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Background: It is known that lung function decline in Alpha-1 Antitrypsin Deficiency 
(AATD) varies. Those with a rapid decline are at highest risk of poorer outcomes but may 
benefit most from targeted treatments including augmentation therapy. Current evidence 
suggests rapid decliners can be identified after 3 years of serial follow-up. It would be 
advantageous to identify these patients over a shorter time period, especially in mild disease.
Methods: Post-bronchodilator spirometry was performed every 6 months for a total of 18 
months (4 measurements) by PiZZ AATD patients (ex- or never-smokers) either without 
spirometric COPD or with mild COPD. Where possible, retrospective spirometry data were 
included. Decline was assessed using 2 (baseline and 6 month) or four measurements 
(including baseline, 6, 12 and 18 months) and compared to retrospective decline rates 
using annual measurements over 3 years.
Results: Seventy-two PiZZ AATD patients were included, with 27 having at least three 
years of retrospective, annual spirometry. 18-month progression obtained by linear regression 
showed variable degrees of change with 29 showing no decline, 8 showing slow decline and 
35 showing rapid decline. Bland-Altman plots showed that there was no overall agreement 
between predicted rate of decline using data obtained over 6 months and that obtained over 
18 months. Furthermore, there was no agreement between rate of decline from either 6 or 18 
months’ data when compared to data collected over 3 years. The positive predictive value for 
rapid decline with 18 months of data compared to 3 years was only 50.0%.
Conclusion: This study suggests serial lung function over 18 months cannot identify AATD 
patients who have rapidly declining lung function. There is an urgent need for different 
biomarkers to help identify these patients at the earliest opportunity.
Keywords: lung function, decline, obstructive airways disease, alpha-1 antitrypsin 
deficiency

Plain Language Summary
Alpha-1 Anti-trypsin Deficiency is a highly variable lung disease. Some patients with Alpha- 
1 Antitrypsin Deficiency can experience a rapid decline in their lung health and some 
patients can remain stable and well. It is important to identify those who have rapidly 
deteriorating lung health, so treatments can be focused to prevent significant lung damage. 
Currently, this is achieved using breathing tests repeated annually each year for at least 3 
years, meaning there is no quick means to identify those “high risk” rapid-declining patients.

This study sought to assess if performing breathing tests more frequently (every 6 
months), over a shorter period of time (up to 18 months, providing 4 measurements) was 
as accurate as assessing the same patients over 3 years. Sadly, it was not. The measurements 
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over 18 months could not identify rapid declining patients accu
rately. This study suggests we need new tools to identify these 
patients in a more timely manner.

Introduction
Alpha-1 antitrypsin deficiency (AATD) is a widely recog
nised genetic defect that predisposes to serine proteinase- 
induced lung disease, classically associated with basal 
panacinar emphysema. The clinical features develop at 
an earlier age than usual (non-AATD) emphysema and 
are accelerated by smoking.1 Because the deficiency 
explains the pathophysiology of the disease,2 augmenta
tion of the plasma (and hence lung) AAT level with pur
ified protein is offered in some but not all countries.3

Augmentation therapy generally involves weekly infu
sions of 60mg/kg (or its equivalent regimen). This is both 
expensive4 and inconvenient to the patient, although evi
dence suggests an impact on disease progression. For 
instance, observational studies show a reduced decline in 
lung function as measured by the forced expired volume in 
1 second (FEV1)5,6 and lung densitometry indicated 
a general slowing of emphysema progression in placebo- 
controlled trials.7–9

However, lung disease and its progression is highly 
variable in AATD with many patients showing relative 
disease stability (even with severely deficient plasma 
AAT levels) and only a proportion of never-smokers 
demonstrate physiological progression that exceeds the 
normal age-related decline.10 Furthermore, even smokers 
with clearly established airflow obstruction of varying 
severity can stabilise once they stop smoking.10 This is 
an important observation since augmentation therapy is 
contraindicated in current smokers and may be inappropri
ate or ineffective for those with stable lung disease.

