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ABSTRACT: This study aimed to investigate the nature and effect of exacerbations in patients

with a1-antitrypsin deficiency and to assess the impact of exacerbations on health status.

Furthermore, the relationship of exacerbations to changes in lung function and health status was

investigated.

In total, 265 patients with severe deficiency (PiZ phenotype) were assessed over 12 months and

a subgroup of 87 patients was studied for 3 yrs. Exacerbations were recorded and patients

underwent full lung function testing and health status measurement.

Exacerbations occurred in 142 patients (54%) over 12 months, with a median duration of 14

days (interquartile range 7–21). Health status was significantly worse in patients with

exacerbations, especially those with frequent exacerbations. Neither the presence nor the

frequency of exacerbations showed a relationship to decline in forced expiratory volume in one

second, but the number of exacerbations was weakly associated with decline in gas transfer of

the lung for carbon monoxide. Despite lung function decline, health status did not change

significantly over 3 yrs.

In conclusion, exacerbations occur commonly in patients with a1-antitrypsin deficiency and are

associated with worse health status. Exacerbations were associated with a decline in the gas

transfer of the lung for carbon monoxide over time, but show no relationship to changes in forced

expiratory volume in one second. Despite lung function decline, patients do not show a

progressive loss in health status.

KEYWORDS: a1-antitrypsin deficiency, chronic obstructive pulmonary disease, health status,

respiratory tract infections

E
xacerbations of chronic obstructive pul-
monary disease (COPD) place a signifi-
cant burden on healthcare resources and

expenditure [1]. Furthermore, exacerbations
adversely affect patients and more frequent
exacerbations have been shown to be related to
worse quality of life (QoL) [2]. Exacerbations in
patients with usual COPD are well documented,
but less is known about the occurrence, time
course and effect of exacerbations in patients
with a1-antitrypsin deficiency (AATD).

Enhanced decline in lung function is well recog-
nised in AATD [3, 4] and it has been suggested in a
small study that exacerbation frequency may
influence this decline [5]. It is possible, therefore,
that interventions that reduce the frequency of
exacerbations may also modify the decline. Indeed,
a1-antitrypsin augmentation therapy, which may
modulate lung function decline in some patients
[3], may also be associated with a reduction in the
frequency and severity of exacerbations [6],
although prospective clinical trials are required to
support this assumption.

In order to design and power relevant clinical trials
in AATD, more detailed information concerning

the number, nature, timing and consistency of
exacerbations and their effect on health status is
essential. Many clinical trials now include these
measures as valid outcomes and so documentation
of changes in health status over time is also
essential, as well as an understanding of how
exacerbations may affect this change.

For these reasons, 265 patients with AATD were
studied to investigate the frequency, duration,
timing and nature of exacerbations and to
identify any host factors that may be associated
with these episodes. The impact of exacerbations
on health-related QoL was also investigated, as
measured by the Short-Form 36 (SF36) [7, 8]
and the St George’s Respiratory Questionnaire
(SGRQ) [9] in this patient cohort. Furthermore,
the change in lung function and health status
over 3 yrs was assessed in a subgroup of 87
patients and the influence of exacerbations on
these changes was investigated.

METHODS AND MATERIALS
Subjects
The first 265 patients with PiZ deficiency
recruited to the authors’ database from 1996
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were studied prospectively at a single centre. All patients had a
serum a1-antitrypsin level of ,11 mM and had PiZ phenotype
confirmed by isoelectric focusing (Heredilab, Salt Lake City,
UT, USA). Informed and written consent was obtained and
patients were assessed at an initial baseline visit and 12 months
later. In total, 90 patients were assessed annually for a further
2 yrs, although one patient underwent lung transplantation
during this time and was removed from the 3-yr analysis. Two
patients continued to smoke during this 3-yr period and were
also removed from the analysis to maximise patient homo-
geneity. None of the subjects received a1-antitrypsin augmen-
tation therapy. Data on 117 of these patients has been
published previously in a more limited study [10].

Clinical history
At baseline, a full clinical history was taken to include
respiratory symptoms, smoking history and the presence of
chronic bronchitis (Medical Research Council criteria [11]).
Patients were classified as index cases if their symptoms had
led to the diagnosis of AATD and non-index if they were
diagnosed through family screening.

On annual subsequent visits, details of the occurrence and
nature of exacerbations of respiratory symptoms over the
previous year were obtained. The length and time of year of
the first four episodes were noted from patient recall, with
corroboration from diary cards where possible. Exacerbations
were defined as acute episodes of worsening symptoms and
the duration was taken as the length of time from onset up to
the last day before the patient was back to their usual state.
Exacerbations were categorised according to the Anthonisen
classification [12]: type-1 exacerbations were defined as those
with increased dyspnoea, sputum volume and sputum
purulence; type-2 exacerbations occurred when two of these
symptoms were present; and type-3 exacerbations when only
one symptom was present. Frequent exacerbations were
defined as o3 episodes over a 12-month period. The incidence
of exacerbations was documented annually for the patients
who were followed for 3 yrs.

Lung function testing
At the first visit (at least 4 weeks after an exacerbation) patients
performed spirometry and bronchodilator reversibility follow-
ing nebulised 5 mg b2-agonist and 500 mg ipratropium
bromide [13]. Positive bronchodilator reversibility was taken
to be an increase of .200 mL and .12% predicted [14]. At
subsequent visits, spirometry was repeated after dual broncho-
dilatation and changes in lung function were derived from all
post-bronchodilator values. Lung-volume measurements were
assessed using helium dilution (Morgan Medical, Kent, UK)
and gas transfer by the single-breath carbon monoxide
method. Predicted values were calculated using the equations
from the British Thoracic Society/Association of Respiratory
Technicians and Physiologists guidelines for respiratory
function [15].

