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Abstract

Chronic obstructive pulmonary disease (COPD) is defined by progressive, irre-
versible airflow limitation and an inflammatory response of the lungs, usually to 
cigarette smoke. However, COPD is a heterogeneous disease in terms of clini-
cal, physiological, and pathological presentation. We aimed to evaluate whether 
airflow limitation, airway responsiveness, and airway inflammation are separate 
entities underlying the pathophysiology of COPD by using factor analysis. A total 
of 114 patients (99 males/15 females, age 62  8 years, 42 pack-years smok-
ing, no inhaled or oral steroids >6 months) with irreversible airflow limitation 
(postbronchodilator FEV1 63  9% predicted, FEV1/inspiratory vital capacity 
[IVC] 48  9%) and symptoms of chronic bronchitis or dyspnea were studied in 
a cross-sectional design. Postbronchodilator FEV1 and FEV1/IVC, reversibility to 
inhaled 2-agonists, diffusing capacity, provocative concentration of methacho-
line required to produce a 20% drop in FEV1, total serum IgE, exhaled nitric oxide, 
and induced sputum cell counts (% eosinophils, % neutrophils) were collected. 
Factor analysis yielded 4 separate factors that accounted for 63.6% of the total 
variance. Factor 1 was comprised of FEV1, FEV1/IVC, and residual volume/total 
lung capacity. Factor 2 included reversibility, IgE, provocative concentration of 
methacholine required to produce a 20% drop in FEV1, and diffusing capacity. Fac-
tor 3 contained exhaled nitric oxide and factor 4 included sputum % neutrophils 
and % eosinophils. We conclude that airflow limitation, airway inflammation, and 
features commonly associated with asthma are separate and largely independent 
factors in the pathophysiology of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a disease characterized by pro-
gressive airflow limitation, which is not fully reversible (1). However, COPD has 
been recognized as a heterogeneous disorder (2), with components of chronic bron-
chitis, small airways disease, emphysema, and in some patients perhaps, features 
of asthma (3). This is accompanied by pathophysiological characteristics, such 
as partial reversibility to bronchodilators, air trapping, impaired diffusing capac-
ity, and airway hyperresponsiveness (4). The presence and contribution of these 
features to the severity of COPD varies between patients and may reflect distinct 
pathophysiological mechanisms in development, clinical presentation, and course 
of the disease. It is increasingly recognized that such disease heterogeneity provides 
opportunities for targeted interventions (3;5).
Airway inflammation is thought to play an important role in the pathogenesis of 
COPD (6). The cellular inflammatory response is characterized by an increase in 
neutrophils, macrophages, and CD8-positive T-lymphocytes in small and large air-
ways as well as in lung parenchyma (7). The major cell type in induced sputum is 
the neutrophil, the quantity of which is associated with the severity of airflow limi-
tation (8;9). Although induced sputum does not cover all the inflammatory and 
structural changes of the lungs in patients with COPD, it does represent a non-
invasive marker of inflammation that is potentially useful for disease monitoring. 
Sputum eosinophilia has also been observed in patients with stable COPD, but its 
relationship to airflow limitation is controversial (8;10;11). It has been argued that 
sputum eosinophilia is related to concomitant features of asthma (12). This link 
would indicate that the pathophysiological entities underlying the clinical pheno-
types in COPD may be diverse and are still largely unknown.
The aim of this study was to objectively specify the heterogeneity of COPD by cat-
egorizing various functional and inflammatory features of COPD into separate, 
complementary domains without a priori assumptions. Factor analysis allows reduc-
ing multiple disease characteristics to a few independent factors, in which each fac-
tor groups associated parameters. Because this is essentially accomplished free of 
predetermined hypothesis on any interrelated parameters, this technique can be 
considered as a hypothesis-generating analysis.
Factor analysis has been applied previously in studies of patients with asthma (13-
16) and COPD (17). In patients with asthma, it has demonstrated that lung func-
tion, baseline airway hyperresponsiveness, and eosinophilic inflammation in spu-
tum are nonoverlapping dimensions (13), suggesting that evaluation of patients 
with asthma should include measurement of all these parameters. In COPD, factor 
analysis has been applied to study the relationship between dyspnea ratings, exer-
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cise capacity, lung function and hyperinflation (17-23). However, these studies did 
not include inflammatory markers and were unable to study the interrelationships 
between airway inflammation and the functional features of COPD. Therefore, in 
the present study, we performed factor analysis, including lung function indices 
and markers of inflammation in induced sputum and exhaled air, in 114 patients 
with clinically stable COPD. Some of the results of this study have been previously 
reported in the form of an abstract (24).

