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Background: The clinical course of alpha-1 antitrypsin deficiency (AATD) is very
heterogeneous. It is estimated that 60% of individuals with severe AATD (Pi*ZZ) develop
emphysema. The main objective of this study was to describe the outcomes of long-term lung
function in individuals with AATD-associated emphysema after at least 8 years of follow-up.
Materials and methods: We performed a retrospective analysis of longitudinal follow-up
data of AATD PiZZ patients from the Spanish registry (AATD Spanish Registry [REDAAT]).
The main follow-up outcome was the annual rate of decline in forced expiratory volume in
1 second (FEV ) calculated using the FEV | values at baseline and in the last post-bronchodilator
spirometry available.

Results: One hundred and twenty-two AATD PiZZ patients were analyzed. The median follow-up was
11 years (interquartile range =9-14). The mean FEV, decline was 28 mL/year (SD=54), with a median
of 33 mL/year. Tobacco consumption (=19.8, p<<0.001), previous pneumonia (=27.8, p=0.026) and
higher baseline FEV % ($=0.798, p=0.016) were independently related to a faster FEV | decline.
Conclusion: In this large cohort with a long follow-up, we observed a very variable decline
of FEV . However, the mean FEV | decline was similar to that observed in large cohorts of
smoking-related COPD. Tobacco consumption, previous pneumonia and better lung function
at baseline were related to a faster decline in FEV . These results highlight the importance of
early diagnosis and effective treatment.
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Introduction

Alpha-1 antitrypsin deficiency (AATD) is the most frequent hereditary condition in
adults and is associated with an increased risk of pulmonary emphysema and liver
disease. Alpha-1 antitrypsin is a highly pleomorphic glycoprotein belonging to the
serpin superfamily, with >100 varieties and with antiprotease function, especially
anti-neutrophil elastase, being its main characteristic.!

More than 90% of the population have a normal allele called PI*M. The most
frequent deficient allelic variants are PI*S and PI*Z, which are responsible for the
production of abnormal proteins that polymerize within the hepatocytes; thus, the
plasma levels of these proteins are markedly reduced in subjects who are carriers of
at least one, and especially two, Z deficiency alleles.>*

Pi*ZZ is the most frequent genotype associated with poor pulmonary and hepatic
prognosis. AATD is the main genetic factor contributing to the development of pulmo-
nary emphysema in adults, as the absence of alpha-1 antitrypsin causes an imbalance
favoring proteases, which cause tissue damage.*
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The evolution of emphysema due to AATD in clinical
terms and life expectancy are both directly related to the
accelerated loss of forced expiratory volume in 1 second
(FEV)), and it has been described that the decline in lung
function is faster in COPD patients with AATD compared to
those without AATD.>7 However, the clinical and functional
impact of AATD is not homogeneous in all individuals, and
the studies in the literature include very diverse populations
with different and usually short follow-up periods. The aim of
this study was to describe the long-term functional evolution
of individuals with AATD after at least 8 years of follow-up
based on the Spanish registry of AATD.

Materials and methods
Study design

This was a retrospective analysis of longitudinal follow-up data
of individuals with AATD under real-life management in Spain.
The patients included in the analysis were selected from the
Spanish registry of individuals with AATD (REDAAT). The
REDAAT was established in 1992 and includes patients with
severe AATD (Pi*ZZ, Pi*SZ and carriers of rare deficient vari-
ants) with and without augmentation therapy from 153 centers
in Spain.?? Clinical and spirometric data from the follow-up
of registered individuals are included in this registry.

This study included individuals with the following:
1) severe AATD, demonstrated by serum AATD
levels <50 mg/dL (2.8 mmol/L) with the Pi*ZZ phenotype
and 2) at least two post-bronchodilator spirometries available
over a period of no less than 8 years. The exclusion criteria
were the presence of other deficient phenotypes, such as
Pi*SZ, carriers of rare deficient variants and patients who had
undergone lung transplant or lung volume reduction surgery.
The study was done in accordance with the principles of the
Declaration of Helsinki, the guidelines for good practice in
epidemiological research and local regulations for the use
of study databases. All patients provided written informed
consent prior to inclusion in the REDAAT, and were followed
with clinical visits every 6 or 12 months and were treated at
the discretion of their attending physician.

Study variables

Sociodemographic, anthropometric, clinical (phenotype, age
of diagnosis, year of onset of symptoms, comorbidities and
treatments) and lung function data were collected at baseline.
Lung function tests were performed in tertiary hospitals by
respiratory technicians according to standardized recommen-
dations and national guidelines.'° Repeated measurements for
each patient were always performed in the same center.

