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ABSTRACT: There is inherent daily variability of sputum inflammatory mediators in stable-state

patients with usual chronic obstructive pulmonary disease (COPD). The variability of pulmonary

inflammation in patients with a1-antitrypsin deficiency (A1ATD) is unknown. Our study aimed to

quantify this variability, in comparison to patients with usual COPD, in order to facilitate power

calculations for proof of concept trials of putative specific anti-inflammatory agents in both

groups.

Sputum interleukin (IL)-8, myeloperoxidase (MPO), leukotriene B4 (LTB4) and differential cell

counts were measured in 12 usual COPD patients and 12 A1ATD patients on nine occasions over

a 1-month period. All samples were obtained in the stable clinical state.

There was significant daily variability in all mediators in all patients. A1ATD patients had higher

sputum concentrations of IL-8 and LTB4 compared with usual COPD, but lower levels of MPO and

absolute neutrophil counts. Patients with usual COPD had more intra-patient variability, A1ATD

patients demonstrated greater inter-patient variability.

There are increased concentrations of pulmonary inflammatory mediators but fewer sputum

neutrophils in A1ATD compared with usual COPD. The daily variability of inflammatory mediators

and cell counts was significantly reduced in both groups by averaging sequential samples. This

can be utilised to perform power calculations for future proof of concept studies; averaging three

sequential samples appears optimum.

KEYWORDS: a1-antitrypsin deficiency, chronic obstructive pulmonary disease, inflammatory

mediators, sputum

C
hronic obstructive pulmonary disease
(COPD) is a common, progressive and
debilitating inflammatory disease [1]

with limited treatment [2]. The neutrophilic
inflammation present in stable disease does not
consistently respond to inhaled corticosteroids
[2], no therapies have been shown to prevent

disease progression and improve mortality [3, 4].

The disease is heterogeneous and the response to

universal treatments in generic cohorts of COPD

patients is limited [5, 6]. It may be that patients

need to be stratified into defined phenotypes to

gain maximum benefit from new therapies.

Utilising traditional primary end-points, such as

a reduction in forced expiratory volume in 1 s

(FEV1) decline, is prohibitively expensive due to

the patient numbers required. However, small,

short-term studies in phase II are essential, using

appropriate and well-characterised patients in
order to identify potentially effective therapies.

Pulmonary inflammation is thought to be central
to the development and progression of COPD,
with in vivo and in vitro evidence supporting the
role of the neutrophil in pathophysiology [7].
Neutrophilic inflammation correlates with dis-
ease severity [8, 9] and is elevated in disease
phenotypes associated with poorer outcomes,
such as chronic bronchitis [10] and patients with
frequent exacerbations [11]. Inflammatory med-
iators have been used in limited studies, e.g.
antibodies against interleukin (IL)-8 [12] and
small molecule antagonists of leukotriene B4

(LTB4) [13]. However, interpretation of these
studies has been hampered by small, poorly
defined patient groups and inappropriate clinical
end-points.

AFFILIATIONS

School of Clinical and Experimental

Medicine, University of Birmingham,

Birmingham, UK.

CORRESPONDENCE

E. Sapey

School of Clinical and Experimental

Medicine

University of Birmingham

Birmingham

B15 2TT

UK

E-mail: liz.sapey@aol.co.uk

Received:

Sept 19 2011

Accepted after revision:

Dec 21 2011

First published online:

June 14 2012

European Respiratory Journal

Print ISSN 0903-1936

Online ISSN 1399-3003This article has supplementary material available from www.erj.ersjournals.com

EUROPEAN RESPIRATORY JOURNAL VOLUME 40 NUMBER 3 561

Eur Respir J 2012; 40: 561–569

DOI: 10.1183/09031936.00162811

Copyright�ERS 2012

c



Previous studies described variability of inflammatory media-
tors in spontaneous sputum from stable patients with usual
COPD and chronic bronchitis and explored the effects of
multiple sampling on reducing variability [14]. In the stable
state, there is significant day-to-day variability in the concen-
trations of inflammatory mediators, both within (intra-patient)
and between patients (inter-patient). This intra-patient varia-
bility can be reduced using the average of sequential daily
samples [14]. Spontaneous sputum is particularly suited to
serial collection, as it reflects airways inflammation, has no
inflammatory sequalae and is acceptable to most patients (in
contrast to induced sputum and bronchoalveolar lavage) [15].

