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Background: Severe alpha-1-antitrypsin deficiency (AATD) is a genetic condition predis-
posing to chronic obstructive pulmonary disease (COPD) and liver disease. Its natural course
is not well known. Our aim was to study the natural course of AATD by analyzing the
clinical course in individuals with severe AATD identified by screening.

Materials and Methods: Of the 1585 individuals included in the Swedish AATD register,
377 (24%) were identified by screening and included in this retrospective study. The follow-
up time was from the date of inclusion in the register to the first lung transplantation, death or
the termination of the study on June 1st, 2016. The risk factors for having a diagnosis of
COPD were investigated through a proportional hazards model, adjusted for sex, diagnosis
before the age of 14 years, smoking habits, occupational exposure to airway irritants and
respiratory symptoms or diseases.

Results: At inclusion, 71% of the individuals were asymptomatic, ie, without any respira-
tory symptoms. Compared to the 156 (41%) ever-smokers, the 221 (59%) never-smokers had
better lung function (mean FEV,; 98 (SD 18) vs 85 (SD 28) % predicted; p < 0.001), and
fewer of them were symptomatic, ie, with respiratory symptoms, at inclusion (20% vs 42%;
p < 0.001). They also had a lower annual decline in FEV; (mean 42 (95% CI 36-47) vs 53
(95% CI 47-60) mL-yr '; p = 0.011) and better survival than the ever-smokers. The risk
factors for having a diagnosis of COPD were the identification of severe AATD at an age of
>14 years and the presence of respiratory symptoms or diseases.

Conclusion: Never-smoking individuals with severe AATD identified by screening have
better lung function, fewer symptoms, and better survival compared with the ever-smokers.
Screening for AATD at an early age may improve the prognosis of AATD.
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Introduction
Alpha-1-antitrypsin (AAT) is a serine protease inhibitor, that protects lung tissue
against the proteolytic destruction caused by neutrophil elastase (NE), one of the
main serine proteases.' In individuals with severe AAT deficiency (AATD), the
plasma level of circulating AAT is only 10-20% of the normal level.” The deficit of
AAT in the circulation contributes to an imbalance between proteinases and anti-
proteinases, in favor of NE.'*

In smoking individuals with severe AATD, Chronic Obstructive Pulmonary
Disease (COPD) develops one to two decades earlier than in non-AATD smokers.’

AATD is often clinically underrecognized or misdiagnosed, and the diagnosis is
delayed to the point when the pulmonary destruction is already established.! AAT-
deficient individuals experience an accelerated rate of lung function decline and
repeated exacerbations of COPD.*
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In Sweden, the prevalence of severe AATD is approxi-
mately 1 of 1600 individuals, the investigation of the pre-
valence being based on a nationwide neonatal AAT screening
program undertaken between 1972—-1974, when 129 of the
200.000 newborns were found to have severe AATD.” This
unique nationwide neonatal screening of AATD had the
purposes to study the prevalence of AATD in Sweden, the
natural history of AATD and to prevent early exposure to air
pollutants (primarily cigarette smoke).” To our knowledge,
this is the only cohort in the world with severe AATD that has
been followed-up since birth on a regular basis. However, it
still takes decades to study the complete natural course of
AATD. The Swedish national register of individuals with
severe AATD includes a large number of individuals identi-
fied by screening, and thus offers a unique possibility to study
the natural course of AATD.®

Many of the previous studies on the natural course of
AATD have reported that the condition leads to reduced
life expectancy, compared with the general population.”””
The fact that most of the patients included in previously
published studies have been smokers and identified by the
presence of symptoms or diseases, has influenced the
results. However, our previously published analyses of
data from the Swedish AATD register have shown
a similar survival rate in never-smoking AAT-deficient
individuals identified by screening compared with age
and sex-matched controls.'™'" The health status and clin-
ical course of AAT-deficient individuals identified through
screening have only to a limited extent been investigated
and the studies have included only a limited number of
individuals. Also, the Swedish cohort includes only 129
individuals with severe AATD.