In view of the healthcare implications and costs, it is 
logical to consider stratifying augmentation therapy to 
those with evidence of continued decline. At present, 
augmentation therapy is mainly restricted to those with 
established chronic obstructive pulmonary disease 
(COPD) in the FEV1 range ≥30% and ≤60% predicted 
with evidence of emphysema. However, there is interest 
in considering augmentation therapy in those with milder 
disease who are rapidly declining, in order to slow pro
gression. Similarly, novel treatments may have the greatest 
effect in rapid decliners, including mild disease.

There is interest in identifying AATD patients with 
a rapid decline in lung function at the earliest possible 
juncture, to ensure smoking cessation and consider 

augmentation therapy. Also, by identifying the individual 
rate of decline, it may be possible to serially assess if this 
has slowed with appropriate interventions.

Previous studies from our group indicated that 4 annual 
FEV1 measurements over at least 3 years would be neces
sary to identify patients who are stable or rapidly declin
ing, with a degree of confidence.10 There is significant 
interest in assessing if serial lung function, over shorter 
time periods can identify rapid decliners with similar 
accuracy.

The purpose of the present study was to determine if 
lung function decline can be accurately identified over 
a shorter time span in non-smoking AATD patients by 
monitoring spirometry (including the Forced Expiratory 
Volume in 1 Second (FEV1) and Forced Vital Capacity 
(FVC)) every 6 months (for a total of 18 months). The 
results were compared to longer follow-up (≥3 years) prior 
to the 18-month trial period.

Materials and Methods
Study Subjects
The current study was a single-centre prospective study, 
approved by the South Birmingham Research and Ethics 
Committee (reference 14/WM/1243) and was conducted in 
accordance with the Declaration of Helsinki. Participants 
were all ex- or never-smokers with the severe PiZZ AATD 
genotype, either without spirometric COPD (FEV1/FVC ≥ 
70%) or with mild COPD (FEV1/FVC < 70%, FEV1 ≥ 
80% predicted).

The spirometry data prior to the current study was 
performed under the Antitrypsin Deficiency Assessment 
and Programme for Treatment (ADAPT), which is 
a Birmingham-based registry for UK individuals with 
AATD. The ADAPT programme was approved by the 
South Birmingham Research and Ethics Committee (Ref 
number; 3359a). Participants for the current study were 
originally identified from the ADAPT register and all 
provided written, informed consent for the additional 
study.

Methods
Patients participating in the study performed post- 
bronchodilator (5.0 mg salbutamol sulphate plus 0.5 mg 
ipratropium bromide by nebulisation) spirometry every 6 
months for a total of 18 months (4 measurements). 
Spirometry was performed on Jaeger Masterscreen Pro 
lung function system (Jaeger Ltd, Hochberg, Germany) 
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according to the Association for Respiratory Technology 
and Physiology (ARTP)/British Thoracic Society (BTS) 
guidelines for quality control.11 Data was collected from 
2015 to 2019.

Spirometry data included FEV1, FVC, and FEV1/FVC. 
FEV1 and FVC were expressed as % predicted, to stan
dardise for height, age, sex and race and allow for the 
differentiation of decline due to natural ageing (where % 
predicted remains stable) and decline due to disease pro
gression (where % predicted decreases). The FEV1/FVC 
ratio was expressed in the conventional manner as 
a percentage.

Retrospective spirometry data for the 3 years compar
ison were collected under the ADAPT programme, and at 
the start of this data collection, predicted values were 
calculated from the European Community for Steel and 
Coal (ECSC) reference equations.12 Therefore, predicted 
values for the current study were also calculated from the 
ECSC reference equations for consistency, despite more 
up-to-date reference equations being available.13

Analysis
The main outcome measure was the FEV1 decline 
expressed as % predicted. For parametric data, t-tests 
were used to compare categories and Pearson’s correla
tions were used to determine the strength of any relation
ship. For non-parametric data, Mann–Whitney U-tests 
were used to compare categories and Spearman’s Rank 
correlations were used to determine the strength of any 
relationship. Chi-Squared tests were used to compare 

categorical data between groups. A p value of <0.05 was 
taken to be statistically significant.

The change in FEV1% predicted was determined by 
linear regression and its agreement over different time 
scales (6 months, 18 months and 3+ years) was assessed 
using Bland-Altman plots. In addition, test characteristics 
(including positive and negative predictive values) were 
analysed for 6-month and 18-month data with 3+ years as 
the reference standard.

Role of the Funding Source
This study was funded by the Alpha-1 Foundation.

Results
A total of 72 ex- or never-smoking PiZZ AATD patients 
completed the spirometry measurements over 18 months. 
Of these, 23 patients had mild spirometric COPD (FEV1 > 
80% predicted and FEV1/FVC < 70%), with the other 49 
having an FEV1/FVC > 70%. Of the 27 patients who had 
annual historical spirometry data obtained previously for 3 
years or more, 10 were classified as “rapid decliners” with 
a loss of FEV1 ≥ 1% predicted per year.12 Baseline demo
graphic data and smoking history were no different 
between rapid and non-rapid decliners. There was no 
difference in baseline FEV1% predicted or FEV1/FVC, 
although FVC % predicted was significantly lower in the 
non-rapid decline group (p = 0.027) and, by definition, 
FEV1 decline was significantly greater in the rapid decline 
group (p < 0.0001). The demographic and lung function 
data are shown in Table 1.

Table 1 Baseline Patient Demographics

Variables 18 Months Data 3+ Years Data

Rapid Decliners Non-Rapid Decliners

Number of Patients 72 10 17
Males: Females 28 M: 44 F 3 M: 7 F 6 M: 11 F

Age (years) 52.0 (20–81) 54.5 (30–70) 56.6 (20–81)

BMI (kg/m2) 25.7 (23.1–28.8) 25.1 (22.9–27.3) 24.5 (23.3–26.8)
Smoking (Never (N): Ex) 46 N: 26 Ex 9 N: 1 Ex 14 N: 3 Ex

Pack Years (Ex) 8.0 (2.3–12.3) 18.0 (18.0–18.0) 14.0 (7.2–26.0)

FEV1% Predicted 105.5 (93.3–118.3) 108.5 (93.5–123.8) 105.0 (97.0–122.0)
∆ FEV1 (%Pred/Yr) −0.91 (−3.17 to +1.00) −2.11 (−2.81 to −1.33) 0.42 (−0.17 to +0.73)*

FVC % Predicted 117.5 (107.9–132.0) 135.9 (124.3–140.5) 119.0 (104.0–128.0)**

FEV1/FVC (%) 75.8 (67.4–81.5) 74.6 (65.6–76.5) 80.0 (70.3–83.0)

Notes: Demographics for all 72 patients with spirometry data measured prospectively every 6 months over 18 months. 27 had previous annual spirometry measurements 
for at least 3 years. Based on these data, this subgroup was further differentiated into rapid and non-rapid decliners as defined previously.10 All continuous data are 
presented as median (interquartile range), except age which is presented as median (range). *p = 0.027; **p <0.001 for rapid vs non-rapid decliners, for both.
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Individual patient data for the 18-month progression 
obtained by linear regression showed variable degrees of 
change in FEV1 over time, with 29 patients showing no 
decline, 8 showing slow decline and 35 showing rapid 
decline, with the latter ranging from −1.1 to −7.9% pre
dicted/year and the individual r2 values ranged from 0.12 
to 0.98.

Bland-Altman plots showed that there was no overall 
agreement between decline data obtained over 6 months and 
that obtained over 18 months or in those who had pre
viously determined data over 3 or more years (Figure 1). 
Indeed, comparison between data obtained over 6 months 
versus 18 months and 6 months versus 3+ years showed 
proportional bias. Moreover, there was no correlation 
between the 18 months and 3+ years’ data (Figure 2).

The positive predictive value for rapid decline with 18 
months’ data compared to 3 or more years was only 50.0% 
but, for those who did not show rapid decline over 18 

months, the positive predictive value for similar lung 
function stability over 3 or more years was 76.9%.