The yearly post-bronchodilator FEV, decline in mL/year
was the main outcome of the study and was calculated as
((final FEV | (mL) — baseline FEV, (mL)/months of follow

up) x12)).

Data management and statistical analysis
REDAAT can be accessed through its web page (www.
redaat.es). The data obtained were included anonymously in
a database in Access format, and the quality was checked, as
was the frequency of absent data.’

The frequency and valid percentage of the qualitative
variables were determined. Regarding the quantitative vari-
ables, measurements of central tendency and dispersion were
used (mean and SD).

The decline in FEV, (mL/year) was transformed into a
qualitative variable according to quartile values. In the case
of quantitative variables, comparisons of patient character-
istics according to FEV decline quartiles were carried out
with the use of the analysis of variance (Kruskal-Wallis if
normality was not assumed) with linear trend analysis. The
chi-squared test (Fisher’s test for frequencies <5) was used
for comparison of categorical variables with the Kendall’s
Tau linear trend test.

A multivariate analysis was performed using a back
stepwise linear regression model in order to identify the
variables related to FEV, decline (mL/year). Relevant clini-
cal variables with a p-value <0.2 in the univariate analysis
with outcome were included as independent variables in the
stepwise models.

For all the tests, a difference with a p-value <0.05 was
determined to be significant. The statistical package SPSS
(V 23) was used.

Results
A total of 650 AATD individuals were registered in
the REDAAT in 2016, with 10% corresponding to
individuals <18 years old. Among the adult cohort, 450 were
Pi*ZZ (75%), and of them, 122 Pi*ZZ (27% of the adult
Pi*ZZ individuals) had at least 8 years of follow-up data on
Iung function on record and were included in this analysis.
Individuals with 8 years or more of follow-up had a
mean age of 61.6 (16.2) years at baseline; 76 (58.5%) were
men and 8§ (6.2%) were current smokers. The mean age at
diagnosis was 54.2 (11.2) years, and the age at the onset of
symptoms was 38.6 years (SD=12.2). The most common
clinical presentation was emphysema (83.1%, n=108),
and the mean baseline FEV % was 60.8% (SD=30.6%).
A previous episode of pneumonia had been presented by
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30.8% (n=40). Long-term oxygen therapy was used by 16%
(n=21), and 59.2% of patients (n=77) received augmentation
therapy (Table 1).

Patients with 8 years or more of follow-up were similar
in terms of sociodemographic or/and clinical variables to
those with a shorter follow-up. Nevertheless, individuals
with >8 years of follow-up were older at diagnosis, compared
to those with <8 years of follow-up (54.2 [11.2] vs 50 [11.7]
years; p=0.002). They also presented a higher frequency of
emphysema (83% vs 60.4%; p<<0.001) and bronchiectasis
(44% vs 34%; p<<0.001) a lower FEV % (60.8 [30.6] vs
67.5[35.3]; p=0.001), and more frequently received respira-
tory treatment (84% vs 63%; p<<0.001) compared to those
with <8 years of follow-up (Table 1).

Follow-up and evolution of lung function
The median length of follow-up of the study group was 11
(interquartile range =9—14) years, and 30 (23.1%) patients
died.

The mean decline in FEV was 28 mL/year (SD=54) and
the median was 33 mL/year (interquartile range =8-55).
When FEV decline was transformed into an ordinal variable
according to quartile values, individuals corresponding to
the fourth quartile lost a mean of 83.5 mL/year (SD=32.3),
in contrast to some patients in whom FEV  improved dur-
ing follow-up (quartile 1) with a mean improvement of
35.1 mL/year (SD=20.7), as shown in Figure 1.

Table 2 shows the baseline characteristics according to
quartiles of FEV | decline. Linear trends were observed in
lung function variables, and thus, patients having faster FEV|
decline (quartile 4) presented a more preserved lung func-
tion at baseline. No differences were found in other clinical
variables according to quartiles of FEV decline.