The aim of the present study was to investigate the health
status, clinical course, and prognosis in individuals with
severe alpha-1 antitrypsin deficiency identified by screening.

Methods

This study was a retrospective, longitudinal, national, reg-
ister-based study on individuals with severe AATD identi-
fied by means of screening. Data on the subjects were
collected by cross-linkage using the Swedish system of
personal identity numbers from the Swedish national
patient register (SNPR)'? and the national register of
causes of death.

Study Population and Data Collection
The individuals with severe AATD included in this study
were included in the Swedish AATD register, which has

been described in detail elsewhere.® Eligibility criteria for
inclusion in the register are age >18 years, written
informed consent and a diagnosis of severe AATD (phe-
notypes PiZZ, PiZNull or PiNullNull), verified by isoelec-
tric focusing, which is the standard method in Sweden for
AAT phenotyping. In the Swedish AATD register, the
reasons for the analysis of plasma proteins leading to the
diagnosis of AAT deficiency are the following: the pre-
sence of any respiratory disease and/or symptoms, liver
disease, other diseases, and screening. The clinical exam-
ination, laboratory analyses of blood samples and lung
function tests are performed at the patients’ local hospital
every two years, and the results are reported by the attend-
ing physician to the AATD register via a questionnaire.
Diagnoses of respiratory diseases, other diagnoses, symp-
toms, occupation, and smoking habits are also reported by
the attending physician. Smoking status, based on the
subjects’ self-reports, was divided into two groups: never-
smokers and ever-smokers. Ever-smokers included ex-
smokers and current smokers.

In the present study, “symptomatic individuals” were
defined as the subjects who had any of the following at
inclusion: respiratory symptoms or respiratory disease
including asthma, COPD or emphysema reported by the
attending physician or obtained from SNPR. The AAT-
deficient individuals without any respiratory symptoms or
disease at inclusion were referred to as “asymptomatic
individuals”.

The occupations were grouped in nine categories
according to the Swedish standards for occupational clas-
sification of 2018, which is adapted from the International
Standards Classification of Occupations.'® The occupation
groups five to nine were classified as occupations with
a risk of exposure to airway irritants.

The diagnoses at inclusion and during follow-up were
obtained from the AATD register questionnaires and from
the SNPR. The diagnoses were coded according to the 9th
and the 10th revisions of the WHO International
Classification of Disease system (ICD).'*!'> The ICD
codes were categorized as (ICD-9; ICD-10): respiratory
diseases (emphysema (492; J43), COPD (496; J44),
asthma (493; J45), chronic bronchitis (490-491; J40-42)),
hepatic diseases (520-579; K70-93), cardiovascular dis-
eases (401-429; 110-52), neurological conditions (320-
389, 430-438; G12.2, 160-69), cancer affecting the respira-
tory organs (162; C34) and cancer affecting the female
breast (174; C50.9). From the Swedish national register of
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causes of death, we extracted data on vital status and
causes of death up to June 1st, 2015.

Pulmonary Function Tests
Pulmonary function tests were performed at the patients’
local hospital. The European standards were requested.
The results of pulmonary function tests are expressed as
et al'®

analyzed

% of predicted values of Quanjer Pre-

bronchodilator ~ values  were because
a reversibility test with a bronchodilator was not always
consistently performed. Airflow obstruction was defined as
a FEV/FVC ratio below 0.70. The severity of airflow
obstruction was subdivided into four groups according to
the guidelines of the Global Initiative of Obstructive Lung
Disease (GOLD).'” The first reported FEV, measurement

at inclusion in the register was used as baseline value.

Ethical Considerations

The study was approved by the Lund University Regional
Ethical Review Board (2015/186). In accordance with
Swedish research regulations for register-based research,
individual patient consent on being included in a study
was not required. The patient data accessed complied with
relevant data protection and privacy regulations.