With this information, phase II clinical trials can be adequately
powered to detect a predetermined change in mediator con-
centrations. This is fundamental for phase II trials that need
appropriate anti-inflammatory end-points to establish the po-
tential of long-term efficacy. Lung physiology may not always be
the most appropriate end-point as it is slow to change and may
take years to demonstrate a difference in decline.

Patients with a1-antitrypsin deficiency (A1ATD) account for 2%
of patients with COPD, and have a similar spectrum of lung
disease compared to patients with usual COPD. However,
clinically significant disease tends to be diagnosed at a younger
age and following less cigarette smoke exposure [16]. a1-
antitrypsin (a1-AT) inhibits neutrophil elastase on a one-to-one
molar basis and reduced concentrations of circulating a1-AT are
less able to inhibit neutrophil elastase released during cell
migration, frustrated phagocytosis and cell necrosis, thereby
leading to excessive tissue damage [17].

A1ATD is also a heterogeneous condition, and patients differ
in their clinical phenotypes and rates of decline [18]. Up to 40%
of patients with A1ATD have a chronic bronchitis phenotype
[19], compared with 30% of patients with usual COPD [20].
A1ATD is associated with increased evidence of inflammation
compared to usual COPD [21, 22], but the daily variability of
sputum inflammatory mediators has not been assessed within
A1ATD patients.

The aims of this study were three-fold. First, to study inflam-
matory mediators and cells in a cohort of patients with closely
matched A1ATD and usual COPD. Secondly, to describe and
compare the variability in inflammatory mediators in the
sputum of patients with usual COPD and A1ATD. Thirdly, to
generate data to facilitate power calculations for phase II
interventional studies.

MATERIALS AND METHODS
12 patients with the PiZZ phenotype of A1ATD were recruited
from the Antitrypsin Deficiency Assessment and Programme
for Treatment (ADAPT) register. Patients were selected because
they had chronic bronchitis as defined by the Medical Research
Council criteria [23]. Post-bronchodilator spirometry was per-
formed to confirm the presence of airflow obstruction. Gas
transfer was assessed by single breath carbon monoxide transfer
according to Association for Respiratory Technology and
Physiology guidelines [24], and quantitative computed tomo-
graphy (CT) was used to measure the extent of emphysema. a1-
AT levels were measured by immunoassay and phenotype was
identified by isoelectric focusing, confirmed by genotyping
(Heredilab, Salt Lake City, UT, USA).

12 patients with usual COPD (matched for disease severity
classified by Global Initiative for Chronic Obstructive Lung
Disease guidance, gas transfer, sex, body mass index, exacer-
bation frequency and treatment) were recruited from a tertiary
centre clinic. The COPD patients also underwent spirometry,
an assessment of gas transfer and had concomitant lung
pathology excluded both clinically and by a high-resolution CT
scan. Patients with evidence of bronchiectasis were excluded.
All usual COPD patients had their a1-AT levels measured to
exclude A1ATD.

Study design
Patients were reviewed on nine occasions over 1 month: daily
for 5 days, then on days 7, 14, 21 and 28. During the study
patients were asked to complete a daily diary card [25]. All
patients were clinically stable throughout the study (confirmed
by daily diary, clinical interview and examination) and had not
had an exacerbation or changes in treatment during the study
or for the preceding 8 weeks. At each visit, samples of blood
and spontaneous sputum were collected and diary cards,
symptoms, smoking intensity and treatments were reviewed.
Spirometry was performed on days 1, 7, 14 and 28 to assess
stability [23].