Material and Methods

Patients
Hundred fourteen patients (15 women) aged between 45 and 75 years with COPD, 
participating in a multi-center trial (Groningen Leiden Universities and Corticoster-
oids in Obstructive Lung Disease; GLUCOLD study), were included in this study. 
Patients were recruited from our outpatient clinics, as well as by advertisements in 
local newspapers, and by screening lung functions from patients in general practice 
in and around Leiden and Groningen, The Netherlands. All patients were current or 
ex-smokers and had a history of at least 10 pack years of smoking. They had irre-
versible airflow limitation (postbronchodilator FEV1 and FEV1/IVC < 90% confidence 
interval (CI) of the predicted value (25), FEV1  1.3 liter and > 20% of the predicted 
value) and at least one of the following symptoms: chronic cough, chronic sputum 
production, or dyspnea on exertion. In choosing the 90% CI of predicted values 
as selection criterion, as opposed to percentage of predicted values per se, we fol-
lowed the recommendation by the European Respiratory Society (25). Patients with 
a prior or concomitant history of asthma, alpha-1 antitrypsin deficiency (SZ, ZZ, 
zero phenotype), or other active lung disease except for mild bronchiectasis were 
not permitted to the study. The patients did not use a course of oral or inhaled 
steroids during the last three months, and did not have maintenance treatment 
with inhaled or oral steroids during the last six months. Maintenance drug therapy 
of non-selective beta-antagonists, long-acting bronchodilators, methylxanthines, 
N-acetylcysteine or NSAID’s was not permitted. Patients were allowed to use short 
acting 2-agonists and ipratropium bromide as rescue medication. The patients were 
in clinically stable condition and had no symptoms of respiratory tract infection for 
at least two weeks prior to the study. The Medical Ethics Committees of each center 
approved the study and all patients gave their written informed consent.

Study Design
The present study had a cross-sectional design, consisting of baseline measure-
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ments of the GLUCOLD Study. At visit 1 spirometry was performed before and 
after inhalation of salbutamol and blood was collected for measurement of total 
IgE. Body plethysmography, CO-diffusing capacity, and bronchial responsiveness 
to methacholine were obtained at a second visit. Finally, at the third visit exhaled 
NO was measured and hypertonic saline-induced sputum was collected. Inhaled 
bronchodilators were withheld for at least 8 hrs prior to visit day 1 and 2. All visits 
were performed within six weeks.

Lung Function
Spirometry was performed according to international guidelines (26). A daily-cal-
ibrated pneumotachograph (Masterscreen Pneumo or Masterscreen IOS; Jaeger, 
Würzburg, Germany) was used throughout the study. First, 3 slow inspiratory vital 
capacity maneuvers (IVC, largest value used) were carried out. Second, maximally 
8 forced expiratory vital capacity (FVC) maneuvers were performed to obtain at 
least 3 technically satisfactory expiratory flow-volume curves from which the forced 
expiratory volume in 1 second (FEV1) and FVC did not deviate > 5% or 100 ml from 
the largest FEV1 and FVC. From these curves, we used values of the curve with the 
largest sum of FEV1 and FVC (26).
Reversibility of airflow limitation ( FEV1) was measured 15 min after administra-
tion of 400 g salbutamol per metered dose-inhaler connected to a spacer (27). The 
response was expressed as change in FEV1 as percentage of predicted value (27).
Total lung capacity (TLC) and residual volume (RV) were measured using a con-
stant volume body plethysmograph (Masterscreen body or Masterlab body; Jaeger, 
Würzburg, Germany), using panting at 0.5 Hz (25).
The diffusing capacity (transfer factor) for carbon monoxide (TLCO) and TLCO per 
liter alveolar volume (KCO) were measured using the single breath holding method 
with a rolling seal closed system (Masterscreen MS-CS-FRC, Masterlab transfer or 
Compactlab transfer; Jaeger, Würzburg, Germany) (28). Reference values for all 
lung function measurements were obtained from Quanjer et al. (25).
Methacholine challenge tests were performed according to the tidal breathing 
method (29), using serial doubling concentrations methacholine-bromide (0.038 
to 39.2 mg/ml) in saline. Methacholine was aerosolized (DeVilbiss 646, Somerset, 
PA) and inhaled by the 2-min tidal breathing method at 5-minute intervals until 
FEV1 dropped by  20% (lowest of two FEV1 values; at 30 and 90 seconds) from 
baseline. The response was expressed as the provocative concentration causing 20% 
fall in FEV1 (PC20).