Statistical Analyses

Baseline data were tabulated using frequencies and per-
centages for categorical variables. To compare categorical
data, the y* -test and Fisher’s exact test were used. For
continuous data, means with standard deviation (SD) were
used when the distribution was normal, and median with
range was used in a non-normal distribution. Comparisons
of continuous variables with normal distribution were
analyzed using the parametric tests ANOVA and post
hoc Tukey, and the Kruskal-Wallis non-parametric test
was used for a non-normal distribution of the data.

The follow-up time was calculated from the date of
inclusion in the AATD register to the date of the first of the
following occurrences: lung transplantation, death or the
termination of the study on June 1st, 2016.

To investigate the annual decline in FEV, (AFEV,),
expressed as mL-yr ', the results of at least three spiro-
metry tests, with at least two-year intervals throughout the
whole follow-up time were analyzed by the same method
described and reported by us in a previous study.* Briefly,
the difference between the results of the individual’s last
and first reported FEV| measurement (in mL) in the reg-
ister was calculated, then divided by the time between the

measurements (in years) and analyzed by random-effects
modeling including the AFEV, as the dependent variable,
age at baseline, FEV at baseline and the follow-up time as
covariates and smoking habits, identification before the
age of 14 years, occupational exposure to airway irritants
and the presence of respiratory symptoms as fixed factors,
and the individual patients as random-effects factors.

In order to study the risk factors for having a diagnosis
of COPD we used a proportional hazards regression
model, including all subjects with the diagnosis of COPD
at study-end, as dichotomous dependent variable, and sex,
identification before the age of 14 years, smoking habits,
occupational exposure to airway irritants and respiratory
symptoms as covariates.

A p-value < 0.05 was considered statistically signifi-
Statistical
Statistical Package for the Social Sciences (SPSS), version
27.0 (IBM Corporation, Armonk, NY, USA).

cant. analyses were performed with the

Results

During the follow-up period, 1585 individuals with severe
AATD were included in the register. All individuals had
phenotype PiZZ or PiZNull. No subjects with phenotype
PiNulINull or other rare phenotypes with severe AATD
were included in the register. Of the 1585 AAT-deficient
subjects, 377 (24%) were identified by screening and
included in this study. Of these screened subjects, 240
(64%) were identified by family screening, 109 (29%) by
neonatal screening and 28 (7%) by any other screening (eg,
screening of school children, conscripts and blood donors).
The enrollment flow chart is presented in Figure 1.

The demographic data of individuals with severe
AATD identified by screening at inclusion are presented
in Table 1. Compared to the ever-smokers, the never-
smokers were significantly younger at inclusion, had better
lung function and a greater proportion of them was identi-
fied at an early age, ic before the age of 14, Table 1. The
proportion of asymptomatic subjects at inclusion was
higher among the never-smokers than among the ever-
smokers. Of the 156 ever-smoking individuals, 72 (46%)
had stopped smoking before the AATD diagnosis, 42
(27%) had stopped smoking after the AATD diagnosis
and 42 (27%) were still current smokers at inclusion in
the AATD Register. Of these 42 current-smokers, 19
(45%) stopped smoking during the follow-up. The median
time between the identification of AATD and the cessation
of smoking was 8.5 (range 0.03-25) years.
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Individuals with severe alpha-1-
antitrypsin deficiency (AATD) included
in the AATD register
n=1585

Individuals identified
due to liver and other
symptoms or

Individuals identified
due to respiratory
symptoms or diseases

Individuals identified by screening
n=377

n=671 diseases n=537

Never-smokers
n=221

Ever-smokers
n=156

|

| | l

Asymptomatic
n=177

Asymptomatic
n=91

Symptomatic
n=44

Symptomatic
n=65

Figure | The enrollment flow chart of the individuals included in the Swedish AATD register, stratified by the mode of identification. The subjects identified by screening
are subdivided by smoking habits and presence of respiratory symptoms or diagnoses at inclusion (symptomatic) or not (asymptomatic).