Sputum collection and processing
Sputum was collected on each occasion for a 4-h period from
waking. Mouth washing procedures were employed (with a
discarded double rinse with water prior to sputum expectora-
tion and collection) to reduce the possibility of contamination
from saliva. Patients who were current smokers were asked to
refrain from doing so during the collection period. Sputum
samples were divided into three aliquots. The first was ultra-
centrifuged at 50,000 6g for 90 min at 4uC to obtain sputum
soluble phase, as described previously [26]. The soluble phase
was used to measure mediator concentrations including IL-8,
myeloperoxidase (MPO) and LTB4. The second was treated
with dithiothreitol and cytospins prepared for total and
differential cell counts of squamous cells, neutrophils and
macrophages [27]. The final aliquot was used for quantitative
bacterial culture to assess colonisation.

Measurement of mediators
Mediator concentrations of IL-8 and LTB4 were measured in
duplicate using Enzyme Amplification Sensitivity Immunoassay
(R&D Systems, Abingdon, UK) and the results expressed in
molar concentrations. Each of these assays had been previously
validated [26]. For all mediators, the intra- and inter-assay
variability was ,10%, and all mediator concentrations were
above both the lower limit of detection and quantification for the
assay. MPO was measured using an in-house assay, validated
previously and quantified as mg?mL-1 [22].

Statistical analysis
Data analysis was performed using SPSS (version 17.0; SPSS,
Chicago, IL, USA). Normally distributed data are expressed
using mean¡SD. Non-normally distributed data (e.g. mediator
concentrations and cell counts) were log transformed to achieve
normality in order to calculate coefficients of variance (CV).

To study the effects of serial sampling on the intra-patient
variability of mediators, the means of multiple data points
were assessed [14]. First, 3-day means were calculated using
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data from days 1, 2 and 3; 2, 3 and 4; 3, 4 and 5, etc., and
subsequently the effects of 5 days; thus, 1, 2, 3, 4 and 5; 2, 3, 4, 5
and 6 until 5, 6, 7, 8 and 9.

Using variability data, power calculations for both a two-group
parallel comparison and a paired (crossover) comparison were
performed using the following formulae.

For a parallel design:

n51+2C (S/D)2

For a crossover design:

n51+C (S/D)2

where D was the smallest difference to be detected (for
illustrative purposes, an arbitrary effect of 50% reduction in
mediator concentration was chosen) and S represented the
standard deviation of the observations. C is a constant of 7.85
to provide an 80% power of detecting a reduction in mean
mediator concentration at the 5% level of significance [28].

All participants provided written, informed consent and all
studies were approved by the South Birmingham Research
Ethics Committee (LREC number 3359) in accordance with
good clinical practice.

RESULTS
24 patients were enrolled into the study and baseline
characteristics are shown in table 1. The main significant
difference between the groups was age (A1ATD patients were
typically younger). There were more current smokers among
patients with usual COPD. Among the A1ATD patients, most
patients were ex-smokers, two were active smokers, and one
had never smoked. The A1ATD patients attend a national
centre for this condition, and smoking cessation is reinforced at
every visit. There was no significant difference in pack-year
history between the two patient groups, although this may

reflect small patient numbers. Quantitative sputum culture
confirmed that no patient was colonised with potential
respiratory pathogens throughout the study. At each visit,
diary cards, symptoms and medications were reviewed, and
clinical examination was performed. No patients experienced
an exacerbation during the study, and there were no significant
changes in symptoms, clinical indices, smoking intensity,
treatment or recorded spirometry (data not shown). All
patients provided a sputum and blood sample at each visit.

Mediator concentrations
Patients with A1ATD had higher concentrations of IL-8 and
LTB4 than those with usual COPD but notably significantly
lower concentrations of both absolute sputum neutrophil
counts and MPO. There were no differences in absolute
sputum macrophage counts between groups (table 2).

Variability in mediator concentrations
There was considerable variability in the concentrations of
mediators and cells within individual patients. Figure 1
demonstrates the variability seen in mediator and cell
concentrations for one patient with A1ATD and one patient
with usual COPD. Table E1 (online supplementary data)
summarises the median data for each mediator and the cell
count for each patient.