Sputum induction and processing
Sputum was induced and processed according to a validated technique (30), with 
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some modifications. Prior to sputum induction, 200 g salbutamol was admin-
istered and baseline FEV1 was recorded. Hypertonic sodium chloride aerosols 
(4.5 w/v %) were generated by a DeVilbiss Ultraneb 2000 ultrasonic nebulizer 
with a calibrated particle size (MMAD 4.5 m) at maximal output (2.5 ml/min). 
The aerosols were inhaled via the mouth through a two-way valve (No. 2700; 
Hans-Rudolph, Kansas City, MO, USA), with the nose clipped. Subsequently, the 
patients inhaled hypertonic saline aerosols during 3 periods of 5 min and sputum 
was expectorated after each inhalation. Salbutamol was administered when FEV1 
dropped by > 10% from post-salbutamol baseline value and the procedure was 
interrupted when FEV1 dropped by > 20%.
Whole sputum samples were processed. The sample was then mixed with an equal 
volume of dithiothreitol 0.1% w/v (Sputolysin, Calbiochem, USA) and placed in a 
shaking water bath at 37ºC for 15 min. Then sputum was filtered through a nylon 
gauze (pore-size approximately 48 m) and centrifuged (450 x g) for 10 minutes 
at 20oC. The cell pellet was then resuspended in phosphate-buffered saline (PBS) 
containing 1 % (w/v) human serum albumin (HSA), pH 7.4. Cell viability and 
total cell counts were performed by Trypan blue exclusion using a hemacytometer. 
Subsequently, cytocentrifuge slides were prepared (450 rpm, 6 minutes, 100 l/
slide, Cytospin 3, Shandon, Life Sciences International, Veldhoven, NL) and dif-
ferential cell counts were performed on May-Grünwald-Giemsa-stained cytospins 
by a qualified technician. Differential leucocyte and cylindric epithelial cell counts 
were expressed as a percentage of nucleated cells excluding squamous cells. A 
sputum sample was considered adequate when the percentage squamous cells 
was less than 80% (30).

Exhaled nitric oxide
Exhaled NO (eNO) levels were determined according to a standardized procedure 
(31) with some modifications, using a chemiluminescence analyzer (Sievers NOA 
270B or ECO physics CLD 700 AL). Patients were asked not to smoke for at least 
1 hour prior to the test. A slow vital expiratory capacity maneuver with a con-
stant expiratory flow of 100 mL/sec against an expiratory resistance of 5 cm H2O 
was performed. Expiratory NO concentration was sampled continuously from the 
center of the mouthpiece and the average concentration was determined during a 
period of 10 seconds. Three reproducible successive recordings were made at 30-s 
intervals, from which the mean values of exhaled NO were used in the analysis.