Variables related to FEVI decline

on multivariate analysis
In the multivariate analysis, tobacco consumption (3=19.8,
p=0.001), previous pneumonia (f=27.9, p=0.026) and higher

Table | Baseline characteristics of PI*ZZ individuals registered in REDAAT (N=450)

Variable Individuals with lung Individuals without lung p-values
function follow-up, n=122 function follow-up, n=328

Age (years) 61.6 (10) 52.2 (16.2) 0.001
Sex (male) 68 (58) 124 (38.3) 0.241
BMI (kg/m?) 25.3 (4.3) 25.1 (4.6) 0.515
Tobacco consumption

Never smokers 21 (16.2) 65 (19.8) 0.562

Current smokers 8 (6.2) 28 (8.7)

Former smokers 101 (77.7) 234 (71.5)

Pack/year 258 (17.4) 27 (20)
Age at diagnosis (years) 54.2 (11.2) 50 (11.7) 0.002
Diagnosis cause

Pulmonary disease 95 (73.1) 196 (60) 0.005

Family screening 27 (20.8) 62 (18.8)

Age at onset of symptoms 38.6 (12.2) 35.3 (16.2) 0.012
Clinical presentation

Emphysema 108 (83.1) 198 (60.4) <0.001

Chronic bronchitis 58 (44.6) 111 (34.2) 0.044

Bronchiectasis 55 (42.3) 71 (21.6) <0.001

Asthma 26 (20) 62 (19.8) 0.976

Other 16 (12.3) 36 (11.3) 0.960
Previous pneumonia 40 (30.8) 72 (22.1) 0.064
Baseline FVC (L) 3.23(1.2) 3.55(1.2) 0.044
Baseline FVC (%) 70.5 (22) 71.8 (25) 0.035
Baseline FEV (L) 1.87 (0.9) 2.26 (1.2) 0.001
Baseline FEV (%) 60.8 (30.6) 67.5 (35.3) 0.001
Respiratory treatment 109 (83.8) 206 (63) <0.001
LTOT 21 (16.2) 36 (11.8) 0.278
Augmentation therapy 77 (59.2) 82 (25.3) <0.001
Length of follow-up (years) 12.3 (4.2) 3.5(3.7) <0.001

Notes: Data are expressed as mean (SD) or n (%). Values in bold indicate statistically significant.
Abbreviations: FEV , forced expiratory volume in the first second; FVC, forced vital capacity; LTOT, long-term oxygen therapy; REDAAT, Alpha-I Antitrypsin Deficiency

Spanish Registry.
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Figure | Mean FEV, decline according to quartiles of decline (n=122).
Abbreviations: FEVI, forced expiratory volume in the first second; Q, quartile.

baseline FEV % (3=0.798, p=0.010) were independently
related to faster FEV | decline (Table 3).

Discussion

Our study showed a great variability in the annual rate of
decline in FEV in patients with severe AATD followed
for >8 years. The analysis showed that tobacco consumption,
previous pneumonia and more preserved lung function at

baseline were independently related to a more rapid decline
in FEV, in patients with AATD.

The REDAAT was founded in 1992 with the aim of
increasing the scientific knowledge about the natural his-
tory of this deficiency and its treatment through basic and
clinical research, to raise awareness about the deficiency and
to provide support for the diagnosis of the AATD through
phenotyping and genotyping.®*'' The REDAAT currently
includes >650 AATD patients, and prospective analysis
of the data from REDAAT has helped to understand the
clinical evolution and epidemiology of AATD in Spain.”*!?
Previous studies investigating the natural course of lung
function have usually followed patients for shorter periods.
One of the largest follow-up studies derived from the Danish
AATD Registry included 347 PI*ZZ individuals with a
median follow-up of 6 years. The authors of this study found
that a lower baseline FEV, was an independent predictor of
mortality, but this study did not analyze changes in FEV,
during follow-up." The American Registry of AATD fol-
lowed patients over a mean of 5 years and observed a mean
decline in FEV, of 54 mL/year. This decline was increased
in males, patients aged 30—44 years, active smokers and
those with baseline FEV | values between 35% and 79%."
More recently, a marked variation in individual rates of

Table 2 Baseline characteristics according to quartiles of FEV| decline (n=122)

Variable Ql, n=30 Q2, n=30 Q3, n=31 Q4, n=31 p-value
Age at diagnosis (years) 47.6 (14.5) 45.4 (10) 46.8 (12) 45.3 (9.8) 0.849
Sex (male) 20 (68.7) 14 (46.7) 13 (40.6) 21 (70) 0.051
BMI (kg/cm?) 245 (4.1) 26.2 (5.4) 25.7 (4.5) 25.4 (3.7) 0.762
Tobacco consumption

Never smokers 5(16.7) 4(13.3) 5(15.6) 7 (23.3) 0.325

Current smokers 0 1(3.3) 3 (84) 4(13.3) 0.961

Former smokers 25 (83.3) 25 (83.3) 24 (75) 19 (63.3)