Intra-patient variability (a measure of the changes in the
concentrations of sputum mediators and cell counts within
individual subjects) was calculated from the mean and SD of
each patient’s log-transformed data from all nine visits,
expressed as the CV. Intra-patient variability was not related
to changes in individual symptoms (as recorded in the
patients’ diary), clinical features or lung function (all of which
remained stable). MPO intra-patient variability was signifi-
cantly greater in usual COPD than A1ATD, suggesting that
these measurements or sample dilution fluctuated more day-
to-day within individual patients than those with A1ATD. The

TABLE 1 Baseline characteristic for patients included in the study

Characteristics A1ATD group Usual COPD

Subjects n 12 12

Age yrs 50 (33–66) 61 (57–67)**

Male 9 (75) 5 (42)

FEV1 L 0.95¡0.47 0.91¡0.3

FVC L 3.0¡0.87 3.05¡0.77

FEV1/FVC % 30.4¡9.2 37.1¡8.9

TL,CO % pred 49.2¡11.6 58.9¡15.2

BMI kg?m-2 23.9¡3.86 23.2¡4.1

Current smokers 2 (16.7) 7 (58)

Pack-yr history 29.0¡18.2 38.5¡17.7

Patients on long-acting bronchodilators 11 (92) 12 (100)

Patients on ICS 6 (50) 7 (58)

Patients on long-acting inhaled anti-muscurinics 9 (75) 10 (83)

Exacerbations in preceding year 4 (2–5) 3 (1–6)

Data are presented as median (interquartile range), n (%) or mean¡SD, unless otherwise stated. A1ATD: a1-antitrypsin deficiency; COPD: chronic obstructive pulmonary

disease; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; TL,CO: transfer factor of the lung for carbon monoxide; % pred: % predicted; BMI: body mass

index; ICS: inhaled corticosteroids. **: p,0.01.
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converse relationship was seen for sputum neutrophil counts,
which were higher in patients with A1ATD (table 3). There
were no significant differences in the variance of other
mediators or macrophage counts.

Intraclass correlation coefficients were calculated for each of
the mediators in both patient groups. The intraclass correlation
reflected the intra-patient CV; so where the intra-patient CV
was high, the intraclass correlation coefficients were generally
low and vice versa. However, the results show that in A1ATD,
whereas the intra-patient CV for MPO and LTB4 are similar
(36.0 and 32.0, respectively), the intraclass correlation coeffi-
cients are different at 0.931 and 0.634, respectively. This may be
due to the fact that intra-patient CVs assess within patient
variability relative to the means for patients, whereas intraclass
correlations assess within patient variability relative to the
within patient variability. The data are shown in table 4.

There was significant inter-patient variability in mediator and
cell counts. Inter-patient variability was calculated from the log-
transformed mean biomarker value for all patients, expressed as

the CV. This variability was primarily driven by a small number
of patients. Of note, three patients with A1ATD and two with
usual COPD had mean concentrations of all mediators and cell
counts that were at least double those of the group median. LTB4

is shown as an example in figure 2. Importantly, there were no
specific clinical characteristics (age, sex, lung physiology, lung
imaging, smoking history, medications or bacterial colonisa-
tion), which differentiated these patients from their peers.

There was significantly greater variance in MPO between
patients with A1ATD than those with usual COPD. There were
no other differences in the inter-patient variability of other
mediators and cell counts (table 5).

Reducing variability
The effect of using a rolling mean
When comparing a single mediator within patients, a significant
reduction in variability (as determined by CV) was obtained
using a 3-day rolling mean in all mediators and cell counts. No
further reduction in variability was seen using a 5-day rolling
mean. Figure 3 compares variability in mediator concentrations

TABLE 2 Inflammatory mediators and cells for a1-antitrypsin deficiency (A1ATD) patients and disease severity-matched controls
with usual chronic obstructive pulmonary disease (COPD)

A1ATD Usual COPD

IL-8 nM 11.29 (1.80–20.46) 3.72 (1.41–13.72)**

MPO mg?mL-1 0.78 (0.46–2.10) 1.77 (1.12–3.53)*

LTB4 nM 12.16 (3.85–37.84) 6.10 (1.35–17.81)**

Absolute sputum neutrophil count 106?mL-1 2.6 (0.9–5.7) 6.1 (4.3–9.8)**

Absolute sputum macrophage count 106?mL-1 0.6 (0.3–1.35) 0.3 (0.1–0.7)