Peripheral blood measurements
Total serum IgE concentrations were measured by fluoroimmunoassay (FEIA) 
using the Pharmacia CAP system (Pharmacia Diagnostics, Uppsula, Sweden).
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Statistical analysis
Mean values and SD were computed. When appropriate variables were logarithmi-
cally transformed before statistical analysis and presented as median with inter-
quartile range.
Exploratory factor analysis included the following variables: postbronchodilator 
FEV1 (%pred), postbronchodilator FEV1/IVC (%), FEV1 (%pred), KCO (%pred), 
PC20 (mg/ml), RV/TLC (%), eNO (ppb), sputum % neutrophils and % eosinophils 
and total serum IgE (IU/ml). The possibility to perform factor analysis was tested 
by Bartlett’s test of sphericity. The Kaiser-Meyer-Olkin (KMO), a measure of sam-
pling adequacy based on correlation and partial correlation, was also evaluated. 
A high KMO (maximum 1.0) indicates that data are likely to factor well since 
correlations between pairs of variables can be explained by the other variables 
(low partial correlation coefficients). Correlation coefficients were analyzed by 
principal component factor analysis and subsequent rotation according to the 
standard Varimax criterion (32). In this type of analysis, the correlation between 
parameters is attributed to their common dependence on independent entities 
called “factors”. The parameters are separated into independent subgroups, and 
the correlation of parameters within subgroups is due to their common factor. 
The coefficients that link parameters to factors are called “factor loadings”, and 
are the correlation coefficient between parameters and factors. The number of 
factors is chosen to be as small as possible but large enough to account for most 
of the variation within the data. The number of factors was determined by the 
number of eigenvalues, an index of the proportion of variance explained by suc-
cessive factors, whose magnitude was  1 on the Scree plot. However, also the 
percentage of total variance explained by the factors was taken into account. The 
Varimax rotation procedure aims to increase the interpretability of the factors by 
rotation to a simple structure with optimal loadings, such that they are high or 
low. Ideally, each variable would have a high loading on one factor, whereas its 
loadings on other factors would be low. In the Varimax rotation this is technically 
achieved by maximalizing the variation within a factor. Finally, we conducted three 
additional factor analyses to determine the stability of the factor structures, and 
thus the robustness of our findings. First, we excluded outliers from the data set, 
defined as data outside the range of mean  3 x SD, and repeated the factor analysis. 
Next, the analysis was repeated with number of neutrophils and eosinophils per 
ml sputum, instead of % neutrophils and eosinophils. Since smoking is the main 
risk factor for development of COPD, an additional factor analysis was performed 
in which the number of pack years was added. Univariate correlations were evalu-
ated using Pearson correlation coefficient. All analyses were performed with the 
Statistical Package of Social Sciences (SPSS 11.0).
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Results

Patient characteristics
Patient characteristics of the 114 participants are presented in Table 1. The mean 
(SD) postbronchodilator FEV1 was 63.0 (8.8) %pred, with a range from 40.8 to 
77.7 %pred. This result indicates that all patients were classified as having moderate 
to severe COPD according to Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) criteria (GOLD stage II and III) (1). The patients were heavy smokers with 
a median of 41.8 pack-years and most of them were current smokers (63.2%).

Table 1. Patient characteristics.

n Mean (SD or IQR)

Clinical characteristics

   Sex, male/female 114 99 / 15

   Age, yr 114 62 (8)

   Smoking history, pack-years * 114 41.8 (31.2-54.8)

   Current smoker, yes/no, n 114 72 / 42

   IgE, IU/ml* 113 40 (11.5-125)

Lung Function

   Post FEV1, %pred 114 63.0 (8.8)

   Post FEV1/IVC, % 114 48.2 (8.5)

   FEV1, %pred 113 6.9 (4.9)

   KCO, %pred 112 75.9 (25.5)

   PC20, mg/ml† 110 0.60 (2.76)

   RV/TLC, % 113 48.5 (8.8)

Airway inflammation

   eNO, ppm 92 13.1 (12.7)

   Sputum eosinophils, %* 106 1.1 (0.3-2.2)

   Sputum neutrophils, % 106 69.4 (16.0)

   Sputum eosinophils, n (x 104/ml)* 106 1.4 (0.4-4.5)

   Sputum neutrophils, n (x 104/ml)* 106 102 (47-229)