The diagnosis of COPD was more prevalent among the
ever-smokers than among the never-smokers. The prevalence
of asthma was similar among the ever- and never-smokers.

Among the subjects with respiratory symptoms without
any specific diagnosis, the following symptoms were
reported: dyspnea on exertion, attacks of dyspnea, phlegm,
and dry cough. The mean age at onset of respiratory
symptoms was 37 years (SD 14) in the ever-smokers and
48 years (SD 20) in the never-smokers. None of the
individuals included in the present study received regular
AAT augmentation therapy.

Occupation was known for 363 subjects (96%). Thirty-
nine percent of the study population had an occupation
with an increased risk of exposure to airway irritants with
no significant difference between the ever- and the never-
smokers, Table 1.

Baseline data for the study population stratified by smok-
ing habits are presented in Table 2. Both among the never- and
ever-smokers, the asymptomatic subjects were significantly
younger at identification of AATD and inclusion in the
AATD register. They also had better lung function than the
symptomatic subjects at inclusion, Table 2.

At inclusion, airflow obstruction with an FEV,/FVC
ratio <0.70 was more common among the ever-smokers
than among the never-smokers, Table 1. Also, some
asymptomatic subjects had airflow obstruction, Table 2.
Of the 82 subjects with airflow obstruction, 25 (31%) had
GOLD stage I, 28 (34%) GOLD stage 11, 20 (24%) GOLD
stage III and 9 (11%) GOLD stage IV.

Clinical Course During the Follow-Up

Period

During the follow-up period, 31 (12%) of the 268 asymp-
tomatic individuals developed COPD [9% (n=16) of the
never-smokers and 16% (n=15) of the ever-smokers;
p=0.105], and 18 (7%) individuals developed asthma
[8% (n=14) of the never-smokers and 4% (n=4) of the
ever-smokers; p=0.317]. Five patients with COPD under-
went lung transplantation during the follow-up.

Decline in Lung Function

Three or more pulmonary function tests were available for
275 individuals (73%). The mean AFEV, for the whole
study population was 47 (95% CI 42-51) mL-yr '. The
mean AFEV, was 42 (95% CI 36-47) mL-yr ' in the
never-smokers and 53 (95% CI 47-60) mL-yfl in the
ever-smokers (p=0.011).

Among the never-smokers, the difference in the AFEV,
was insignificant between the asymptomatic and the symp-
tomatic individuals [mean 40 (95% CI 34-45) vs 43 (95%
CI 32-54) mL-yr !, p=0.576]. Among the ever-smokers,
the asymptomatic subjects had a significantly lower mean
AFEV; than the symptomatic subjects [mean 39 (95% CI
27-50) vs 74 (95% CI 61-87) mL-yr ', p<0.001].

The mean AFEV in the individuals with occupational
exposure to airway irritants was 50 (95% CI 42—57) mL-yr ',
compared with 51 (95% CI 44-59) mL-yr ' in those without
such exposure (p=0.744).
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Table | Demographic Data for Individuals

AATD Register

with Severe Alpha-|-Antitrypsin Deficiency Identified by Screening at Inclusion in the