Pack/year 27.3 (18.7) 23.5(14.2) 26.3 (19.4) 24.2 (14.4)
Clinical presentation

Emphysema 25 (83.3) 25 (83.3) 4 (75) 26 (86.7) 0.665

Chronic bronchitis 18 (60) 10 (33.3) 11 (34.4) 15 (50) 0.105

Bronchiectasis 17 (56.7) 14 (46.7) 10 (31.3) 13 (43.3) 0.246

Asthma 5(16.7) 7 (23.3) 6 (18.8) 6 (20) 0.931
Previous pneumonia 9 (30) 7 (23.3) 12 (37.5) 9 (30) 0.688
Baseline FVC (L) 3.034 (1.0) 2.941 (0.9) 3.223 (L.1) 3.904 (1.1) 0.025
Baseline FVC (%) 67.4 (18.7) 69.2 (22.0) 71.2 (20.1) 722 (18.2) 0.044
Baseline FEV (L) 1.645 (1.1) 1.610 (0.7) 1.998 (0.9) 2.331 (0.8) 0.002*
Baseline FEV (%) 52 (28.3) 56.2 (25.1) 60.2 (29.3) 62.6 (32.1) 0.023*
Respiratory treatment 25 (83.3) 27 (90) 24 (75) 27 (90) 0.857
LTOT 2(6.7) 6 (20) 6 (18.8) 5(l6.7) 0.470
Augmentation therapy 18 (60) 21 (70) 13 (40) 19 (63.3) 0.205
Length of follow-up (years) 10.4 (5) 11 (6.2) 12.8 (7.8) 14.3 (5.1) 0.089
A FEV, year (mL/year) 35.1 (20.7) -21.1 (8.22) —42.8 (7.1) —83.5 (32.3) <0.001

Notes: *Linear trend <0.05. Values in bold indicate statistically significant.
Abbreviations: BMI, body mass index; FEV , forced expiratory volume in the first second; FVC, forced vital capacity; LTOT, long-term oxygen therapy; Q, quartile.
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Table 3 Unadjusted and adjusted linear regression model for AFEV, (mL/year)

Variable Unadjusted p-values 95% ClI Adjusted beta p-values 95% ClI
beta coefficient coefficient

Age at inclusion (years) 0.150 0.724 —1.005 to 0.701

Age of diagnosis (years) 0.170 0.665 0.443-0.667

Sex (male) 2.088 0.835 —17.7 t0 21.90

BMI (kg/m?) 0.369 0.324 —1.9 to 2.6l

Current and former smoker 22.5 0.038 1.320-43.7 19.8 0.001 10.7-29.5

Asthma -10.7 0.389 —35.41t0 13.9

Emphysema =29 0.825 —28.4t0 22.7

Chronic bronchitis -2.11 0.833 -219to0 17.7

Bronchiectasis -133 0.181 -329t0 6.3

Previous pneumonia 9.462 0.099 —11.852 to 30.8 27.90 0.026 3.44-52.3

Baseline FEV (%) -1.92 0.092 —0.5t0 0.129 0.798 0.010 0.157-0.939

Respiratory treatment 204 0.134 —6.4 to 47.3

LTOT 17.8 0.193 —9.1 to 44.7

Augmentation therapy —4.2 0.675 —242to 15.7

Note: Values in bold indicate statistically significant.

Abbreviations: BMI, body mass index; FEV, forced expiratory volume in the first second; LTOT, long-term oxygen therapy.

FEV, decline was also found in a 3-year follow-up of AATD
patients from the UK. These data indicate that physiological
decline differs among subjects at all stages of lung function
impairment for both index and non-index patients as well as
for never smokers and ex-smokers. "

Previous data derived from the REDAAT observed a mean
decline of 26.9 mL/year ranging from —101 to +106.4 mL/
year over a mean follow-up of 5 years.” Similarly, our cur-
rent analysis on long-term lung function data with a median
follow-up of 11 years found a mean FEV | decline of 28 mL/
year with a great variability, and FEV, even improved in
some patients during this long follow-up. This heteroge-
neous progression in lung function has also been observed
in COPD cohorts. For instance, in the ECLIPSE study, the
mean rate of decline in FEV, was 33 mL/year with a large
between-patient SD (59 mL/year).!° In a longitudinal analysis
reported by Casanova et al, the decline in FEV | also ranged
between 38 and 86 mL/year.!” In a recent study performed
in 607 COPD patients, a similar range of FEV decline of
between 26 and 78 mL/year was reported. Despite the pro-
gressive nature of emphysema, all these studies described an
unexpectedly large number of patients showing improvement
in FEV, over time.'® This improvement could be explained
by random variation or by the potential effects of respiratory
treatment in some patients. In fact, the mean decline observed
in our study is very similar to that observed in non-deficient,
smoking-related COPD. This is not surprising because most
of our patients were not smoking anymore and were treated
in reference respiratory clinics with up-to-date respiratory
medications, and even a significant number were receiving
intravenous augmentation therapy with AATD.