Definition and abbreviations: FEV1 = change in FEV1 as percentage of predicted (reversibility to salbutamol); 
eNO = exhaled nitric oxide; IQR = interquartile range (25th and 75th percentile”); IVC = inspiratory vital 
capacity; KCO = diffusing capacity for carbon monoxide per liter alveolar volume; %pred = percentage of pre-
dicted; PC20 = provocative concentration of methacholine causing a 20% fall in FEV1; RV = residual volume, 
TLC = total lung capacity. * Median (IQR). † Geometric mean  doubling dose.
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Factor analysis
Bartlett’s test of sphericity indicated a correlation between the presently used 
variables because the correlation matrix was statistically different from an iden-
tity matrix (approximate 2 = 165.864, degrees of freedom = 45, p<0.001). The 
Kaiser-Meyer-Olkin value was 0.594. Factor analysis yielded 3 separate factors, 
explaining only 53.7% of the total variance in the data set when the eigenvalue 
1 criterion was applied. Therefore, an additional factor analysis was performed 
with the same data in which 4 factors were selected. This resulted in an increase 
of total explained variance to 63.6%.
The correlations with the original variables obtained for each Varimax-rotated 
factor (called factor loadings) and the eigenvalues are displayed in Table 2. FEV1, 
FEV1/IVC, and RV/TLC loaded significantly on factor 1. Factor 2 included FEV1, 
total IgE, PC20, and KCO. eNO loaded on factor 3, whereas sputum % neutrophils 
and eosinophils loaded on factor 4. Interestingly, KCO contributed also to factor 1, 
and % neutrophils contributed also to factor 3.

Additional Factor Analyses
Factor analysis without outliers in the data set resulted in a similar four-factor struc-

Table 2. Varimax Rotated Factor-loading Matrix from Factor Analysis.

    Factor 1    Factor 2    Factor 3    Factor 4

Postbr. FEV1, %pred 0.89 -0.16 -0.09 -0.07

Postbr. FEV1/IVC, % 0.82 0.04 -0.23 0.22

RV/TLC, % -0.59 -0.36 -0.03 0.15

FEV1, %pred -0.06 -0.72 0.08 0.11

IgE, IU/ml -0.09 0.61 0.10 -0.07

PC20, mg/ml 0.36 0.51 -0.35 0.14

KCO, %pred 0.44 0.49 0.25 0.31

eNO, ppb -0.09 0.10 0.89 -0.11

Sputum eosinophils, % -0.09 0.02 0.19 -0.84

Sputum neutrophils, % -0.18 -0.25 0.47 0.54

Eigenvalue 2.67 1.50 1.20 0.99

Total variance explained, % 26.7 15.0 12.0 9.9

Definition and abbreviations: FEV1 = change in FEV1 as percentage of predicted (reversibility to salbutamol); 
eNO = exhaled nitric oxide; IVC = inspiratory vital capacity; KCO = diffusing capacity for carbon monoxide per 
liter alveolar volume; %pred = percentage of predicted; PC20 = provocative concentration of methacholine 
causing a 20% fall in FEV1; RV = residual volume, TLC = total lung capacity. Bold values represent the highest 
loadings of a variable.
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ture as the original one, accounting for 63.4% of the total variance, with the excep-
tion that % neutrophils loaded on factor 3 with eNO and not on factor 4.
Factor analysis with number of neutrophils and eosinophils per ml sputum, 
instead of % neutrophils and eosinophils, did not change the contents of the fac-
tors essentially. Again four factors, accounting for 66.0% of the total variance, 
were found using the eigenvalue 1 criterion. Factor 1 was the same as in the origi-
nal analysis. Factor 2 included numbers of neutrophils and eosinophils, both with 
a positive factor loading. Factor 3 contained the variables that originally loaded on 
factor 2: FEV1, total IgE, and PC20. Finally, factor 4 included eNO and KCO.
Factor analysis with inclusion of number of pack-years as an additional variable 
revealed four factors explaining 59.1% of total variance, according to the eigen-
value 1 criterion. All factors were similar to the original analysis described previ-
ously, with the exception that KCO and PC20 switched from factor 2 to factor 1. 
Number of pack-years smoked loaded on factor 2 together with FEV1 and total 
IgE (Table 3).

