort. Furthermore, many of 

the AAT-deficient, former smokers had smoked only a few 

cigarets per day for a short time at a young age. This fact may 

also explain why no significant differences in lung function 

were found between the AAT-deficient never-smokers and 

former smokers. Our results show that antismoking campaign 

at an early age prevents the occurrence of respiratory symp-

toms and COPD in the AAT-deficient individuals. Therefore, 

one of the most important tasks is early identification of the 

deficiency state, possibly by screening before the age at which 

smoking is initiated, that is, in adolescence.

In contrast to the PiZZ subjects, no significant differences 

in lung function were found between the PiSZ smokers and 

the never-smokers. However, only one PiSZ current smoker 

underwent spirometry, and for this reason, no conclusions 

can be drawn from these results. Recently published data 

from the UK AAT-deficiency register have shown that 

PiSZ individuals are less susceptible to COPD than PiZZ 

subjects. They even found that PiSZ index cases have a 

similar phenotype of emphysema and bronchiectasis as 

COPD patients with the PiMM phenotype.13 However, no 

healthy controls from the general population were included 

in the study and, therefore, no conclusions can be drawn as 

to whether the PiSZ individuals have an increased risk of 

developing COPD.

The most important strength of our study is that we fol-

lowed up only the existing cohort of AAT-deficient individuals, 

identified in a national neonatal screening program, which 

provided an opportunity to study the natural course of severe 

and moderate AAT deficiency. We thank the Swedish system 

of individual identification numbers; it helped us to know the 

vital status of all the subjects in the cohort and allowed us to 

follow the life expectancy of all subjects since birth.

Table 6 Other diagnoses reported by the study participants

Diagnoses PiZZ
(n=120)

PiSZ
(n=46)

PiMM
(n=164)

Allergy, n (%) 23 (19) 9 (20) 20 (14)
Asthma, n (%) 9 (8) 2 (4) 4 (2)
Joint disease, n (%) 3 (3) 1 (2) –
Hypertension, n (%) – – 3 (2)
Migraine, n (%) 2 (2) – –
Thyroidal disease, n (%) – 2 (4) 5 (3)
Depression, n (%) 1 (0.8) 1 (2) 3 (2)
IBD 2 (2) – 1 (0.6)

Note: The differences between the Pi subgroups were not significant.
Abbreviation: IBD, inflammatory bowel disease.
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Limitations
The most important limitation of our study is the fact that 

some AAT-deficient subjects did not participate in the 

follow-up pulmonary function tests. The most common 

reason for not participating was lack of time and well-being, 

that is, lack of symptoms. However, the participation rate of 

answering the questionnaire was high, more than 90%. The 

second limitation is the fact that the statistical analyses of 

this study were weak due to the small number of subjects, 

especially smokers, in the cohort.

Conclusion
In conclusion, we emphasize that the PiZZ current smokers 

already have symptoms of COPD at the age of 37–40 years, 

whereas the never-smoking PiZZ and PiSZ individuals have 

normal lung function.
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