Characteristics All Never-Smokers Ever- P-value
n=377 n=221 Smokers
n=156

Men, n (%) 196 (52) 107 (48) 89 (57) 0.098
Mean (range) age at identification, yrs 24 (0-77) 18 (0-77) 32 (0-67) <0.001
Mean (range) age at inclusion, yrs 36 (18-78) 33 (18-78) 40 (19-70) <0.001
Asymptomatic at inclusion, n (%) 268 (71) 177 (80) 91 (58) <0.001
Mean (range) pack-years, n 9.5 (0.1-48) - 9.5 (0.1-48) -
Identification of AATD <14 yrs, n (%) 145 (38) 116 (52) 29 (19) <0.001
Mean (SD) FEV, (% predicted) 93 (24) 98 (18) 85 (28) <0.001
Mean (SD) FVC (% predicted) 92 (16) 94 (14) 90 (19) <0.001
Mean (SD) FEV,/FVC 76 (15) 8l (12) 70 (18) <0.001
Subjects with FEV,/FVC <0.70, n (%) 82 (22) 25 (1) 57 (37) <0.001
Diagnosis of COPD, n (%) 60 (16) 17 (8) 43 (28) <0.001
Asthma, n (%) 41 (1) 22 (10) 19 (12) 0.494
Respiratory symptoms, n (%) 8 (2) 5(Q) 3(2) 1.000
Occupational exposure, n (%)* 143/363 (39) 79/214 (37) 64/149 (43) 0.247
Median (range) follow-up time, yrs 18 (0-23) 18 (0-23) 17 (0-23) 0.188

Notes: *Occupation was known in 363 subjects (96%). Data are presented as frequency (percentage), mean (standard deviation, SD).
Abbreviations: n, number; yrs, years; L, liter; FEV, forced expiratory volume in | second; FVC, forced vital capacity; COPD, chronic obstructive pulmonary disease.

Table 2 Baseline Data of the Study Population Stratified by Smoking Habits and Presence of Respiratory Symptoms or Disease at

Inclusion
Characteristics Never-Smokers Ever-Smokers
n=221 n=156
Symptomatic | Asymptomatic | P-value | Symptomatic Asymptomatic P-value
n =44 n=177 n =65 n=9I
Men, n (%) 20 (45) 87 (49) 0.660 34 (52) 55 (60) 0.312
Mean (SD) age at identification, yrs 32 (28) 15 (19) <0.001 38 (16) 28 (19) <0.001
Identification <14 yrs of age, n (%) 15 (34) 101 (57) 0.003 5(8) 24 (26) 0.003
Mean (SD) age at inclusion, yrs 44 (20) 31 (12) <0.001 46 (12) 36 (13) <0.001
Median (range) pack-years, n - - - 12 (0.1-48) 4 (0.1-27) <0.001
Mean (SD) FEV, (% predicted) 85 (22) 102 (15) <0.001 63 (28) 101 (13) <0.001
Mean (SD) FVC (% predicted) 86 (15) 96 (13) <0.001 80 (21) 98 (12) <0.001
Mean (SD) FEV,/FVC 0.73 (0.2) 0.83 (0.1) <0.001 0.57 (0.2) 0.79 (0.1) <0.001
Subjects with FEV,/FVC <0.70, n (%) | 15 (34) 10 (6) <0.001 45 (69) 12 (13) <0.001
Median (range) follow-up, yrs 17 (0-22) 19 (0-23) 0.099 15 (0-23) 18 (1-23) 0.035
Note: Data are presented as frequency (percentage), mean (standard deviation, SD).
Abbreviations: n, number; yrs, years; L, liter; FEV), forced expiratory volume in | second; FVC, forced vital capacity.
International Journal of Chronic Obstructive Pulmonary Disease 2022:17 https: 47
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Table 3 Characteristics of the Study Population at Inclusion Stratified by the Age at Identification (Before vs After 14 Years)

Characteristics Identified < 14 Years Identified > 14 Years P-value
(n=145) (n=232)
Men, n (%) 67 (46) 129 (56) 0.076
Mean (SD) age at inclusion, yrs 24 (4) 44 (14) <0.001
Never smokers, n (%) 116 (80) 105 (45) <0.001
Asymptomatic at inclusion, n (%) 125 (86) 143 (62) <0.001
Median (range) follow-up time, yrs 19 (0-23) 16 (0-23) <0.001
Mean (SD) FEV, (% predicted) 101 (14) 87 (27) <0.001
Mean AFEV, (95% ClI) mLyr ™' 33 (24-42) 55 (49-62) <0.001
Diagnosis of COPD, n (%) I (1) 59 (25) <0.001
Asthma, n (%) 18 (12) 23 (10) 0.448
Occupational exposure, n (%)* 55/141 (39) 88/222 (40) 0.904