Table 3. Varimax Rotated Factor-loading Matrix from Factor Analysis with pack years.

   Factor 1    Factor 2    Factor 3    Factor 4

Postbr. FEV1/IVC, % 0.77 -0.0002 -0.33 0.20

Postbr. FEV1, %pred 0.72 -0.19 -0.24 -0.03

RV/TLC, % -0.68 -0.05 -0.20 0.25

KCO, %pred 0.59 0.25 0.37 0.24

PC20, mg/ml 0.59 0.28 -0.13 -0.03

Pack-years -0.22 0.70 -0.32 0.06

FEV1, %pred -0.29 -0.62 -0.11 0.20

IgE, IU/ml 0.07 0.61 0.18 -0.05

eNO, ppb -0.18 0.05 0.84 0.02

Sputum eosinophils, % -0.23 0.09 0.16 -0.74

Sputum neutrophils, % -0.28 -0.08 0.25 0.68

Eigenvalue 2.67 1.56 1.22 1.06

Total variance explained, % 24.2 14.2 11.1 9.6

Definition and abbreviations: FEV1 = change in FEV1 as percentage of predicted (reversibility to salbutamol); 
eNO = exhaled nitric oxide; IVC = inspiratory vital capacity; KCO = diffusing capacity for carbon monoxide per 
liter alveolar volume; %pred = percentage of predicted; PC20 = provocative concentration of methacholine 
causing a 20% fall in FEV1; RV = residual volume, TLC = total lung capacity. Bold values represent the highest 
loadings of a variable.
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Univariate correlations
The univariate relationships among physiological and inflammatory param-
eters (sputum neutrophils, eosinophils, and eNO) were as follows. FEV1 was 
not associated with inflammatory parameters; however, RV/TLC was associated 
with sputum % neutrophils (r=0.203, p=0.04), and postbronchodilator FEV1, RV/
TLC, and PC20 were associated with number of neutrophils/ml sputum (r=-0.246, 
p=0.01; r=0.213, p=0.03 and r=-0.338, p<0.001, respectively). Postbronchodila-
tor FEV1, PC20, and FEV1/IVC were associated with eNO levels (r=-0.203, p=0.05; 
r=-0.207, p=0.05 and r=-0.304, p=0.003, respectively). FEV1/IVC was also related 
to sputum % eosinophils (r=-0.219, p=0.02), while postbronchodilator FEV1, KCO, 
PC20, and FEV1/IVC were also associated with number of eosinophils/ml sputum 
(r=-0.207, p=0.03; r=-0.204, p=0.04; r=-0.243, p=0.01 and r=-0.242, p=0.01, 
respectively).

Discussion

The aim of this study was to objectively specify the heterogeneity of COPD, by cat-
egorizing the various functional and inflammatory features of COPD into separate, 
complementary domains without a priori assumptions. Therefore, we performed 
a factor analysis using physiological and inflammatory data of 114 patients with 
moderate to severe COPD, not treated with inhaled steroids. This resulted in a four-
factor structure, explaining 63.6% of the total variance. Factor 1 included: FEV1, 
FEV1/IVC and hyperinflation; factor 2: 2-response, total serum IgE, airway hyper-
responsiveness and KCO; factor 3 included: eNO, and factor 4 included: sputum 
% neutrophils and eosinophils. These four factors indicate that airflow limitation, 
features commonly associated with asthma, and airway inflammation are separate, 
largely independent dimensions that characterize patients with COPD.
To our knowledge, this is the first study in patients with COPD combining functional 
parameters and markers of airway inflammation in a factor analysis. Previous stud-
ies have applied factor analysis on quality-of-life, symptoms scores, exercise capac-
ity, and lung function parameters in patients with stable COPD, without evaluating 
inflammatory indices (17-23). However, the latter have been part of factor analysis 
in recent asthma research (13;15;16). In patients with mild to moderate asthma, 
Rosi and colleagues demonstrated by factor analysis that airway function, bron-
chial responsiveness with reversibility, and eosinophilic inflammation, as assessed 
in sputum, are independent dimensions (13). Our current results demonstrate that 
airway function, bronchial responsiveness with reversibility, and inflammation as 
assessed in sputum or exhaled are predominantly nonoverlapping dimensions in 
patients with COPD as well.
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Interestingly, this study showed that measurements of airflow limitation, tradi-
tionally used to determine disease severity in COPD (33), and hyperinflation, a 
measure of air trapping, were combined in the first factor. According to the sta-
tistical method of factor analysis, these measurements represent an important, 
separate dimension in the assessment of patients with stable COPD. This result 
is consistent with some (17;23), but not all (21;22) previous factor analyses of 
lung function parameters in COPD. The second factor extracted from the data 
included reversibility of FEV1, airway hyperresponsiveness, total serum IgE, and 
diffusing capacity. Similarly, Ries and colleagues reported that bronchodilator 
response and diffusing capacity of COPD patients were grouped into separate fac-
tors from expiratory flow rates and hyperinflation (17). To our knowledge, there 
are no other studies in patients with COPD that have included these variables in 
a factor analysis. Finally, the third and fourth factor included eNO and sputum 
% neutrophils and eosinophils, respectively. This is a novel finding, illustrating 
the partial independency of these markers of inflammation from the traditionally 
used functional disease markers in COPD.
We included a large (n=114) group of patients with stable COPD, not using inhaled 
steroids for at least 6 months and without a clinical diagnosis of asthma. In terms 
of disease severity, patient characteristics included COPD patients of GOLD Stage 
II and III. Inclusion of very mild or very severe patients could have produced differ-
ent results, and therefore our results potentially lack generalizability. In contrast 
to some other studies, we did not exclude patients with COPD who were partially 
reversible to a bronchodilator, because the selection of non-reversible patients 
only would have excluded a large group of patients with COPD (34-36). Further-
more, it needs to be emphasized that this is a cross-sectional analysis of patients 
with stable COPD, and that the results do not account for exacerbations and 
other temporal events. Sputum cell counts and eNO were measured as noninva-
sive markers of inflammation. Obviously, this does not cover all the inflammatory 
and structural changes of the airways in COPD, but it does represent the markers 
that are potentially useful for disease monitoring.
Factor analysis is not an approach that is widely applied, presumably because 
of its complexity. A simple example that clarifies its value and interpretation has 
recently been described by Juniper and colleagues (14). The purpose of this pro-
cedure is to reduce a large set of variables and to clarify (absence of) relation-
ships between various parameters without reference to a specific criterion. Fac-
tor analysis does not regroup variables that are highly correlated, but factors are 
created based on calculated estimates of shared variance among variables, with 
the restriction that the factors reflect independent sources of variation. This pro-
cedure allows the user to determine whether associations between parameters are 
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attributable to noise of measurements. In clinical research, factor analysis allows 
the many parameters that characterize the disease to be reduced to a few, rela-
tively independent factors. We applied standard procedures of exploratory factor 
analysis with respect to the number of variables used in the analysis, the selection 
of number of factors, and the factor rotation (32). Additional factor analyses with 
replacement of % neutrophils and % eosinophils by cell counts per ml sputum, 
exclusion of outliers from the data set, and addition of the cumulative amount of 
smoking resulted in similar factor structures as the original analysis. This demon-
strates the robustness of the current findings.
The disease heterogeneity in COPD in terms of lung function and inflammation 
suggests that distinct pathophysiological pathways contribute to COPD. In agree-
ment with this concept, we observed that multiple functional and inflammatory 
characteristics were categorized into four independent dimensions. Interestingly, 
none of the parameters of factors 1 or 2 showed significant additional loadings 
on factors 3 or 4, and vice versa, which strengthens the independence of func-
tional and inflammatory dimensions. One exception to this was K