Health status
SGRQ was used as a disease-specific tool, with a high score
indicating worse health status and a clinically important
change in total score being greater than four points [16]. The
generic SF36 was also used (low score indicating worse health

status), although no threshold for a clinically significant
change has been validated. Data were recorded at each visit
without reference to previous answers.

Changes over 3 yrs
Changes in lung function tests over 3 yrs were calculated using
linear regression on the four measurements taken for each
individual over that time and then converted into a change per
year. Similar calculations were performed to obtain values for
health status changes.

Statistical analysis
Parametric data are displayed as mean¡SE and nonparametric
data as median (interquartile range; IQR). In some instances
nonparametric data was also presented as mean¡SE for
comparison with data published by other groups. Repeated
measures at two time points were compared using the
Wilcoxon signed-rank test. Subgroup comparisons were made
using the Mann-Whitney U-test for two groups and
Jonckheere-Terpstra test for three and four groups. Pearson’s
coefficients were used for correlations between continuous
variables and frequency comparisons were made using the
Chi-squared test. Binary logistic regression was used to test for
independent predictors of exacerbations and stepwise linear
regression was used to identify independent factors associated
with changes in lung function parameters and health status.
Statistical significance was accepted at p,0.05.

RESULTS
Baseline characteristics
Of the 265 PiZ patients, 167 (63%) were male and 210 (79%)
were index cases. In total, 187 patients (72%) were ex-smokers
and 17 (6%) continued to smoke during the first year. Chronic
bronchitis was diagnosed in 110 (42%) patients. Inhaled
steroids were used by 146 patients consistently throughout
the initial 12-month period. Thirteen patients had steroid
therapy changed during this 12-month period and were
removed from the analysis related to the influence of this
treatment. The baseline characteristics, lung function data and
health status scores of the whole group are shown in table 1.

Lung function data was obtained from 259 patients as six did not
wish to undergo testing. Measurements ranged from normal to
severe airflow obstruction and markedly impaired gas transfer.
Health status scores also showed a wide variation at baseline.

Exacerbations
During the first year of study, exacerbations occurred in 142
subjects (54%) and 47 (18%) had frequent (o3) exacerbations.
One patient described 30 exacerbations over 12 months and
was excluded from the analysis. The median number of
exacerbations for the whole group was 1 (IQR 0–2) or a mean of
1.2 (¡0.1), although for those patients who experienced o1
exacerbation the median number was 2 (IQR 1–3) or a mean of
2.5¡0.2. Type-1 exacerbations were experienced in 89 patients,
44 had type-2 exacerbations, two had both type-1 and type-2
exacerbations and seven patients had type-3 exacerbations
during this year.

Exacerbations were experienced throughout the year but were
more frequent in the winter months, with 32% of episodes
occurring in December and January (fig. 1).
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TABLE 1 Baseline characteristics, lung function values and health status scores for the whole patient group, patients with and
without exacerbations over the first year and for the group followed for 3 yrs

All patients Patients with no

exacerbations

over year 1

Patients with o1

exacerbation

over year 1

p-value# Subgroup

studied for

3 yrs

Subject n 265 123 142 87

Age yrs 49.9¡0.6 50.0¡1.0 49.9¡0.8 NS
" 50.2¡1.0

Body mass index kg?m-2 25.0 (22.9–27.8) 25.1 (23.2–27.8) 24.8 (22.2–27.8) NS 25.0 (23.0–27.0)

Smoking history pack-yrs 13.0 (1.4–24.0) 12.0 (0.5–22.8) 14.6 (4.0–26.0) NS 17.5 (0–25.0)

Smoking status

Current 17 8 9 NS
+ 0

Ex 187 84 103 65

Never 61 31 30 22

Sex

Male 167 80 87 NS
+ 59

Female 98 43 55 28

Presentation

Index 210 90 120 0.023+ 67

Non-index 55 33 22 20

Chronic bronchitis

Yes 110 39 71 0.003+ 35

No 155 84 71 52

Inhaled steroid use over

initial 12 months

Yes 146 56 90 0.002+ 47

No 106 64 42 37

Altered 13 3 10 3

Bronchodilator reversibility

Yes 65 23 42 0.034+ 23

No 198 100 98 63

FEV1 L 1.53 (1.02–2.45) 1.77 (1.11–2.93) 1.42 (0.98–2.16) 0.005

FEV1 % pred 46.2 (33.8–76.8) 55.2 (35.6–95.3) 43.3 (32.9–68.5) 0.013

VC L 4.13 (3.16–4.99) 4.28 (3.66–5.11) 3.97 (2.85–4.92) 0.049

VC % pred 103.5 (91.4–117.3) 106.9 (95.6–119.9) 101.7 (87.6–115.9) 0.044

RV L 2.58 (2.04–3.24) 2.51 (2.00–3.16) 2.72 (2.18–3.42) 0.037

RV % pred 129.7 (102.6–155.1) 126.1 (99.7–148.9) 137.4 (106.7–173.8) 0.008

TLC L 7.40 (6.06–8.40) 7.38 (6.20–8.54) 7.47 (5.91–8.37) NS

TLC % pred 119.0 (107.4–130.5) 118.4 (107.7–128.1) 119.1 (108.1–132.6) NS

RV/TLC % 36.4 (29.4–43.0) 34.3 (28.0–41.5) 38.9 (32.4–45.5) 0.002

TL,CO mmol?min-1?kPa-1 6.37 (4.65–8.27) 6.60 (4.99–8.46) 5.86 (4.29–7.85) 0.035

TL,CO % pred 68.0 (52.0–85.0) 72.0 (55.0–88.0) 63.6 (50.0–83.0) 0.055

TL,CO/VA mmol?min-1?kPa-1?L-1 1.08 (0.80–1.39) 1.12 (0.80–1.44) 1.00 (0.78–1.35) NS