Data are presented as overall median (interquartile range). The overall median is calculated using the average mediator concentration or cell count from each of the nine

visits for each subject in each patient group. IL: interleukin; MPO: myeloperoxidase; LTB4: leukotriene B4. *: p,0.05; **: p,0.01.
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FIGURE 1. Changes in the concentrations of sputum soluble phase mediators for patients with a1-antitrypsin deficiency (A1ATD) and a patient with usual chronic

obstructive pulmonary disease (COPD) during the study period. a) Changes in raw data over 1 month for an A1ATD patient for the sputum soluble mediators interleukin (IL)-8

(nM), myeloperoxidase (MPO; mg?mL-1) and leukotriene (LTB)4 (nM), and sputum absolute neutrophil and macrophage counts (cells 6106?mL-1) for each visit. b) Changes in

raw data over 1 month for a matched usual COPD patient for the sputum soluble mediators IL-8, MPO and LTB4, and sputum absolute neutrophil and macrophage counts for

each visit.
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and the effect of rolling means for one representative patient
with A1ATD and one with usual COPD. Table E2 (online
supplementary data) describes the changes in intra-patient CV
observed when using data from a single day, or a 3- or 5-day
rolling mean for each patient.

Determining the sample size required to power
interventional studies
Once intra-patient and inter-patient variability was determined
in each group, calculations could be performed to assess the
numbers needed to power clinical studies of a putative therapy
adequately, where a reduction in mediator concentration or
cell count would be the primary end-point.

Using a cross-over design, the number of patients needed to
observe a 50% reduction in sputum neutrophil counts using a
single data point per patient in A1ATD would be 93. However,
if the data from 3 days is used, the number needed to detect
the same reduction would be 61, and 41 with a 5-day average.

In usual COPD, using a cross-over design, the number of
patients needed to see a 50% reduction in sputum neutrophil
counts using a single data point per patient would be 26. If a
3-day average is used, the number needed to detect the same
reduction would be 5, and 4 with a 5-day average.

Table 6 summarises the average number of patients required
to detect similar changes in mediators and macrophage counts
when a single sample is collected or when the average of the
first three or five consecutive samples is used for power
calculations in both patient groups. Table E3 (online supple-
mentary data) presents the same data where a parallel study
design is used.

DISCUSSION
These unique studies of inflammatory biomarkers were
performed in extensively phenotyped patients with A1ATD
and matched patients with usual COPD, all with chronic
bronchitis. Patients with A1ATD had higher concentrations of
IL-8 and LTB4 in their sputum, compared with patients with
usual COPD, and supports previous reports [21, 29].

Interestingly, concentrations of MPO and absolute neutrophil
counts were lower in A1ATD compared with usual COPD.
There are no published data that directly compare concentra-
tions of MPO and neutrophil counts from which to draw
comparison; however, the values gained for the other
inflammatory mediators in this study are similar to previously
published data for both patient groups [14, 15, 30–32]
suggesting our results are robust. It may be that the differences
in neutrophilic inflammation reflect greater neutrophil reten-
tion in the tissues of A1ATD due to the local accumulation of
polymers [33], or a greater chemotactic response of neutrophils

TABLE 3 Intra-patient variability of sputum inflammatory mediators and cell counts in matched stable patients with usual chronic
obstructive pulmonary disease (COPD) and a1-antitrypsin deficiency (A1ATD)

IL-8 MPO LTB4 Sputum neutrophils Sputum macrophages

A1ATD 28.9 (14.5–74.0) 36.0 (18.3–44.3) 32.0 (20.8–53.7) 69.4 (67.2–117.2) 111.2 (85.6–154.5)

COPD 45.1 (22.0–88.1) 72.2** (42.8–85.7) 45.5 (14.8–122.9) 23.0* (18.6–33.3) 71.4 (37.5–97.9)

Data are presented as coefficient of variant (CV) median % (interquartile range). The median intra-patient (within patient) CV is derived from individual patients mediator-

specific CV, calculated using logged data from nine visits. IL: interleukin; MPO: myeloperoxidase; LTB4: leukotriene B4. *: p,0.05; **: p,0.01.