In this study, it was found that a better preserved lung
function at baseline, previous pneumonia and smoking were
related to a faster decline in FEV . These findings concur
with previous AATD cohort studies. Dawkins et al observed
that the greatest FEV decline occurred in the group with
moderate severity (FEV =50%-80% predicted) compared
with patients with very severe decrease. However, the
annual decline in transfer coefficient of the lung for carbon
monoxide was greatest in patients with severe and very
severe disease.!’

There are a few studies on the impact of pneumonia on
the evolution of lung disease in AATD. The prevalence of
previous pneumonia found in our cohort (31%) was similar
to that observed in the American AATD Registry analysis,
which was 32%.%° In another analysis based on AATD
patients from the REDAAT data, pneumonia was associated
with a lower FEV ,” and this relationship was also observed
in non-AATD-associated COPD.?!

Studies in COPD patients have described the impact of
pneumonia on the deterioration of lung function. In a recent
study by Koskela et al, a previous episode of pneumonia
increased the risk of being a rapid FEV, decliner.'® Respira-
tory infections, in general, may modulate the deterioration
of lung function over time. In this line, the study performed
by Dransfield et al observed that exacerbations were asso-
ciated with an excess FEV | decline, in particular, in mild
COPD, in which each exacerbation was associated with an
additional decline of 23 mL/year and each severe exacerba-
tion was associated with an additional decline of 87 mL/year.
Statistically significant but smaller effects were observed in
more severe COPD patients.? It has long been theorized that
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the increased burden of neutrophil elastase associated with
pulmonary infections may lead to increased lung destruction
in patients with compromised antiprotease defenses.?

In this study, 6% of AATD individuals were current
smokers and 78% were former smokers. Similar prevalences
were observed in the Alpha One International Registry** and
in the Danish Registry."® These two studies reported that
the prevalence of current smokers among AATD individu-
als was lower compared with that found in COPD cohorts,
being around 20%—25%.%¢ This suggests that AATD indi-
viduals are amenable to smoking cessation at the time of
AATD diagnosis and indicates how successful antismoking
programs could be in this population. Indeed, these programs
are essential in these patients due to the impact of smoking
on the natural history of lung disease in AATD.?’

A total of 60% of the PI*ZZ patients included in the
study were receiving augmentation therapy. Several studies
have shown that augmentation treatment can slow the rate
of decline of lung function,'**® reduce the loss of lung tissue
and the progression of emphysema?*** and may increase the
survival of patients with AATD.!* The results of this study,
however, did not show any significant difference in the rate
of decline of FEV | according to whether the patients received
augmentation treatment. In relation to treatment, it is of note
that the decision to prescribe augmentation treatment is made
by the physician depending on the severity and the prognosis
of each patient, leading to an indication bias, with this type
of treatment being preferentially prescribed to more severe
patients or faster decliners.?!

Our study has several limitations. It is important to take
into account that the REDAAT is not a population-based
study, and our findings may not be generalizable to the
universe of individuals with severe AATD. Our study is
also limited by the collection of spirometry at only two time
points. Although analysis of FEV, decline has traditionally
relied on more frequent collection of data, in large studies
such as the Lung Health Study, the slopes of FEV | decline
estimated with the results of five annual tests did not differ
from those measured at only two time points.*? The method
of initial and final FEV measurements was also used for the
main outcome calculation in a clinical trial with intravenous
AATD.? Stockley et al observed that the slope of decline
calculated with a few data points was a good predictor of
long-term lung function decline.! Although the quality of
spirometry was not formally evaluated, all measurements
were conducted in reference hospitals by trained and certified
staff following national/international guidelines.!’

Conclusion

Our findings provide valuable information about the natural
history of AATD and suggest that tobacco consumption,
pneumonia and better lung function at baseline have poten-
tial predictive values for the detection of rapid deterioration
of the lung function in affected individuals. Future clinical
studies are needed to fully understand the factors associated
with accelerated decline in FEV | and to provide personalized
treatment to high-risk individuals. In this line, genetic studies
of rapid decliners might unveil new insights into the underly-
ing mechanisms of disease progression in AATD.**
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