TL,CO/VA % pred 67.9 (53.7–86.0) 69.0 (55.0–87.0) 66.2 (51.0–85.7) NS

SGRQ

Total 51.6 (31.5–65.3) 45.3 (25.1–58.2) 55.4 (38.0–68.7) ,0.001

Symptoms 64.0 (44.1–78.8) 57.7 (36.8–72.6) 70.9 (53.6–83.8) ,0.001

Activity 66.2 (41.4–85.9) 59.5 (35.2–79.7) 72.8 (48.5–92.6) ,0.001

Impacts 36.8 (20.0–52.5) 31.8 (14.7–46.3) 41.5 (25.2–56.8) ,0.001

SF36

Physical 37.7 (28.9–45.9) 40.5 (32.6–49.7) 34.0 (26.7–42.5) ,0.001

Mental 53.2 (45.2–58.7) 53.3 (46.4–58.8) 53.1 (42.5–58.5) NS

Data are presented as mean¡SE or median (interquartile range), unless otherwise stated. NS: nonsignificant; FEV1: forced expiratory volume in one second; % pred: %

predicted; VC: vital capacity; RV: residual volume; TLC: total lung capacity; TL,CO: gas transfer of the lung for carbon monoxide; VA: alveolar volume; SGRQ: St George’s

Respiratory Questionnaire; SF36: Short-Form 36. #: univariant comparison of those with and without exacerbations; ": t-test; +: Chi-squared test. All other statistical

comparisons used the Mann-Whitney U-test.
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Episodes varied in length from 2 to .35 days, with a median
length of each episode of 14 days (IQR 7–21) (fig. 2).

Exacerbations and baseline characteristics
Exacerbations occurred more frequently in those patients with
chronic bronchitis (1.7¡0.2 versus 1.2¡0.2, Chi-squared:
p,0.001). Index patients were more likely to have exacerba-
tions compared to non-index patients (1.6¡0.2 versus 0.8¡0.2,
Chi-squared: p50.016). There was no relationship between the
number of exacerbations and age, sex or body mass index
(BMI). However, a weak correlation was seen between the
number of pack-yrs smoked and the number of exacerbations
(r50.12; p50.03).

Patients with more severe airflow obstruction, as defined by
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
criteria [17, 18], had more frequent exacerbations (Jonckheere-
Terpstra: p50.002) over the study period, although the median
value did not change. Furthermore, patients using inhaled
steroids consistently throughout the 12 months had more
exacerbations than those who were consistent non-users
(Chi-squared: p50.004) as did those with bronchodilator
reversibility (Chi-squared: p50.042).

Univariate comparisons of baseline characteristics, lung func-
tion data and health status scores of those with and without
exacerbations are displayed in table 1.

Binary logistic regression was performed using all of the
patient demographic data, lung function and smoking history.
The presence of chronic bronchitis, bronchodilator reversibility
and increased air trapping, as measured by residual volume
(RV)/total lung capacity (TLC), were all independent pre-
dictors of exacerbations (estimated r250.13). For those patients
with exacerbations, greater BMI, females, increasing age and
lower forced expiratory volume in one second (FEV1) were all
predictors of type-1 exacerbations (estimated r250.17).

Exacerbations, lung function and health status
A clear relationship was seen between the number of
exacerbations and SGRQ total score (r50.41; p,0.001; fig. 3)
and SF36 physical score (r5-0.33; p,0.001). Patients with more
severe airflow obstruction (GOLD criteria) had worse SGRQ
health status scores and SF36 physical component scores (all
p,0.001; fig. 4).

Linear regression of SGRQ total scores at month 12 showed
that lower FEV1, number of exacerbations, increasing age,
increase in pack-yr smoking history and the presence of
chronic bronchitis were all independent factors associated with
worse SGRQ total score and together accounted for 54% of the
overall variability in the score.

Lung function data and health status scores at month 12 are
displayed in table 2.

Subjects studied for 3 yrs
The baseline characteristics of this subgroup are shown in
table 1. In total, 59 patients (68%) were male, 67 (77%) were
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FIGURE 1. The proportion (%) of exacerbations occurring in each month of the

year. Exacerbations are categorised by Anthonisen criteria into type 1 (&), type 2

(&) and type 3 (h).
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FIGURE 2. The length of exacerbations of symptoms illustrated against

proportion of the total (%) for each time period. Exacerbations are categorised by

Anthonisen criteria into type 1 (&), type 2 (&) and type 3 (h).
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FIGURE 3. Box and whisker plots showing St George’s Respiratory

Questionnaire (SGRQ) total score at month 12 in patients with no, infrequent and

frequent exacerbations. Horizontal black lines show the median values, boxes are

interquartile ranges, whiskers show the total range and circles ($) are outliers.