TABLE 4 Intraclass correlation coefficients of sputum
inflammatory mediators and cell counts in
matched stable patients with usual chronic
obstructive pulmonary disease (COPD) and
a1-antitrypsin deficiency (A1ATD)

A1ATD

IL-8 0.818 (0.664–0.935)

MPO 0.931 (0.858–0.977)

LTB4 0.634 (0.419–0.852)

Neutrophil count 0.170 (0.101–0.258)

Macrophage count 0.139 (0.088–0.200)

COPD

IL-8 0.746 (0.558–0.905)

MPO 0.577 (0.357–0.82)

LTB4 0.798 (0.633–0.927)

Neutrophil count 0.365 (0.166–0.674)

Macrophage count 0.654 (0.432–0.871)

Data are presented as intraclass correlation (95% confidence intervals). IL:

interleukin; MPO: myeloperoxidase; LTB4: leukotriene B4.
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antitrypsin deficiency (A1ATD) and usual chronic obstructive pulmonary disease

(COPD). Each data point represents one patient. Overall, patients with A1ATD had a

higher median concentration of LTB4 compared to patients with usual COPD

(p,0.01), despite notable outliers in each patient group.
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from COPD patients [34]. Differences between groups were
influenced by a subset of patients who displayed consistently
higher pulmonary inflammation during the study than their

matched peers. Nonetheless, differences in mediator concen-
trations and cell counts remained significant when these
outliers were excluded. Great efforts were taken to ensure
patients were clinically stable; exacerbations do not account for
the differences seen. Although subjects with A1ATD were
significantly younger and there was a trend towards fewer
active smokers, higher sputum cell counts and concentration of
mediators was not associated with age or smoking status.
Indeed, patients with A1ATD had higher concentrations of
inflammatory mediators in their sputum despite more being
ex-smokers, suggesting that the higher inflammatory load was
not a reflection of smoking status. Importantly, studies have
suggested that active smoking per se does not significantly
affect inflammatory profile [35]. The higher burden of IL-8 and
LTB4 in pulmonary secretions from patients with A1ATD
would be consistent with the anti-inflammatory role of a1-AT
and the pro-inflammatory role of its cognate protein (neu-
trophil elastase).

Sputum dilution, especially with oropharyngeal secretions,
could have affected mediator concentration. Although we took
the precaution of the patients rinsing their mouths prior to

TABLE 5 Inter-patient variability of sputum inflammatory
mediators and cell counts in matched stable
patients with usual chronic obstructive
pulmonary disease (COPD) and a1-antitrypsin
deficiency (A1ATD)

IL-8 MPO LTB4 Sputum

neutrophils

Sputum

macrophages

A1ATD 78.9 230.1 51.1 29.1 35.7

COPD 99.3 78.3** 71.1 20.6 58.0

Data are presented as coefficient of variance (CV) as %. The inter-patient

(between patients) CV is derived from individual patient’s mediator-specific

mean and SD (from logged data), calculated using data from nine visits. IL:

interleukin; MPO: myeloperoxidase; LTB4: leukotriene B4. **: p,0.01.
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FIGURE 3. Changes in intra-patient variability in three mediators using data from nine sequential visits or a 3-day rolling mean in a patient with a1-antitrypsin deficiency

(A1ATD) and a patient with usual chronic obstructive pulmonary disease (COPD). a) Changes in the concentrations of soluble (sol) phase mediators for a patient with A1ATD

during the study period. Each data point represents the measured concentration of one mediator for a single patient for a single visit. b) Changes in the concentrations of

soluble phase mediators for the same A1ATD patient using a 3-day rolling mean. Each data point represents the mean measured concentration of each mediator for three

consecutive days. c) Changes in the concentrations of soluble phase mediators for a patient with COPD during the study period. Each data point represents the measured

concentration of one mediator for a single patient for a single visit. d) Changes in the concentrations of soluble phase mediators for the same COPD patient using a 3-day

rolling mean. Each data point represents the mean measured concentration of each mediator for three consecutive days. IL: interleukin; MPO: myeloperoxidase; LTB4:

leukotriene B4.
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expectoration, the rinse itself or any remaining oropharyngeal
secretions could still dilute the samples. This could explain some of
the observed intra-patient variability and similar effects could
influence the between patient variability. However, this is unlikely
to explain differences seen in mediator and cell concentrations
between groups; because, if this were the case, we would expect
both mediators and cells in each patient to be either high (con-
centrated secretions) or low (dilute secretions). Instead, A1ATD
patients had higher levels of chemoattractants, but lower levels of
MPO, a combination that would not occur by dilution alone.
Although our sample size is small, median results were collated
from nine sequential samples from every patient; all measure-
ments were replicated, making measurement error unlikely.

There are no data that can explain why some patients appear
to have a higher burden of pulmonary inflammation and why
the usual COPD patients had more MPO and neutrophils in
pulmonary secretions. Even in these well-characterised and
closely matched cohorts of patients, there is significant inter-
patient variation in inflammatory profiles (immunopheno-
types) [14, 36, 37] and clinical outcomes [8, 38, 39], suggesting
FEV1 alone is insufficient to predict clinical course or response
to anti-inflammatory treatment. Cigarette smoking remains
the most important risk factor for the development of COPD
[40, 41], suggesting that a combination of genetic and environ-
mental factors interact to cause COPD. There has been much
research aimed at identifying candidate genes that may confer
genetic susceptibility, even in A1ATD.

Differences in inflammation could, therefore, be driven by
different genotypes [37] and it is likely that other uncommon
pro-inflammatory polymorphisms may co-exist [7] that influence
inflammatory phenotype and, potentially, responses to specific
anti-inflammatory treatments. It may be that patients with a
higher burden of inflammation have an as yet unidentified
polymorphism, which in combination with A1ATD drives a
more aggressive form of the disease, although this currently
remains largely speculative.

There is evidence of aberrant neutrophil migration in usual
COPD [42], which is not present in A1ATD [43, 44], and
differences in the adherence and speed of migrating neutrophils
in COPD could, theoretically, lead to an increased neutrophil
presence and degranulation in the airways, despite lower
concentrations of chemoattractants, potentially explaining the

lower neutrophil numbers in A1ATD despite higher chemoat-
tractant concentrations.

As seen previously in usual COPD [14, 45, 46], there was
significant day-to-day variability in measured inflammatory
mediators and cells. These are the first studies of serial
measurements in A1ATD and hence the first direct comparison
between A1ATD and usual COPD. Interestingly, there was
more intra-patient daily variability in MPO concentrations
within usual COPD patients, greater sputum neutrophil
variability in A1ATD patients and more inter-patient varia-
bility for the same measurements in A1ATD. We speculate that
MPO, which is a marker of neutrophil degranulation, may vary
more within patients with usual COPD due to differences in
neutrophil behaviour in this disease [42, 43].

It is unclear why patients with A1ATD display inter-patient
heterogeneity. Differences may be due, in part, to: 1) inter-subject
variation in circulating levels of a1-AT, which vary even between
subjects with deficiency, but would remain constant within an
individual; 2) the presence of polymers, believed to be chemotactic
for neutrophils [47]; or 3) the presence of interacting genetic
influences. Despite the variability noted both within and between
patients, power calculations performed in the current study
confirm that concentrations of sputum inflammatory mediators
and cells require significantly less patients to power studies
adequately than the clinical indices reported to date [48–50],
making them attractive end-points in early proof of concept trials.

A 3-day rolling mean had the optimal effect on intra-patient
variability and supports its use as a technique for studying
inflammation in interventional studies in both A1ATD and
usual COPD. Two 3-day collections of spontaneous sputum
(pre- and post-intervention) in each patient would provide a
sound basis for interpreting inflammatory changes following
treatment. There were differences in power calculations
between patients with A1ATD and usual COPD, particularly
when data from a single day was used, and especially when
using cell counts. Multiple data points reduced numbers
predicted by power calculations for both groups.

There is also a decrease in the variability following a 5-day
collection in some mediators, which slightly reduces the numbers
required to adequately power studies. Overall, this further
reduction is not significant from 3 days of sampling, and would

TABLE 6 A comparison of the numbers needed in a cross-over study design when data from 1 day, the mean of 3 days or the
mean of 5 days are used for calculations in a1-antitrypsin deficiency (A1ATD) and usual chronic obstructive pulmonary
disease (COPD)

Days IL-8 MPO LTB4 Neutrophil Macrophage

A1ATD COPD A1ATD COPD A1ATD COPD A1ATD COPD A1ATD COPD

1 31 83 339 80 18 66 53 26 78 32

3 4 7 38 6 4 4 32 5 49 14

5 4 6 26 9 5 4 31 4 38 10

Data are presented as the numbers required to provide an 80% chance of detecting a 50% decrease in mediators or cells at the 5% level of significance. Power

calculations were performed for each mediator or cell using data from the first study visit for 1 day data. Power calculations were performed using data collected on the

first 3 days (visit 1 to 3) or the first 5 days for 3 and 5 day data, respectively. IL: interleukin; MPO: myeloperoxidase; LTB4: leukotriene B4.
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require both greater patient compliance and cost. Hence, 3 days
appears to be optimum in terms of gaining the greatest reduction
in variability and patient numbers, whilst remaining practical in
terms of consecutive sample collection.

Our groups were closely matched, with the exception of
current smoking status, as there were fewer A1ATD patients
who were current smokers, although the pack-year history was
not statistically different between the groups, which may be a
possible limitation of our study. Irrespective of this, our study
highlights the fundamental importance of performing power
calculations in the subject group to be studied, using the end-
points of interest, as data collected from similar patients may
not necessarily reflect simple extrapolation.

Our study focused on patients with A1ATD and usual COPD
with a chronic bronchitis phenotype. Chronic bronchitis is of
prognostic importance as mucus hypersecretion is recognised
to be associated with an excess FEV1 decline, increased risk of
hospitalisation [51] and increased mortality from respiratory
infections [52]. Inflammatory airway burden appears higher in
patients who chronically expectorate sputum [10] and there is
evidence of differential treatment responses in patients with
COPD and chronic bronchitis, such as the increased efficacy of
the phosphodiesterase-4 inhibitor, roflumilast [5]. In light of
this, there is increasing importance in studying this phenotype
in COPD, as it is probable that this disease characteristic will
require a different treatment strategy to patients without
chronic sputum production.

Spontaneous sputum was chosen as its collection is noninva-
sive, can be repeated daily, does not evoke an inflammatory
response in the airways, is minimally operator dependent and
does not introduce an artificial dilution factor, making it an
ideal medium for serial studies, compared with induced
sputum or bronchoalveolar lavage [15, 53]. It does, however,
prohibit the inclusion of healthy controls. It has been well
established that the mediators and cells measured in this study
are increased in COPD compared with healthy controls [54, 55]
and the aims of this study were to document the variability of
measured mediators and their inter-relationships in sponta-
neous sputum samples from patients with A1ATD and COPD.
Data for sequential induced sputum or lavage are not
available, but it is likely that the inter-patient variability of a
single sample is equally wide and sample dilution by saline is
potentially more of a problem. Repeated sampling is far less
practical and pro-inflammatory in its’ own right. The use of
sputum, therefore, has the advantage of repeat sampling to
overcome these issues and is thus ideal for relevant proof of
concept studies.

In conclusion, the current study documents the daily variability
in sputum inflammatory mediator concentrations in the stable
state of both usual COPD and those with A1ATD. The data
demonstrate a higher cytokine inflammatory load in the sputum
of patients with A1ATD, despite more variability in patients
with usual COPD. The variability was not associated with
changes in symptomatology and the intra-patient variability
was reduced by averaging sequential samples, rather than using
a single data point. This approach can be used in practice when
conducting clinical trials, as using sequential sampling sig-
nificantly reduces the number of patients needed to power proof

of concept studies. In patients with usual COPD and A1ATD,
averaging three daily samples seemed optimum. The choice of
mediator to use for a study will vary depending on the underlying
disease, and a small pilot study with power calculations to
determine the variability should be undertaken. We suggest the
strategy employed here should be a critical first step.
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