Notes: *Occupation was known in 363 subjects (96%). Data are presented as frequency (percentage), mean (standard deviation, SD).
Abbreviations: n, number; yrs, years; mL, milliliter; FEV, forced expiratory volume in | second; COPD, chronic obstructive pulmonary disease.

Subjects Identified Before the Age of 14

Years

Thirty-eight percent (n=145) of the study population had
been identified at or before the age of 14 years. Compared
to the individuals identified after the age of 14 years, the
individuals identified before the age of 14 years had sig-
nificantly better lung function and a greater proportion of
them were never smokers and asymptomatic, Table 3.

Risk Factors for COPD

In the multivariate analysis, including 102 individuals with
a diagnosis of COPD at study-end, the identification of
AATD at an age older than 14 years and the presence of
respiratory symptoms or diseases were the significant risk
factors for having a diagnosis of COPD, while sex, smok-
ing habits and occupational exposure to airway irritants
were not significant, Table 4.

Liver Disease and Other Diseases

None of the individuals had any liver disease at inclusion.
Fifteen (4%) of the 337 individuals developed liver disease
during the follow-up: 5% (n=8) of the ever-smokers and
3% (n=7) of the never-smokers, p=0.424. None of them
underwent liver transplantation.

At inclusion, diabetes mellitus was reported in two
(0.5%) individuals, one never smoker (0.6%) and one
ever-smoker (0.5%), p=1.000. During the follow-up dia-
betes mellitus was diagnosed in 9 other individuals (2%),
without any significant difference between ever- [n=6,
(4%)] and never-smokers [n=5, (2%)], p=0.373.

Hyperlipidemia was reported in five (1%) individuals at
inclusion [four ever-smokers (2.6%) and one never-smoker
(0.5%), p=0.172], and occurred in 12 (3%) other subjects
during follow up, resulting in a total number of 17 (5%), ten
ever-smokers (6%) and seven never-smokers (3%), p=0.206.

Table 4 Multivariate Analysis of Risk Factors for Having a Diagnosis of COPD (Chronic Obstructive Pulmonary Disease) at Study-End

COPD
Variables Hazard Ratio (95% CI) P-value
Women vs Men 1.35 (0.88-2.09) 0.174
Age >14 years vs Age < 14 years 9.21 (2.79-30.38) <0.001
Ever- vs Never-smokers 1.23 (0.69-1.83) 0.636
Symptomatic vs asymptomatic 4.79 (2.96-7.73) <0.001
Occupational exposure, no vs yes 1.15 (0.74-1.79) 0.535

Abbreviations: HR, hazard ratio; Cl, confidence interval.
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The corresponding figures for hypertension were four
(1%) at inclusion [two ever-smokers (1%) and two never-
smokers (1%), p=1.000], and occurred in 41 (11%) other
subjects, resulting in a total of 45 (12%) subjects with
hypertension [27 ever-smokers (17%) and 18 never-
smokers (8%), p=0.009].

Twelve subjects (3%) developed ischemic heart disease
during the follow-up, without any significant differences
between the ever- [n=8, (5%)] and the never-smokers
[n=4, (2%)], p=0.081. Twenty subjects (5%) developed
heart failure during the follow-up, eleven (5%) ever-
smokers and nine (4%) never-smokers, p=0.247.

None of the individuals had any diagnosis of cancer at
inclusion. One individual (0.3%) developed urogenital
cancer during follow-up.