Compared with those patients without episodes, higher scores, indicating worse

health status, are found in patients with infrequent exacerbations and even higher

scores in those with frequent exacerbations (Jonckheere-Terpstra: p,0.001).
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index cases, 65 (75%) were ex-smokers and the remainder were
never-smokers.

Lung function progression and health status changes
FEV1 showed a significant decline (p,0.001) with a median
change of -41 mL?yr-1 (IQR -96– -15) over 3 yrs, which reflects
an average change of 57¡7.5 mL?yr-1. RV measurements
and air trapping (as measured by RV/TLC ratio) showed
significant increases (p,0.001) over the 3-yr period, whereas
gas transfer measurements showed a significant decline
(p,0.001). The data obtained at baseline and year 3 are
summarised in table 3.

Over the 3 yr period, there was no significant change in SGRQ
total, activity and impact scores or in the SF36 scores.
However, the SGRQ symptom score showed a significant
improvement (p50.003) over this period of time with a median
change of -2.0 units?yr-1 (IQR -6.2–1.6; table 3). This improve-
ment in symptom score was progressive from baseline values
of 66.4 (37.5–84.3); 64.7 (41.1–81.8) by year 1; 61.8 (40.4–81.8) by
year 2; and 61.4 (37.9–74.3) by year 3.

Exacerbations over 3 yrs
The mean number of exacerbations reported for all patients
was 1.0¡0.2 in the first year, 1.3¡0.2 in year 2 and 1.2¡0.2

� - -- --- -2
/�)"��	
�

�

��

��

��

��

���

�
/
0
1
�	�
	

���
��
�

�

�

�

�

�

�

FIGURE 4. Box and whisker plots showing the St George’s Respiratory

Questionnaire (SGRQ) total score at month 12 in patients grouped according to

their Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage. Stage 0:

n550; I: n514; II: n560; III: n587; IV: n548. Horizontal black lines show median

values, boxes are interquartile ranges, whiskers show the total range and circles

($) indicate outliers. Significantly worse scores are seen in those patients with

greater airflow obstruction (Jonckheere-Terpstra: p,0.001).

TABLE 2 Lung function data and health status scores at the 12-month visit for the whole patient group and patients with and
without exacerbations over year 1

All patients Patients with no

exacerbations

over year 1

Patients with o1

exacerbation

over year 1

p-value#

Subjects n 265 123 142

FEV1 L 1.49 (0.97–2.31) 1.66 (1.04–2.78) 1.41 (0.96–2.06) 0.008

FEV1 % pred 46.6 (33.0–74.9) 52.6 (35.2–94.8) 43.0 (31.6–65.7) 0.014

VC L 4.08 (3.19–4.97) 4.42 (3.58–5.13) 3.79 (2.95–4.83) 0.005

VC % pred 104.3 (90.7–118.5) 107.9 (97.3–122.3) 102.5 (86.3–113.1) 0.004

RV L 2.66 (2.02–3.28) 2.51 (1.90–3.28) 2.70 (2.19–3.32) NS

RV % pred 127.5 (103.2–162.9) 123.7 (96.0–150.0) 132.3 (107.7–170.2) 0.013

TLC L 7.24 (6.16–8.62) 7.20 (6.20–8.71) 7.26 (6.01–8.51) NS

TLC % pred 118.7 (107.7–131.0) 118.3 (107.1–130.0) 119.9 (108.0–131.5) NS

RV/TLC % 37.5 (29.9–44.1) 34.2 (28.3–42.5) 38.8 (32.9–45.8) 0.004

TL,CO mmol?min-1?kPa-1 6.22 (4.57–8.08) 6.40 (4.66–8.25) 6.07 (4.42–7.93) NS

TL,CO % pred 66.0 (50.0–82.0) 68.0 (51.0–84.5) 65.0 (50.0–81.0) NS

TL,CO/VA

mmol?min-1?kPa-1?L-1

1.02 (0.79–1.37) 1.09 (0.80–1.38) 1.01 (0.78–1.32) NS

TL,CO/VA % pred 66.2 (52.0–84.0) 68.1 (53.0–85.1) 65.1 (52.0–83.0) NS

SGRQ

Total 49.5 (31.0–64.0) 42.0 (22.2–57.3) 56.4 (39.2–70.2) ,0.001

Symptoms 60.7 (38.8–75.0) 40.3 (20.1–61.6) 70.8 (59.0–81.7) ,0.001

Activity 66.2 (41.4–87.2) 57.3 (35.5–79.7) 73.0 (47.9–92.5) ,0.001

Impacts 36.4 (18.7–52.3) 28.2 (13.6–46.2) 40.9 (25.2–55.6) ,0.001

SF36

Physical 36.7 (28.3–45.4) 39.4 (31.2–48.7) 34.4 (26.2–43.8) 0.001

Mental 54.8 (47.5–59.2) 55.4 (48.6–59.2) 54.2 (46.0–59.3) NS

Data are presented as median (interquartile range). NS: nonsignificant; FEV1: forced expiratory volume in one second; % pred: % predicted; VC: vital capacity; RV:

residual volume; TLC: total lung capacity; TL,CO: gas transfer of the lung for carbon monoxide; VA: alveolar volume; SGRQ: St George’s Respiratory Questionnaire; SF36:

Short-Form 36. Statistical comparison used the Mann-Whitney U-test. #: univariant comparison of those with and without exacerbations.
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for year 3. The proportion of patients having exacerbations
remained consistent over the 3 yrs and patients with exacer-
bations in the first year were more likely to continue having
exacerbations in year 2 (p50.04) and year 3 (p,0.001). At least
one exacerbation had occurred in 50.6% of patients in the first
year, 75.9% by year 2 and 80.5% by year 3. Frequent
exacerbations (o3 episodes per year) were seen in 12.6% of
patients in the first year, 19.0% in year 2 and 13.8% in year 3.