CO, which loaded 
together with eNO in the additional factor analysis using number of sputum cells 
instead of cell percentages. The value of using factor analysis in mapping disease 
heterogeneity is illustrated by our finding that some of the parameters were found 
to provide complementary information (loading on different factors) despite the 
existence of mutual correlation in univariate analyses.
The first factor can be interpreted as irreversible airflow limitation. The fact that 
diffusing capacity also had modest loading on this factor confirms earlier findings 
that the destruction of lung tissue is associated with increased airflow limitation 
and hyperinflation (37). Alternatively, diffusing capacity could also be a descrip-
tor of the status of altered pulmonary circulation in COPD: another structural 
component of COPD. Hence, restructuring of airways as well as lung tissue seems 
to be an important mechanism resulting in airflow limitation. Interestingly, our 
data suggest that this process is greatly independent of neutrophilic and eosino-
philic inflammation in the larger airways (grouped into factor 4). Neutrophils 
are able to induce tissue damage through the release of serine proteases and 
oxidants. However, this is not a prominent feature of other pulmonary diseases 
where chronic airway neutrophilia is even more prominent, such as cystic fibro-
sis and bronchiectasis (38). This suggests that other factors are involved in the 
generation of emphysema. In addition, increased neutrophil numbers are found 
in the airway lumen, but they are not a prominent feature of the airway wall or 
parenchyma in patients with COPD (7). Furthermore, the presence and role of 
eosinophils in COPD are uncertain (38). The observed increased levels of eosino-
phil cationic protein and eosinophil peroxidase in induced sputum from COPD 
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patients suggest the eosinophils are degranulated (39), which may be the result 
of the high neutrophil elastase levels in COPD (40). Our data supports this close 
relationship between neutrophils and eosinophils in COPD, but apparently, air-
flow limitation requires more than the presence of these granulocytes per se.
Parameters that are known to be associated with asthma predominantly grouped 
into the second factor. This may not be unexpected, since airway hyperrespon-
siveness, partial reversibility of airflow limitation, and increased serum IgE levels 
are not uncommon in COPD (41). An alternative interpretation would be that 
this second factor represents risk factors for progression of COPD, because bron-
chodilator response, airway hyperresponsiveness, and serum IgE levels have been 
associated with lung function decline (42). The finding that number of pack-years 
also loaded on factor 2 strengthens this concept, because smoking is known to 
be the main risk factor for progression of COPD (43). Although factor 2 also 
included KCO, its parallel loading on factor 1 suggests that gas exchange impair-
ment is associated with diverse pathophysiology.
The current separation of airway hyperresponsiveness and FEV1 into different fac-
tors supports epidemiological evidence that these disease characteristics provide 
complementary information on COPD (44), the PC20 in COPD not simply being a 
result of airflow limitation per se. However, the fact that PC20 also had moderate 
loading on the first factor and even highest loading the first factor in some of the 
additional factor analyses on, is in agreement with previous studies that suggest 
that PC20 is to some extent dependent on airway caliber in COPD (45). Although 
it has been reported previously that partial reversibility of airflow limitation is 
associated with sputum eosinophilia and elevated eNO in COPD (34), our fac-
tor analysis suggests that these features are largely independent. This confirms 
a previous factor analysis in asthma (13) and again may challenge the concept 
that eosinophilic airways inflammation is closely related to the “twitchiness” of 
the airways. Interestingly, we found that number of pack-years also loaded on 
the second factor with IgE and 2-response, and not with airflow limitation or 
sputum neutrophils. A significant relationship between total IgE and the degree of 
tobacco smoking has been reported previously (46), suggesting that the increase 
in IgE may be partly due to tobacco smoking. Although, in this study, univariate 
analysis revealed significant correlations between eNO and FEV1, FEV1/IVC, and 
PC20, eNO was extracted into a factor independent from functional parameters 
as well as sputum cell counts. This indicates that this exhaled marker might be a 
rather autonomic phenomenon and bodes ill for the use of eNO in monitoring of 
disease activity.
In conclusion, this analysis has categorized multiple disease features of COPD 
without a priori assumptions on their interrelationships. Our data suggest that 
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airflow limitation, asthma-like components, eNO and sputum inflammatory cell 
counts offer separate and additive information about the pathophysiological con-
dition of COPD patients. This confirms the complex heterogeneity of the disease 
and may change some of the current concepts on the distinct pathophysiologi-
cal pathways involved. Accordingly, it needs to be examined whether the clinical 
evaluation of patients with COPD should include each of these complementary 
entities.
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