Deaths and Causes of Death

Death occurred for 45 individuals, 32 (21%) deaths among
the ever-smokers and 13 (6%) deaths among the never-
smokers (p<0.001), Table 5. The never-smoking individuals
had significantly better survival than the ever-smoking indi-
viduals (p<0.001). Since only a small number of deaths
occurred, the median survival time could not be calculated.
The 10-year, 15-year and 20-year survival rates were signifi-
cantly higher for the never-smokers compared with the ever-
smokers; 0.97 (95% CI 0.95-0.99), 0.95 (95% CI 0.92-0.98)
and 0.92 (95% CI 0.87-0.97), respectively, compared with
0.89 (95% CI 0.84-0.94), 0.82 (95% CI1 0.75-0.89) and 0.71
(95% CI 0.62—0.80) for the ever-smokers.

The main causes of death are presented in Table 5.
Cardiac causes were the most common causes of death and
were present in all patient categories. None of the asymp-
tomatic subjects died of respiratory disease. Malignancy
was a cause of death only in the ever-smokers. No deaths
were due to hepatocellular cancer.

Discussion

The main findings in our study are that never-smokers with
severe AATD, who were identified by screening, have
better lung function, a lower rate of lung function decline,
and better
Furthermore, the individuals diagnosed at an early age

survival compared with ever-smokers.
(ie < 14 years) are more often never-smokers, have better
lung function, and a lower lung function decline than the
subjects identified after the age of 14 years. These findings
support the importance of early identification of AAT
deficiency, before the assumed smoking debut, in order
to improve the prognosis, by promoting early lifestyle
options and preventive measures such as abstaining from
smoking.

Besides the diagnosis of COPD, we found a relatively
high prevalence of asthma (11%) in these AAT-deficient
individuals identified by screening. Many young and
with

obstruction may be misdiagnosed as having asthma rather

never-smoking AAT-deficient patients airways
than COPD. Previously published studies have also indi-
cated that signs and symptoms of asthma are common in
AAT-deficient individuals, and asthma is often diagnosed
as the first manifestation of AATD.'”° The neutrophil
inflammation affecting the small airways and causing early
asthma-like symptoms that later develop into chronic air-
way obstruction is another possible explanation for the
high prevalence of asthma.'”?° Our results show that it
is important to screen patients with asthma for AATD.
Early diagnosis and treatment of asthma may also prevent
the development of chronic airway obstruction.”'
Thirty-nine percent of the individuals identified before
the age of 14 years reported occupations with exposure to
airway irritants. This finding suggests that there is a need
for more information and instruction at an early age not

Table 5 Main Causes of Death in the 45 Individuals Who Had Been Identified by Screening

Never-Smokers n=13 Ever-Smokers n=32
Deaths, n (%) All n=45 (100) Symptomatic, Asymptomatic, Symptomatic, Asymptomatic,
n=10 (77) n=3 (23) n=23 (72) n=9 (28)
Causes of death
Respiratory, n (%) 11 (24) 2 (15) - 9 (28) -
Hepatic, n (%) 3(7) 2 (15) - - I (3)
Neoplastic, n (%) 3() - - I 3) 2 (6)
Cardiac, n (%) 13 (29) 4 (1) 2 (15) 5(l6) 2 (6)
Cerebrovascular, n (%) 4 (9) - 1 (8) 2 (6) 1 (3)
Other?, n (%) 11 (24) 2 (15) 6 (19) 309
Note: *‘Other” includes shock, sepsis, drowning, ill-defined and unknown cause.
International Journal of Chronic Obstructive Pulmonary Disease 2022:17 https: 49
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only concerning smoking but also concerning choice of
occupation.

Hypertension and ischemic heart disease were more
common among ever-smokers than never-smokers.
Cigarette smoking is a risk factor for developing cardio-
vascular disease, mainly because of the adverse effects on
the vascular endothelium.”* Most of these AAT-deficient
individuals identified by screening were never-smokers
(59%) and a majority (85%) of the ever-smokers had
quitted smoking after the diagnosis of AAT-deficiency or
after inclusion in the Register. Carpenter et al have studied
the impact of knowledge of genetic status (severe AATD)
on health behavior changes and found that smokers who
learned that they were AAT-deficient took definite actions
toward quitting smoking.”> We chose the age of 14 years
as a cut-off because according to a WHO report, in
Sweden, 4% of the boys and 5% of the girls aged 13
years, and 18% of the boys and 24% of the girls aged 15
years report smoking at least weekly.”* Thus, at the age of
14 years, many teenagers have already started smoking.

Since the 1970’s, the question of general screening for
AATD has been debated as a method of improving health
status and preventing lung disease in individuals with
AATD. A combination with other, routine neonatal screen-
ing for metabolic diseases would be an option. The most
notable screening is the Swedish neonatal screening study,
which was carried out during the 2-year period 1972-74,
when all 200,000 new-born children were screened for
AAT deficiency. This
a better knowledge of the natural history of this disorder

screening has contributed to

during childhood and early adulthood. The anti-smoking
advice that was given to the adolescents, was successful
and has prevented the majority of them from starting to
smoke.”>*® According to current guidelines, population
screening of neonates, adolescents or adults is not
recommended.” An exception may be made in countries
with a high prevalence of AATD (ie, > 1/1500) and smok-
ing and where adequate counselling services are
available.” Because for many AAT-deficient adults, the
identification is made too late to prevent COPD develop-
ment, it would be reasonable that the screening is recom-
mended in early adolescence before these young
adolescents may be inclined to start smoking and when
they are competent enough to understand and participate in
the decision to undergo screening. Holme et al have
recommended screening to be done in the 20’s for never
smoking individuals, and the teenagers for smokers. The

authors found that deviation of health status, gas transfer

and computed tomography (CT) densitometry began
before the age of 16 in ever-smokers and before the age
of 30 in never-smokers. These findings suggest that patho-
logical changes and the onset of clinical symptoms occur
several years before the decrease in lung function
parameters.”’ Other studies have recommended that the
genetic testing for conditions with adult-onset should be
accepted only if preventive actions can be initiated before
adulthood.”®*’ It is well known that in AAT-deficient
individuals, lung disease is caused by smoking that is
initiated often in adolescence, while the disease, COPD,
develops in adulthood. Therefore, screening at an early age
should decrease the risk of developing lung disease in
AAT-deficient individuals.

Strengths and Limitations

Important strengths in the present study are the large study
population of PiZZ individuals identified by screening, the
majority of them being never-smokers and asymptomatic,
ie without any respiratory symptoms at inclusion and the
long follow-up time of up to 18 years. In all subjects, the
Pi phenotyping was confirmed at a central, certified
laboratory.

One limitation in our study was that the lung function
tests were performed at different hospitals throughout
Sweden, which could imply use of different spirographs
and different calibration modalities. A second limitation
was that we only analyzed pre-bronchodilator values of
pulmonary function tests because reversibility tests were
not available in all cases. A third limitation was that we
used the FEV/FVC ratio <0.70 as definition of airflow
obstruction in stead of the lower limit of normal (LLN).
The study population being relatively young at inclusion in
the Register, we cannot exclude that the proportion of
subjects with airflow obstruction was underestimated.
A fourth limitation was that the PiZZ subjects included
in the AAT deficiency register are not a random sample of
PiZZ subjects in Sweden, even if the detection rate is high
in Sweden 25-30% and a high proportion of individuals
included in the register are identified by screening or for
reasons other than respiratory disease or symptoms.

Conclusions

Never-smoking individuals with severe AATD identified
by screening have better lung function, fewer symptoms
and better survival compared with the ever-smokers.
Diagnosing AATD at an early age, before the potential

5 o https:
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smoking debut, is important in order to prevent smoking

and the occurrence of lung disease.
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