Exacerbations, changes in lung function and changes in
health status
Neither the presence nor the frequency of exacerbations over
the 3 yrs showed a relationship to the absolute decline in FEV1

or FEV1 decline expressed as a % predicted. Furthermore,
exacerbations did not have an effect on the decline in FEV1

when patients were grouped according to baseline airflow
obstruction (GOLD criteria). However, a significant correlation
was seen between frequency of exacerbations and decline in
gas transfer of the lung for carbon monoxide (TL,CO) expressed
as a % pred (r5-0.19; p50.037).

Greater improvement in SGRQ symptom score was seen in those
patients who had infrequent or no exacerbations (p50.029; fig. 5).
When patients were grouped according to baseline airflow
obstruction (GOLD criteria), no significant differences in the
change in health status were seen between the groups.

Worsening SGRQ activity score was, however, related to the
decline in FEV1 (r5-0.24; p50.015) and to decline in vital

capacity (r5-0.23; p50.017). Finally, although total scores did
not change, a significant correlation was also seen between the
changes in SGRQ total score and increased air trapping as
measured by the RV/TLC ratio (r50.20; p50.037).

TABLE 3 Lung function data and health status scores at baseline, the end of year 3 and the change per year as calculated by
linear regression using annual results over the 3 yrs

Subjects n Baseline Year 3 Annual change

FEV1 L 87 1.57 (1.00–2.43) 1.32 (0.88–2.22) -0.041 (-0.096– -0.015)

FEV1 % pred 87 48.5 (33.1–87.8) 41.6 (31.1–81.5) 1.0 (-2.5–0.1)

VC L 87 4.09 (3.25–4.83) 3.90 (3.29–4.71) -0.052 (-0.120–0.006)

VC % pred 87 105.3 (94.5–120.5) 106.2 (87.1–122.9) -0.5 (-2.2–1.4)

RV L 81 2.52 (2.00–3.24) 2.70 (2.05–3.37) 0.064 (-0.034–0.172)

RV % pred 81 126.5 (97.0–154.8) 133.7 (101.8–169.7) 1.7 (-3.3–7.9)

TLC L 81 7.28 (6.14–8.22) 7.21 (6.02–8.46) 0.029 (-0.117–0.148)

TLC % pred 81 118.9 (104.7–132.1) 117.4 (105.8–134.2) 0.5 (-1.9–2.4)

RV/TLC % 81 35.5 (29.2–42.3) 39.5 (30.5–44.8) 0.6 (-0.3–2.0)

TL,CO mmol?min-1?kPa-1 87 6.24 (4.67–8.32) 5.39 (4.11–7.16) -0.21 (-0.37– -0.04)

TL,CO % pred 87 66.0 (53.0–88.0) 61.0 (46.5–80.5) -1.8 (-3.6– -0.2)

TL,CO/VA mmol?min-1?kPa-1?L-1 87 1.06 (0.77–1.41) 0.99 (0.72–1.33) -0.03 (-0.05–0)

TL,CO/VA % pred 87 67.2 (53.3–91.8) 64.5 (46.5–85.8) -2.0 (-3.7– -0.7)

SGRQ

Total 86 52.5 (27.8–66.6) 50.0 (29.3–67.7) -0.5 (-2.2–1.4)

Symptoms 86 66.4 (37.5–84.3) 61.4 (37.9–74.3) -2.0 (-6.2–1.6)

Activity 86 61.1 (35.5–86.6) 69.6 (36.2–92.5) 0.2 (-1.3–2.5)

Impacts 86 39.3 (17.7–54.5) 34.0 (16.2–54.0) -0.1 (-2.4–1.9)

SF36

Physical 86 39.7 (28.8–47.6) 34.6 (29.1–47.6) -0.4 (-2.2–1.1)

Mental 86 52.3 (42.6–57.8) 55.0 (46.7–59.3) 0.5 (-1.1–2.3)

Data are presented as median (interquartile range), unless otherwise stated. FEV1: forced expiratory volume in one second; % pred: % predicted; VC: vital capacity; RV:

residual volume; TLC: total lung capacity; TL,CO: gas transfer of the lung for carbon monoxide; VA: alveolar volume; SGRQ: St George’s Respiratory Questionnaire; SF36:

Short-Form 36.
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FIGURE 5. Box and whisker plots showing the annual change in St George’s

Respiratory Questionnaire (SGRQ) symptom score over 3 yrs in patients with no

(n517), infrequent (n551) and frequent (n514) exacerbations. Horizontal black

lines show the median values, boxes are interquartile ranges, whiskers show the

total range and circles ($) are outliers. Greater improvement is seen in patients with

fewer exacerbations (Jonckheere-Terpstra: p50.029).
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Linear regression of changes in lung function
Linear regression showed that bronchodilator reversibility and
lower BMI at baseline were both independently associated
with a greater decline in FEV1 (% pred) and together accounted
for 14% of the overall variability in the decline. An increasing
number of exacerbations was the only independent factor
associated with a greater decline in TL,CO (% pred), but
accounted for only 5% of the variability in this decline.