Discussion
The decision to instigate augmentation therapy with AAT 
depends on the confidence that the patient will continue to 
decline rapidly without intervention. The sooner decline 
can be determined, the better for patient management but 
our previous study suggested this should be over at least 3 
years.10

This study was conducted to determine if a shorter 
period of more intense data collection (6-monthly for 18 
months, with 4 measurements) could identify rapid decli
ners with sufficient accuracy. The results demonstrate that 
18 months of follow-up is not sufficient to achieve this 
goal. Furthermore, in this group of patients, there were no 
distinctive clinical characteristics that are captured routi
nely (such as exacerbation frequency, change in smoking 

Figure 1 Bland-Altman plots comparing the annualised change in FEV1% predicted (∆FEV1%predicted/year) calculated by linear regression between data collected over (A) 6 
months versus 18 months (n = 72), (B) 6 months versus 3+ years (n = 27), and (C) 18 months versus 3+ years (n = 27). Data collected over 3+ years was used as the 
reference standard. All comparisons show that there is no agreement between any timeframe, with comparisons of 6 months versus 18 months and 6 months versus 3+ 
years showing proportional bias.
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status or change in therapies) which might identify those 
who were declining quickly from those who were not 
(although symptom scores were not captured in the current 
study and were found to be different in fast decliners 
previously14).

The data shows that post bronchodilator spirometry 
over 18 months shows variable change both for the cohort 
and in the r2 values for the slope for individuals. Two data 
points over 6 months do not relate to the 18-month esti
mate. Furthermore, the 18-month data relates poorly to 
data collected over 3 or more years from a subgroup 
where this data was previously available.10 In that pre
vious study, the positive predictive value of 3 or more 
years of data was good to moderate for predicting long- 
term (11 years) decline, especially in those whose physiol
ogy remained stable.10

Here, the best prediction of long-term decline was for 
those whose physiology remained stable over 18 months, 
although with only a positive predictive value of 76.9%. 
Identification of rapid decliners using this timeframe was 
only 50.0%, which is less than previously reported using 3 
years’ data.10

The current study has limitations. These include the 
limited patient recruitment, especially for comparison with 
longer term follow-up. This limitation largely reflects the 
rarity of AATD and the relative infrequency of identifying 
AATD patients with mild disease. Also, the AATD registry 
cohort potentially adds selection bias as this is not formed 
through full population screening (which is not available 
for AATD in the UK). Nevertheless, it represents a more 
natural history of the condition as none received 

augmentation therapy, both because of their good lung 
function and the lack of availability of this treatment in 
the UK. Clearly, longer term follow-up would be advisable 
to confirm these data with collaboration between specia
lised centres working to the same standard operating 
procedures.

The decline in FEV1% predicted is adjusted for sex, age 
and height, but was not adjusted for smoking history. The 
reasons for this included that there was no difference in 
pack years between rapid and non-rapid decliners, other 
studies have not modelled decline adjusting for smoking 
behaviour and this would not be included when designing 
a clinical study. However, larger datasets, including patients 
with a broader range of smoking behaviours and lung 
function measurements could include this modelling to see 
its effect, although this would be complex in a rare disease.

The patients included had no or mild COPD but all 
subjects had an FEV1 in the normal range and the patients 
included have relatively limited smoking histories. It is 
uncertain if the results could be extrapolated to those 
with a high pack-year history or with more significant 
lung disease. However, studies suggest that rapid lung 
function decline is not restricted to heavier smokers, and 
that a higher proportion of “rapid decliners” were seen in 
milder disease.10

The reason for the presence of proportional bias shown 
in some Bland Altman plots is unclear. Further, the finding 
that 6 months, 18 months and 3 years measurements of lung 
function decline are non-equivalent is not easily explained. 
This may represent the inherent variable in the FEV1 mea
surement or that lung disease may progress in a series of 
“sprints” depending on inflammatory burden, but this 
remain speculation. It is unclear is this finding can be 
extrapolated to non-AATD COPD, but there are on-going 
studies assessing early COPD with six-monthly lung func
tion, which might provide more information on publication.

The implication of the current data is that even fre
quent measurements over 18 months are insufficient to 
accurately determine longer term spirometric outcome in 
AATD for an individual or a patient cohort. At least 3 
years are required to have more confidence in identifying 
rapid decliners. This has successive implications for the 
design of studies that wish to focus on rapid decliners and 
clinical practice if one wishes to stratify augmentation 
therapy to rapid decliners only. Alternative approaches to 
identifying this group of patients with rapidly deteriorating 
lung function, through new biomarkers or other assess
ment of pathology, are urgently required.

Figure 2 A scatter plot comparing the change (∆) in FEV1% predicted (calculated 
by linear regression) between data collected over 18 months versus data collected 
over 3+ years (n=27). There is no correlation between the predicted rate of FEV1 

change over the two timeframes.
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