DISCUSSION
The current study documents for the first time the nature,
frequency, seasonal variability and incidence of acute exacer-
bations in AATD. It has been demonstrated that exacerbations
occur commonly in patients with AATD and a third of the
patients with exacerbations o3 episodes per year (18% of the
total group). The average number of exacerbations for the
whole group is similar to that seen in non-AATD COPD in
general [2]. The presence and frequency of exacerbations
remain consistent from year to year and, although exacerba-
tions occurred throughout the year, nearly a third occurred in
December and January. The median length of symptoms in
these patients is 14 days, which, despite being based largely on
patient recall, is similar to the duration determined prospect-
ively by diary cards in an earlier subgroup of AATD patients
[19], and is greater than the 7 days seen in usual COPD using
similar documentation [20]. Taken together, these data suggest
that AATD alone does not predispose to exacerbations, but
may influence their resolution.

When the current study started in 1996 there was no consensus
about the definition of an exacerbation, which has subse-
quently been agreed to include a change in the patient’s
regular medication in 2000 [21] and, hence, such data was not
formally collected. Nevertheless, the overall frequency is
similar to that seen in COPD in general, when this more
rigorous definition is applied, suggesting that the data are
equally valid. The present authors also acknowledged the
potential for recall bias when the patients were asked about
details of their exacerbations during the previous year.
However, the data is consistent with that obtained in the
authors’ more limited study where the data was validated with
diary cards and examination of primary care records [19]. The
current authors’ feel that the present results are representative
of the number and nature of exacerbations in AATD.

The patients included in the study were all nonsmokers or ex-
smokers and so this data cannot be extrapolated to patients
with AATD who continue to smoke. The population used was
an unselected group of AATD patients and, thus, the patients
showed a range of lung function from normal to severely
impaired.

Chronic mucus hypersecretion has been shown to be asso-
ciated with an increased likelihood of exacerbations in usual
COPD [22] and in AATD [10]. In the current study, 42% of the
patients had chronic bronchitis and these patients showed an
increased frequency of exacerbations, confirming previous
findings [10].

Although index patients had more exacerbations than non-
index patients in the univariate analysis, index status was not
independently related to exacerbations in the multivariate
analysis. Index patients had a greater smoking history and a

lower baseline FEV1 and patients with more severe airflow
obstruction had more frequent exacerbations, which probably
accounts for the initial association with index status. In
addition, increased air trapping (as measured by RV) was also
shown to be associated with exacerbations. The reason for this
is unknown but increased air trapping would increase the
work of breathing and may, therefore, lead to a greater
awareness of slight pathophysiological changes that would
increase this work further and be reflected in the awareness of
increased breathlessness. Alternatively, the exacerbations
themselves may damage the small airways leading to an
increase in air trapping. At present, it remains unknown
whether this is a cause or effect, but the observed relationship
between FEV1 decline and exacerbation frequency in usual
COPD [23] is more supportive of a direct effect in those
patients. However, it remains unknown why this is not
reflected in a change in FEV1 in AATD.

Bronchodilator reversibility was also associated with exacer-
bations and this may reflect a change in the reversible
component of airways function during such episodes. In the
current study, the immediate effect of an exacerbation on
spirometry and reversibility was not investigated because of
patient distance from the centre, but other studies have shown
some correlation between symptoms of dyspnoea and a
temporary reduction in peak flow measurements [20].

Exacerbations were also more frequent in patients using an
inhaled steroid. However, the current study was not designed
as an interventional study and this observation may reflect the
practice of prescribing inhaled steroids more often in patients
with frequent exacerbations or in those with lower lung
function.

Exacerbations were shown to have an influence on health
status scores, which supports data obtained by other groups in
usual COPD [2, 24]. For the SGRQ symptom score, this reflects
the fact that two of the component questions ask about ‘‘the
number and length of attacks of chest trouble’’. However,
worse health status in the patients with frequent exacerbations
was also reflected in the other individual components and total
score of the SGRQ as well as the components of the SF36. This
association was not due to a difference in lung function alone
as exacerbations were found to have an additional independ-
ent effect on health status scores using regression analysis.
In addition, other factors, such as increasing age, chronic
bronchitis, and increase in pack-yr smoking history as well as
reduced FEV1, were all shown to have independent effects on
health status scores irrespective of exacerbations. This confirms
that QoL, as measured by these questionnaires, is affected by
many factors other than physiological impairment and that
improvement in health status measures is potentially achiev-
able by using several diverse therapeutic strategies. The
suggestion that augmentation therapy reduces exacerbations
[6] may, therefore, be an important therapeutic aim in patients
with AATD.

During previous work [5], the authors’ group documented
improvements in SGRQ symptom score in a small number of
patients attending for review at their specialist clinic over
2 yrs. The current study shows that this improvement is
progressive and is sustained in a larger group of patients over
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a longer period of time and reflects a change that is
recognisable by the patients. The improvement was greater
in patients with ,3 exacerbations per year.

Of more importance, the overall health status did not decline
despite major changes in lung function (mean FEV1 decline of
171 mL over the 3 yrs). MIRAVITLLES et al. [25] have also shown
an improvement in SGRQ symptom score in a cohort of non-
AATD COPD patients despite worsening activity, although
this was not a progressive improvement as shown in the
current study. Other data in usual COPD shows a decline in
health status over time with an increase in SGRQ total score of
9.6 points over 3 yrs when the FEV1 falls by 177 mL although a
lesser change of 6.0 points occurs in patients on inhaled
steroids with a mean FEV1 decline of 150 mL [26, 27]. Since the
patients had a similar decline in FEV1 to that seen in the above
studies, it would be expected that the SGRQ should also
change by at least this amount. Recently STOLK et al. [28] have
demonstrated a worsening of SGRQ score in 22 patients with
AATD over 30 months with a mean change of 6.5 units (-2.9–
17.5). The lack of significant change in overall health status in
the current cohort, despite documented deterioration in lung
function and activity, may reflect as yet undefined benefits of
the specialist clinic in which patients are seen on an annual
basis in the UK. Inhaled steroid treatment was not altered
significantly in these patients over the study period, although
other therapeutic measures, such as the use of long-acting b-
agonists, an altered management strategy for the treatment of
infections and improved patient education may have played a
role in the maintenance of health status over the 3-yr period.

It can be confirmed that lung physiology measurements
deteriorate in these patients over time. The decline in
spirometric values in this study is not related to the frequency
of exacerbations in the whole group or in subgroups according
to airflow obstruction. This is contrary to the findings of
DONALDSON et al. [23] in usual COPD. However, other workers
have suggested that only smokers are susceptible to an
influence of exacerbations on FEV1 decline [29] and the
patients in the present 3-yr study were all ex-smokers or
nonsmokers. It is also possible that exacerbations have a less
clear deleterious effect on FEV1 in AATD patients than in usual
COPD patients, due to the increased ongoing inflammation in
the stable state. The FEV1 decline was, however, associated
with greater bronchodilator reversibility at baseline as has
been seen previously [3, 5], and this may be due to an increase
in airway inflammation contributing to both airways hyper-
reactivity and subsequent structural changes in the airways.

The decline in TL,CO was associated with the number of
exacerbations. The proposed pathogenic mechanism for the
development of emphysema and decreased gas transfer in
AATD is related to an increased neutrophilic elastase burden
along with reduced protection due to low a1-antitrypsin levels.
An increase in elastase challenge is seen during periods of
exacerbations especially in AATD [19], but this is only a feature
of purulent exacerbations. In this study, the majority of
exacerbations were classified as type 1, which, by definition,
includes purulent sputum as a feature. Thus, increased elastase
activity should be present in most of these episodes and may
lead to tissue destruction and, hence, to a reduction in the gas
transfer. However, it should be noted that such episodes were

not related to the decline in TL,CO/VA. The TL,CO reflects not
only alveolar gas exchange but also regional gas distribution,
which will be influenced by small airways damage.
Exacerbations are more likely to be related to infection and
inflammation in the airways than in the alveoli. Thus, such
episodes may have more effect on the small airways and any
subsequent structural change would lead to altered distribution
of ventilation, thereby reducing the TL,CO but not TL,CO/VA.

a1-Antitrypsin augmentation therapy may lessen the decline in
lung function in a1-antitrypsin deficiency, as has been suggested
by WENCHER et al. [30]. LIEBERMAN [6] has hypothesised that
augmentation therapy may also reduce the frequency and
severity of infections in a1-antitrypsin deficiency on the basis of
patient opinion on the effect of their treatment. Prospective
controlled studies are therefore needed to further investigate
these hypotheses and future trials of antiprotease replacement
should include exacerbations as an important outcome measure.
If a reduction in exacerbations can be achieved with augmenta-
tion therapy, the current data suggests it should also influence
quality of life and decline in lung function, although not
necessarily the decline in forced expiratory volume in one
second. The current study provides a firm basis upon which to
design, power and implement such trials.

ACKNOWLEDGEMENTS
The authors would like to thank H. Wilkins and D. Griffiths for
their help with data collection and the team of respiratory
physiologists for performing the lung function testing.

REFERENCES
1 McGuire A, Irwin DE, Fenn P, et al. The excess cost of acute

exacerbations of chronic bronchitis in patients aged 45 and
older in England and Wales. Value Health 2001; 4: 370–375.

2 Seemungal TA, Donaldson GC, Paul EA, Bestall JC,
Jeffries DJ, Wedzicha JA. Effect of exacerbation on quality
of life in patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 1998; 157: 1418–1422.

3 The A-1-Antitrypsin Deficiency Registry Study Group.
Survival and FEV1 decline in individuals with severe
deficiency of a1-antitrypsin. Am J Respir Crit Care Med 1998;
158: 49–59.

4 Evald T, Dirksen A, Keittelmann S, Viskum K, Kok-
Jensen A. Decline in pulmonary function in patients with a

1-antitrypsin deficiency. Lung 1990; 168: Suppl. 579–585.

5 Dowson LJ, Guest PJ, Stockley RA. Longitudinal changes
in physiological, radiological, and health status measure-
ments in a(1)-antitrypsin deficiency and factors associated
with decline. Am J Respir Crit Care Med 2001; 164:
1805–1809.

6 Lieberman J. Augmentation therapy reduces frequency of
lung infections in antitrypsin deficiency: a new hypothesis
with supporting data. Chest 2000; 118: 1480–1485.

7 Brazier JE, Harper R, Jones NM, et al. Validating the SF-36
health survey questionnaire: new outcome measure for
primary care. BMJ 1992; 305: 160–164.

8 Harper R, Brazier JE, Waterhouse JC, Walters SJ, Jones NM,
Howard P. Comparison of outcome measures for patients
with chronic obstructive pulmonary disease (COPD) in an
outpatient setting. Thorax 1997; 52: 879–887.

M. NEEDHAM AND R.A. STOCKLEY EXACERBATIONS IN a1-ANTITRYPSIN DEFICIENCY

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 25 NUMBER 6 999



9 Jones PW, Quirk FH, Baveystock CM, Littlejohns P. A self-
complete measure of health status for chronic airflow
limitation. The St. George’s Respiratory Questionnaire. Am
Rev Respir Dis 1992; 145: 1321–1327.

10 Dowson LJ, Guest PJ, Stockley RA. The relationship of
chronic sputum expectoration to physiologic, radiologic,
and health status characteristics in a(1)-antitrypsin defi-
ciency (PiZ). Chest 2002; 122: 1247–1255.

11 Definition and classification of chronic bronchitis for
clinical and epidemiological purposes. A report to the
Medical Research Council by their Committee on the
Aetiology of Chronic Bronchitis. Lancet 1965; 1: 775–779.

12 Anthonisen NR, Manfreda J, Warren CP, Hershfield ES,
Harding GK, Nelson NA. Antibiotic therapy in exacerba-
tions of chronic obstructive pulmonary disease. Ann Intern
Med 1987; 106: 196–204.

13 Dowson LJ, Newall C, Guest PJ, Hill SL, Stockley RA.
Exercise capacity predicts health status in a(1)-antitrypsin
deficiency. Am J Respir Crit Care Med 2001; 163: 936–941.

14 Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF,
Peslin R, Yernault JC. Lung volumes and forced ventilatory
flows. Report working party standardization of lung
function tests, European Community for Steel and Coal.
Official Statement of the European Respiratory Society. Eur
Respir J 1993; 16: Suppl. 16, 5–40.

15 Guidelines for the measurement of respiratory function:
recommendations of the British Thoracic Society and the
Association of Respiratory Technicians and Physiologists.
Respir Med 1994; 88: 165–194.

16 Jones PW. Interpreting thresholds for a clinically signifi-
cant change in health status in asthma and COPD. Eur
Respir J 2002; 19: 398–404.

17 Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS.
Global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease.
NHLBI/WHO Global Initiative for Chronic Obstructive
Lung Disease (GOLD) Workshop summary. Am J Respir
Crit Care Med 2001; 163: 1256–1276.

18 Fabbri LM, Hurd SS, for the GOLD Scientific Committee.
Global strategy for the diagnosis, management and pre-
vention of COPD: 2003 update. Eur Respir J 2003; 22: 1–2.

19 Hill AT, Campbell EJ, Bayley DL, Hill SL, Stockley RA.
Evidence for excessive bronchial inflammation during an
acute exacerbation of chronic obstructive pulmonary
disease in patients with a(1)-antitrypsin deficiency (PiZ).
Am J Respir Crit Care Med 1999; 160: 1968–1975.

20 Seemungal TA, Donaldson GC, Bhowmik A, Jeffries DJ,
Wedzicha JA. Time course and recovery of exacerbations
in patients with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 2000; 161: 1608–1613.

21 Rodriguez-Roisin R. Toward a consensus definition for
COPD exacerbations. Chest 2000; 117: Suppl. 2, 398S–401S.

22 Miravitlles M, Guerrero T, Mayordomo C, Sanchez-
Agudo L, Nicolau F, Segu JL. Factors associated with
increased risk of exacerbation and hospital admission in a
cohort of ambulatory COPD patients: a multiple logistic
regression analysis. The EOLO Study Group. Respiration
2000; 67: 495–501.

23 Donaldson GC, Seemungal TA, Bhowmik A, Wedzicha JA.
Relationship between exacerbation frequency and lung
function decline in chronic obstructive pulmonary disease.
Thorax 2002; 57: 847–852.

24 Doll H, Grey-Amante P, Duprat-Lomon I, et al. Quality of
life in acute exacerbation of chronic bronchitis: results from
a German population study. Respir Med 2002; 96: 39–51.

25 Miravitlles M, Ferrer M, Pont A, et al. Effect of exacerba-
tions on quality of life in patients with chronic obstructive
pulmonary disease: a 2 year follow up study. Thorax 2004;
59: 387–395.

26 Burge PS, Calverley PM, Jones PW, Spencer S,
Anderson JA, Maslen TK. Randomised, double blind,
placebo controlled study of fluticasone propionate in
patients with moderate to severe chronic obstructive
pulmonary disease: the ISOLDE trial. BMJ 2000; 320:
1297–1303.

27 Spencer S, Calverley PM, Sherwood Burge P, Jones PW.
Health status deterioration in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
2001; 163: 122–128.

28 Stolk J, Ng WH, Bakker ME, et al. Correlation between
annual change in health status and computer tomography
derived lung density in subjects with a1-antitrypsin
deficiency. Thorax 2003; 58: 1027–1030.

29 Kanner RE, Anthonisen NR, Connett JE. Lower respiratory
illnesses promote FEV(1) decline in current smokers but
not ex-smokers with mild chronic obstructive pulmonary
disease. Results from the lung health study. Am J Respir
Crit Care Med 2001; 164: 358–364.

30 Wencker M, Fuhrmann B, Banik N, Konietzko N.
Longitudinal follow-up of patients with a(1)-protease
inhibitor deficiency before and during therapy with IV
a(1)-protease inhibitor. Chest 2001; 119: 737–744.

EXACERBATIONS IN a1-ANTITRYPSIN DEFICIENCY M. NEEDHAM AND R.A. STOCKLEY

1000 VOLUME 25 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL


