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Objectives: We evaluated the association between severity of ill-
ness and microbial etiology of ICU-acquired pneumonia to define 
if severity should be used to guide empiric antibiotic choices.
Design: Prospective observational study.
Setting: ICUs of a university hospital.
Patients: Three hundredy forty-three consecutive patients with 
ICU-acquired pneumonia clustered, according to the presence of 
multidrug resistant pathogens.
Interventions: None.
Measurements and Main Results: Two hundred eight patients had 
ventilator-associated pneumonia and 135 had nonventilator ICU-

acquired pneumonia. We determined etiology in 217 patients 
(63%). The most frequent pathogens were Pseudomonas aerugi-
nosa, Enterobacteriaceae, and methicillin-sensitive and methicillin-
resistant Staphylococcus aureus. Fifty-eight patients (17%) had a 
multidrug-resistant causative agent. Except for a longer ICU stay 
and a higher rate of microbial persistence at the end of the treat-
ment in the multidrug-resistant group, no differences were found 
in clinical and inflammatory characteristics, severity criteria, and 
mortality or survival between patients with and without multidrug-
resistant pathogens, even after adjusting for potential confounders. 
Patients with higher severity scores (Acute Physiology and Chronic 
Health Evaluation II and Sepsis-related Organ Failure Assessment) 
and septic shock at onset of pneumonia had significantly lower 28- 
and 90-day survival and higher systemic inflammatory response. 
The results were similar when only patients with microbial diagnosis 
were considered, as well as when stratified into ventilator-associ-
ated pneumonia and nonventilator ICU-acquired pneumonia.
Conclusions: In patients with ICU-acquired pneumonia, severity 
of illness seems not to affect etiology. Risk factors for multidrug 
resistant, but not severity of illness, should be taken into account 
in selecting empiric antimicrobial treatment. (Crit Care Med 2014; 
42:303–312)
Key Words: intensive care unit; microbiology; nosocomial infection; 
severity of illness; ventilator-acquired pneumonia

ICU-acquired pneumonia (ICUAP) is the leading infec-
tion in critically ill patients accounting for prolonged 
mechanical ventilation (MV) and length of stay and 

poor outcome (1–4). Several cofactors are likely to play a role 
in the poor outcome of these patients, such as the severity 
of illness, preexisting conditions, and the host response to 
infection (5–7).

An early etiologic diagnosis and timely and appropriate 
antibiotic treatment may contribute to reduce complications 
and mortality (8–11). According to the current American 
Thoracic Society (ATS)/Infectious Disease Society of America 
(IDSA) guidelines (1), the diagnostic strategy for patients 
with suspected ICUAP should include clinical, radiologic, and 
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laboratory criteria, which could be supported by the clinical 
pulmonary infection score (CPIS) (12).

In absence of a rapid microbiologic confirmation test in 
the diagnosis of ICUAP, clinical judgment guides practice and 
treatment. We therefore need to identify variables other than 
microbiologic findings that could be useful to direct empiric 
antibiotic therapy choices, especially regarding multidrug-
resistant (MDR) pathogens.

In the 2005 ATS/IDSA guidelines (1), disease severity 
was not taken into account in the empiric antibiotic therapy 
algorithm, as it was in the 1996 guidelines (13), where the 
population was divided according to the severity of presen-
tation. Nevertheless, the definition of severity proposed was 
not completely satisfactory, as it did not directly apply to ICU 
patients, who are often mechanically ventilated, in shock or 
affected by acute respiratory distress syndrome (ARDS), and 
it did not include the Pao

2
/Fio

2
 ratio as a marker of sever-

ity. Furthermore, in recent years, studies have shown that 
the 2005 guidelines predict potentially MDR microorgan-
isms less accurately than the 1996 guidelines in patients 
with early-onset pneumonia without risk factors for MDR 
 infection (14).

To our knowledge, the majority of studies define sever-
ity of nosocomial pneumonia only in relation to mortality 
or mortality scores or use only one of the guideline criteria 
(15–17). The aim of this study was to evaluate the associa-
tion between severity of illness and the microbial etiology 
of ICUAP and to define if severity should be used to guide 
empiric antibiotic choices.

METHODS

Study Population
The study was conducted in six medical and surgical ICUs, 
with a total of 45 beds, in an 800-bed university hospital. 
Data were prospectively collected from January 2007 to 
December 2011. Investigators made daily rounds in each 
ICU. Patients older than 18 years admitted to these ICUs 
for 48 hours or more with clinical suspicion of ICUAP 
were prospectively and consecutively included, but only the 
first episode of pneumonia within the same admission was 
evaluated. Patients with severe immunosuppression (neu-
tropenia after chemotherapy or hematopoietic transplant, 
drug-induced immune suppression in solid-organ trans-
plant or cytotoxic therapy, and HIV-infected patients) were 
excluded. The institution’s internal review board approved 
the study, and written informed consent was obtained from 
patients or their next-of-kin.

Definition of Pneumonia
The clinical suspicion of pneumonia was based on either 1) 
clinical criteria (new or progressive radiologic pulmonary 
infiltrate together with at least two of the following: tempera-
ture > 38°C or < 36°C, leukocytosis > 12,000/mm3 or leukope-
nia < 4,000/mm3, or purulent respiratory secretions) (18, 19) 
or 2) a CPIS greater than or equal to 6 points (12).

Ventilator-associated pneumonia (VAP) was diagnosed 
in patients with previous invasive MV for 48 hours or more. 
Patients were clustered into VAP and nonventilator ICUAP 
(NV-ICUAP) (2). Early-onset pneumonia was defined as 
occurring within the first 4 days of hospitalization (1).

Data Collection and Assessment of Severity of Illness
All relevant data were collected at admission and at the onset 
of pneumonia from the medical records and bedside flow 
charts, including clinical, laboratory, radiologic, and micro-
biologic information. Patients’ follow-up was extended to 
death, hospital discharge, or up to 90 days after the diagnosis 
of pneumonia.

The assessment of severity included the Acute Physiology 
and Chronic Health Evaluation (APACHE)-II (20) and the 
Simplified Acute Physiology Score (SAPS)-II (21), which were 
calculated at admission to the ICU and at onset of pneumo-
nia. The Sepsis-related Organ Failure Assessment (SOFA) (22) 
score was calculated at ICU admission and for the first 9 days 
after the onset of pneumonia. We calculated the CPIS (12) at 
onset of pneumonia and for the nine following days.

We evaluated the Pao
2
/Fio

2
 ratio and we collected ventila-

tory variables at ICU admission, on the day of diagnosis, and 
for the first 9 days after the onset of pneumonia. Systemic 
inflammatory response syndrome, sepsis, severe sepsis, septic 
shock (23, 24), and ARDS (25) were defined according to pre-
viously described criteria.

We evaluated the serum levels of interleukin (IL)-6, IL-8, 
IL-10, tumor necrosis factor (TNF)-α, C-reactive protein, pro-
calcitonin, and midregional proadrenomedullin within the 
first 24 hours and the third day after the diagnosis of pneumo-
nia. All methods of these analyses have been recently described 
in detail (26, 27).

Microbiologic Data
The microbiologic evaluation included the collection of at 
least one lower respiratory airways sample by sputum, tracheo-
bronchial aspirates (TBAS), protected specimen brush (PSB), 
or bronchoscopic or blind bronchoalveolar lavage (BAL) 
if possible, within the first 24 hours of inclusion. The same 
sampling method was performed on the third day if clinically 
indicated. Blood cultures and from pleural fluid if puncture 
was indicated were also taken. Microbiologic confirmation of 
pneumonia was defined by the presence of at least one poten-
tially pathogenic microorganism (PPM) in respiratory samples 
above predefined thresholds (PSB > 103, BAL > 104, and spu-
tum or TBAS > 105 colony-forming units/mL, respectively) 
(28, 29), in pleural fluid, or in blood cultures if an alternative 
cause of bacteremia was ruled out. Microbial identification 
and susceptibility testing were performed by standard methods 
(30). Polymicrobial pneumonia was defined when more than 1 
PPM were identified as causative agents.

The initial empiric antimicrobial treatment was admin-
istered as soon as possible after pneumonia was diagnosed, 
according to local adaptation of the ATS/IDSA guidelines (1), 
based on the most frequently isolated pathogens and their 
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patterns of antimicrobial sensitivity in our institution and sub-
sequently revised according to the microbiologic results.

The empiric antimicrobial treatment was considered appro-
priate when the isolated pathogens were susceptible in vitro 
to at least one of the antimicrobials administrated at adequate 
dose (31).

MDR pathogens included methicillin-resistant 
Staphylococcus aureus (MRSA), Pseudomonas aeruginosa (resis-
tant to β-lactams, carbapenems, and fluoroquinolones), other 
MDR nonfermenting Gram-negative bacilli (Stenotrophomonas 
maltophilia or Acinetobacter baumannii resistant to β-lactams, 
aminoglycosides, fluoroquinolones, and carbapenems), and 
Enterobacteriaceae producing extended-spectrum β-lactamase 
(resistant to third-generation cephalosporins, β-lactams, and 
aztreonam) (32, 33).

Outcome Variables
The primary endpoint was to assess the relationship between 
severity of pneumonia and presence or absence of MDR patho-
gens. The main clinical characteristics and the variables repre-
senting disease severity and outcomes were compared between 
patients with and without MDR pathogens. We compared the 
28-day and 90-day survival after diagnosis of ICUAP between 
patients with and without an APACHE-II greater than or equal 
to 20, a SOFA score greater than or equal to 8, a Pao

2
/Fio

2
 ratio 

less than or equal to 200 mm Hg, and septic shock at onset of 
pneumonia. Secondary outcome variables included length of 
MV and stay, ventilator-free days (VFDs) at day 28 (34), the 
initial clinical response to treatment (35) evaluated after 72 
hours of antimicrobial treatment, and the microbiologic evo-
lution at the end of the treatment.

We also compared the variables representing disease sever-
ity between patients with early onset and no risk factors for 
MDR and patients with late onset and/or with risk factors for 
MDR (1).

Statistical Analysis
Data were analyzed with SPSS 19 (SPSS, Chicago, IL) and pre-
sented as number (proportions) and as mean ± sd or median 
(interquartile range). Qualitative or categorical variables were 
compared with the chi-square test or Fisher exact test, when 
appropriate. Quantitative continuous variables were compared 
using the unpaired Student t test or the Mann-Whitney non-
parametric test when appropriate. A log-rank test with death 
rates and time to events was analyzed by Kaplan-Meier curves. 
A two-sided p value of less than or equal to 0.05 was considered 
statistically significant.

The association of MDR pathogens with patients’ survival 
was adjusted for variables potentially related to mortality or 
survival, such as age, APACHE-II and SAPS scores at ICU 
admission, SOFA score, CPIS and Pao

2
/Fio

2
 ratio at onset of 

pneumonia, VAP or NV-ICUAP, unilateral or bilateral chest 
radiograph infiltrates, and appropriateness of empiric treat-
ment. We used Cox proportional hazard regression analysis for 
28-day and 90-day survival. Adjusted odds ratio (OR) and 95% 
CIs were calculated.

RESULTS

Patients
We prospectively analyzed 343 consecutive patients with criteria 
of ICUAP (Table 1). The microbiologic assessment of patients 
is described in Table 2. The etiology was determined in 217 

TAbLE 1. baseline Characteristics and 
Severity of Illness of the Study Populationa

Variables n = 343

Age, yr 63 ± 15

Male gender, n (%) 236 (68)

Ventilator-associated pneumonia, n (%) 208 (60)

Nonventilator ICU-acquired pneumonia, n (%) 135 (40)

  Needed subsequent intubation,b n (%) 90 (67)

APACHE-II score at admission to the ICU 17 ± 6

APACHE-II score at onset of pneumonia 16 ± 5

SAPS at admission to the ICU 39 ± 13

SAPS score at onset of pneumonia 40 ± 12

Sepsis-related Organ Failure Assessment score 7.5 ± 3

Shock at onset of pneumonia, n (%) 162 (47)

Shock after the onset of pneumonia, n (%) 130 (38)

Pao2/Fio2, mm Hg 189 ± 78

APACHE = Acute Physiology and Chronic Health Evaluation, SAPS = 
Simplified Acute Physiology Score.
aValues are given as mean ± sd unless otherwise stated.
bRequirement of intubation at the onset of pneumonia or after 24–48 since 
the beginning of antibiotics in patients with nonventilator ICU-acquired 
pneumonia.

TAbLE 2. Microbiologic Etiology

Microbiologically confirmed etiology, n (%) 217 (63)

Streptococcus pneumoniae, n (%) 11 (3)

Haemophilus influenzae, n (%) 8 (2)

Moraxella catarrhalis, n (%) 2 (0.5)

Methicillin-sensitive Staphylococcus aureus, n (%) 41 (12)

Methicillin-resistant S. aureus, n (%) 18 (5)

Pseudomonas aeruginosa, n (%) 64 (18)

  MDR P. aeruginosa, n (%) 18 (5)

Enterobacteriaceae, n (%) 65 (19)

  Extended-spectrum β-lactamase positive, n (%) 19 (5.5)

Other nonfermenting Gram negative, n (%) 9 (3)

  MDR, n (%) 5 (1.5)

Polymicrobial pneumonia 30 (9)

MDR = multidrug resistant.
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patients (63%); 30 patients (9%) had polymicrobial infection. 
The most frequently isolated pathogens were Enterobacteria-
ceae, P. aeruginosa, methicillin-sensitive S. aureus, and MRSA.

MDR Pathogens and Assessment of Severity
Fifty-eight patients (17%) had a MDR causative agent; two had 
polymicrobial MDR infection. The characteristics and sever-
ity criteria of patients with and without MDR pathogens were 
compared in Tables 3 and 4. Patients with MDR pathogens 
had a higher rate of previous hospital admission, a longer ICU 
stay, a lower rate of initial adequate treatment, and a trend to 
a higher frequency of VAP, instead of NV-ICUAP. Changes in 
the empiric treatment tended to be more frequent in patients 
with MDR pathogens, mainly due to identification of a resis-
tant microorganism. Similarly, microbial persistence after the 
treatment was more frequent in these patients.

We conducted these analyses only among patients with 
known etiology and we found similar results. In addition, we 

stratified patients into VAP and NV-ICUAP, and we found 
similar results.

Risk Factors for MDR Pathogens and Assessment 
of Severity
Fifty-five patients had early-onset pneumonia and no risk fac-
tor for MDR pathogens, whereas 288 had late-onset pneumo-
nia and/or at least one risk factor, according to the 2005 IDSA/
ATS guidelines (1). Except for higher CPIS score and serum 
levels of TNF-α at day 1 and a longer hospital stay in the later 
group, we did not find any significant difference in severity 
scores, clinical characteristics, and biomarkers tested between 
both groups (Table 5).

Inflammatory Response and Severity of Illness
The comparison of inflammatory response according to sever-
ity (APACHE-II score ≥ 20 and SOFA score ≥ 8) at onset of 
pneumonia is shown in Table 6. We found that the majority of 

TAbLE 3. Characteristics of Patients According to the Presence or Not of a Multidrug-
Resistant Etiologic Agenta

Variables No MDR Pathogens (n = 285) MDR Pathogens (n = 58) p

Age, yr 63 ± 15 65 ± 13 0.44

Male gender, n (%) 192 (67) 44 (76) 0.26

Comorbidities

  Chronic heart disease, n (%) 91 (32) 17 (29) 0.81

  Chronic lung disease, n (%) 85 (30) 25 (43) 0.069

  Current or former smokers, n (%) 147 (52) 30 (52) > 0.99

  Solid neoplasia, n (%) 44 (15) 14 (24) 0.16

  Diabetes mellitus, n (%) 59 (21) 18 (31) 0.12

  Chronic liver disease, n (%) 55 (19) 12 (21) 0.95

  Current or former alcohol abuse, n (%) 76 (27) 11 (19) 0.28

  Previous hospital admission, n (%)b 76 (27) 24 (41) 0.026

  Previous antibiotics, n (%) 213 (75) 47 (81) 0.31

Causes of ICU admission

  Hypercapnic lung insufficiency, n (%) 30 (11) 8 (14) 0.63

  Hypoxemic lung insufficiency, n (%) 46 (16) 5 (9) 0.21

  Septic shock, n (%) 27 (10) 8 (14) 0.46

  Acute coronary syndrome, n (%) 16 (6) 0 (0) 0.14

  Multiple trauma, n (%) 21 (7) 4 (7) 0.89

  Postoperative, n (%) 61 (21) 16 (28) 0.39

  Decreased consciousness, n (%) 40 (14) 5 (9) 0.37

  Nonsurgical abdominal disease, n (%) 17 (6) 6 (10) 0.36

  Other 27 6 —

MDR = multidrug resistant. Dash indicates between 24 and 48 hr.
aValues are given as mean ± sd unless otherwise stated.
bIn the preceding 90 d.
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TAbLE 4. Severity Criteria and Outcomes of Patients According to the Presence or Not of a 
Multidrug-Resistant Etiologic Agenta

Variables
No MDR Pathogens  

(n = 285)
MDR Pathogens  

(n = 58) p

Sepsis-related Organ Failure Assessment score at onset of 
pneumonia

8 ± 3 7 ± 3 0.464

APACHE-II score at ICU admission 17 ± 6 16 ± 6 0.13

APACHE-II score at onset of pneumonia 16 ± 5 15 ± 5 0.10

SAPS-II at admission to ICU 39 ± 13 39 ± 13 0.96

SAPS-II at onset of pneumonia 40 ± 12 39 ± 11 0.83

Clinical pulmonary infection score at onset of pneumonia 6.7 ± 1.5 6.7 ± 1.4 0.95

Ventilator-associated pneumonia, n (%) 168 (58) 42 (72) 0.062

Septic shock at onset of pneumonia, n (%) 137 (48) 25 (43) 0.57

Nonventilator ICU-acquired pneumonia needing subsequent 
intubationb

76 (65) 14 (88) 0.14

Pao2/Fio2 at onset of pneumonia, ± sd 187 ± 79 200 ± 75 0.23

Initial nonresponse to treatment, n (%) 143 (51) 35 (61) 0.20

Recurrence of pneumonia, n (%) 36 (13) 6 (10) 0.79

Duration of the empiric treatment, d 9 ± 6 11 ± 8 0.16

Initial adequate treatment, n (%)c 144 (92) 41 (71) < 0.001

Changes in the empiric treatment, n (%) 170 (63) 44 (76) 0.064

Reasons to change the empiric treatment, n (%)d

  Clinical nonresponse 70 (25) 10 (17) 0.30

  Resistant microorganism 44 (15) 18 (31) 0.009

  Microorganism out of the usual spectrum 15 (5) 4 (7) 0.87

  Superinfection by a new pathogen 24 (8) 3 (5) 0.57

  Another concomitant infection 32 (11) 4 (7) 0.46

  Unknown 23 (8) 8 (14) —

Microbiologic evolution, n (%)c

  Microbial eradication 113 (40) 19 (33) 0.40

  Microbial persistence 30 (11) 17 (29) < 0.001

  Superinfection by a new pathogen 19 (7) 5 (9) 0.80

  Colonization by a new pathogen 19 (7) 4 (7) 0.83

  Undetermined 100 (35) 13 (22) 0.089

ICU stay, d 20 ± 19 27 ± 19 0.018

Hospital stay, d 43 ± 36 47 ± 29 0.35

Ventilator-free days at day 28, median (IQR) 13 (0–24) 0 (0–22) 0.16

ICU mortality, n (%) 89 (31) 22 (38) 0.40

Hospital mortality, n (%) 111 (39) 30 (52) 0.098

Serum levels of biomarkers, median (IQR)

  C-reactive protein day 1, mg/dL 14 (7–23) 12 (6–22) 0.39

  Procalcitonin day 1, ng/mL 0.37 (0.14–1.42) 0.5 (0.1–1.7) 0.83

(Continued)
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the inflammatory biomarkers tested were higher in the more 
severely ill patients. The same findings were obtained when the 
analyses were conducted only among patients with microbial 
etiology.

Outcomes
The ICU and hospital mortality, as well as survival at 28 and 
90 days, were not significantly different between patients with 
and without MDR pathogens (Table 4; Fig. 1). After adjusting 
for potential confounders, the 28-day (adjusted OR, 0.80 [95% 
CI, 0.31–2.08]; p = 0.65) and 90-day survival (adjusted OR, 
1.20 [95% CI, 0.52–2.78]; p = 0.63) remained similar between 
both groups.

Survival at 28 and 90 days were lower in patients with 
APACHE-II score greater than or equal to 20, SOFA score 
greater than or equal to 8, and with septic shock at onset of 
pneumonia. No difference was found in survival between 
patients with and without a Pao

2
/Fio

2
 ratio less than or equal 

to 200 (Fig. 2).
The rate of initial adequate treatment did not differ accord-

ing to severity of illness (SOFA score < 8 vs ≥ 8, p > 0.99; 
APACHE-II score < 20 vs ≥ 20, p = 0.19; Pao

2
/Fio

2
 ratio > 200 

vs ≤ 200, p = 0.31; presence or absence of septic shock at onset 
of pneumonia, p = 0.81). However, although the ICU mortality 
was not related with adequacy of empiric treatment, the hospi-
tal mortality was lower in patients with adequate empiric treat-
ment, compared with those with inadequate empiric treatment 
(77, 42% vs 19, 63%, respectively; p = 0.043).

The length of MV and ICU stay did not significantly change 
according to severity of illness. On the other hand, the hospital 
stay was longer in patients with septic shock (p = 0.019) and 
tended to be longer in patients with a SOFA score greater than 
or equal to 8 (p = 0.071). VFDs were lower in patients with 
septic shock, APACHE-II score greater than or equal to 20, and 
SOFA score greater than or equal to 8 (p < 0.001, p = 0.023, and 
p = 0.002, respectively).

All the analyses regarding the outcomes were also conducted 
only among patients with a microbial diagnosis, and they were 

not different from those conducted in the whole population. In 
addition, we performed the analyses separating patients with 
VAP and NV-ICUAP, and the results were essentially similar.

DISCUSSION
In this study, we found no relationship between severity of 
ICUAP and the presence of MDR pathogens. More severely 
ill patients had lower survival. The systemic inflammatory 
response was similar in patients with and without MDR 
pathogens.

Patients admitted to ICU are severely ill by definition. We 
tried to improve and expand older definitions of severity (13) 
by including variables highlighted in recent years. In addition 
to clinical characteristics and severity scores, we also assessed 
inflammatory biomarkers, which were found to improve pre-
diction of survival and development of complications in VAP 
(36, 37), even if there are some negative reports (38).

The etiology of ICUAP was determined in 63% of the 
patients. The most frequently isolated pathogens in our study 
were similar to previous studies on the etiology of ICUAP (39, 
40). The rate of MDR pathogens was high in our population, 
likely due to the ICU setting (32, 33). Patients in the ICU are 
often mechanically ventilated for prolonged periods and have 
prior exposure to broad-spectrum antibiotics, as shown in 
previous studies (41). In patients from this study with a MDR 
infection, the rate of initial adequate treatment was lower in 
comparison with the other group, which had an impact in hos-
pital mortality.

In the 1996 ATS guidelines for nosocomial pneumonia, 
severity of illness was the first factor to be considered in the 
algorithm for management (13), before dividing the popula-
tion on the basis of risk factors for MDR pathogens and time 
of onset of pneumonia. Nevertheless, the definition of severity 
provided was not complete or satisfactory, as long as there were 
important variables missing, such as deterioration of Pao

2
/Fio

2
  

ratio. In addition, the definition was not specific to ICU 
patients. In contrast, the 2005 ATS/IDSA guidelines (1) did not 

TAbLE 4 (Continued ). Severity Criteria and Outcomes of Patients According to the 
Presence or Not of a Multidrug-Resistant Etiologic Agenta

Variables
No MDR Pathogens  

(n = 285)
MDR Pathogens  

(n = 58) p

  IL-6 day 1, pg/mL 119 (42–258) 136 (47–354) 0.49

  IL-8 day 1, pg/mL 92 (56–161) 102 (64–223) 0.58

  Tumor necrosis factor-α day 1 8 (5–14) 9.5 (5–17) 0.28

  IL-10 day 1, pg/mL 1.4 (0–4.4) 3.7 (0.7–15.5) 0.29

  Midregional proadrenomedullin day 1, pg/mL 1.2 (0.4–2.3) 1.2 (0.3–2.7) 0.85

MDR = multidrug resistant, APACHE = Acute Physiology and Chronic Health Evaluation, SAPS = Simplified Acute Physiology Score, IQR = interquartile range, 
IL = interleukin.
aValues are given as mean ± sd unless otherwise stated.
bRequirement of intubation at the onset of pneumonia or at 24–48 since the beginning of antibiotics in patients with nonventilator ICU-acquired pneumonia.
cAmong patients with microbiologic etiology (n = 217).
dSeveral patients had more than 1 reason to change the empiric treatment.
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consider severity of illness to be important in the diagnostic 
and therapeutic approach and the algorithm for management 
only considered the time of onset of pneumonia and the pres-
ence of risk factors for MDR pathogens.

Severity measured by several well-recognized scores and 
variables, including systemic inflammatory response and mor-
tality or survival adjusted for potential confounders, were not 
different in the presence or absence of MDR pathogens as eti-
ology of pneumonia in our population. Only the ICU stay was 
longer, the rate of microbial persistence was higher, and the rate 
of VAP tended to be higher in the MDR pathogen group. This 
could reflect the high likelihood of infection with these organ-
isms when patients are subjected to deep sedation, intubation, 

high rates of manipulation by healthcare professionals, and 
prolonged stay in the ICU. Consequently, we think that disease 
severity, including inflammatory biomarkers, does not have to 
be taken into account in predicting the etiologic pathogen and 
is not a major driver for the choice of initial empiric antibiotic 
treatment of ICUAP. This goes in favor of the 2005 ATS/IDSA 
guidelines that did not include severity in the decision algo-
rithm for empiric therapy (1). We believe that this choice has 
to be done using clinical risk factors for the presence of MDR 
pathogens (2). Consequently, efforts to better characterize risk 
factors for MDR in patients with ICUAP in specific settings, 
as well as search for recent hospital admission or episodes of 
pneumonia caused by MDR pathogens, are advised.

TAbLE 5. Characteristics of the Study Population According to the 2005 Infectious 
Disease Society of America/American Thoracic Society Guidelines for Hospital-Acquired 
Pneumonia, Ventilator-Associated Pneumonia, and Healthcare-Associated Pneumoniaa

Variables
No Risk Factors and  
Early Onset (n = 55)

Risk Factors and/or  
Late Onset (n = 288) p

Sepsis-related Organ Failure Assessment score at onset of 
pneumonia

8 ± 3 7 ± 3 0.183

APACHE-II score at admission to ICU 17 ± 6 17 ± 6 0.81

APACHE-II score at onset of pneumonia 15 ± 5 17 ± 5 0.11

SAPS-II at ICU admission 41 ± 13 39 ± 13 0.22

SAPS-II at onset of pneumonia 40 ± 12 40 ± 12 0.98

Clinical pulmonary infection score at the onset of pneumonia 6.3 ± 1.5 6.8 ± 1.4 0.047

Ventilator-associated pneumonia, n (%) 40 (73) 168 (58) 0.064

Septic shock at onset of pneumonia, n (%) 30 (55) 132 (46) 0.31

Initial adequate treatment, n (%)b 35 (92) 150 (85) 0.35

Nonventilator ICU-acquired pneumonia needing subsequent 
intubation,c n (%)

11 (73) 79 (66) 0.78

Pao2/Fio2 at onset of pneumonia, mm Hg 190 ± 90 189 ± 76 0.94

ICU stay, d 17 ± 14 22 ± 20 0.093

Hospital stay, d 31 ± 25 46 ± 36 0.005

ICU mortality, n (%) 19 (35) 92 (32) 0.83

Hospital mortality, n (%) 22 (40) 119 (41) 0.97

Serum levels of biomarkers, median (interquartile range)

  C-reactive protein day 1, mg/dL 15 (7–25) 13 (6–22) 0.256

  Procalcitonin day 1, ng/mL 0.4 (0.1–1.3) 0.4 (0.1–1.5) 0.451

  IL-6 day 1, pg/mL 114 (25–406) 123 (48–248) 0.871

  IL-8 day 1, pg/mL 74 (53–129) 99 (58–191) 0.087

  Tumor necrosis factor-α day 1, pg/mL 5.5 (4–8) 9 (5–16) 0.004

  IL-10 day 1, pg/mL 0 (0–9) 1.8 (0.4–5.5) 0.244

  Midregional proadrenomedullin day 1, pg/mL 1 (0.3–1.6) 1.4 (0.4–2.3) 0.106

APACHE = Acute Physiology and Chronic Health Evaluation, SAPS = Simplified Acute Physiology Score, IL = interleukin.
aValues are given as mean ± sd unless otherwise stated.
bAmong patients with microbiologic etiology (n = 217).
cRequirement of intubation at the onset of pneumonia or at 24–48 since the beginning of antibiotics in patients with nonventilator ICU-acquired pneumonia.
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To our knowledge, this is the first study that comprehensively 
evaluates the association between severity of illness and etiol-
ogy, especially focusing on MDR pathogens. Previous studies 
have only partially assessed this topic, since they used an incom-
plete definition of severity, including only a single variable (17, 
41, 42). Others considered severity of illness by only referring to 
mortality rates or mortality scores (15, 16, 43). An earlier study 
by Damas et al (17) showed that severity of ICUAP was related 
to clinical status prior to ICUAP but not to the type of bacte-
ria. This study had several limitations. First, it defined severity 
of illness only as severe sepsis or the occurrence of new organ 
dysfunctions or failures. Second, the method used to evaluate 
severity was complicated and not easily applicable or reproduc-
ible in daily clinical practice. In a recent study, Tseng et al (16) 
addressed the topic of severity of illness and infective patho-
gens, but once again only in relation to mortality and using an 
incomplete definition of severity (SOFA and Charlson comor-
bidity index scores). A study from Rello et al (15) evaluated 

severity of illness as a predictive factor of mortality and the eti-
ology was addressed only in relation to prognosis.

Our population was composed by nonintubated and intu-
bated patients. When we analyzed the results separately for 
these two populations, the findings remained similar, indicat-
ing that severity is not related to the presence of MDR patho-
gens neither in VAP nor NV-ICUAP.

As expected, this study found that survival at 28 and 90 days 
was significantly lower in more severely ill patients, a find-
ing consistent with other studies (20–23). Nevertheless, we 
found no difference in mortality rates in relation with baseline 
severity of hypoxemia. Also, we found that the inflammatory 
response was higher in more severely ill patients, consistent 
with the findings of previous studies (36–39). These results 
suggest that inflammatory biomarkers may be useful in the 
assessment of severity of these patients.

The strengths of our study are the prospective design, the 
detailed description of severity of ICUAP, the adjustment of 

TAbLE 6. Inflammatory Response According to the Presence of Acute Physiology and 
Chronic Health Evaluation II and Sepsis-related Organ Failure Assessment Scores 
Higher or Lower Than Predefined Thresholds at Onset of Pneumonia

Variables
APACHE-II  

≥ 20 (n = 79)
APACHE-II  

< 20 (n = 264) p
SOFA ≥ 8  
(n = 154)

SOFA < 8  
(n = 189) p

C-reactive protein, mg/dL 
(n = 322)

15 (6–24) 13 (7–22) 0.805 12 (6–21) 16 (8–24) 0.035

Procalcitonin at day 1, ng/mL 
(n = 205)

0.8 (0.3–2.5) 0.3 (0.1–1.3) < 0.001 0.5 (0.2–1.5) 0.3 (0.1–1.4) 0.047

Midregional proadrenomedullin at 
day 1, nmol/L (n = 205)

2 (1.2–5) 1 (0.3–2) < 0.001 1.3 (0.4–2.4) 1.2 (0.3–2.1) 0.451

IL-6 at day 1, pg/mL (n = 181) 156 (64–222) 111 (39–285) 0.648 152 (64–317) 100 (37–251) 0.107

IL-8 at day 1, pg/mL (n = 191) 127 (68–317) 88 (56–145) 0.023 112 (63–234) 78 (51–128) 0.003

Tumor necrosis factor-α at day 1, 
pg/mL (n = 200)

11 (5–20) 7 (5–12) 0.002 9 (5–17) 7 (5–11) 0.007

IL-10 at day 1, pg/mL (n = 37) 2 (0.7–10) 1.1 (0–4) 0.149 3 (0.7–6) 0.9 (0–2.4) 0.065

APACHE = Acute Physiology and Chronic Health Evaluation, SOFA = Sepsis-related Organ Failure Assessment, IL = interleukin.
Values presented as median (interquartile range).
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Figure 1. Kaplan-Meier survival curves a 28 and 90 d of study cohort spared between patients with and without multidrug-resistant (MDR) pathogens. 
Continuous line = no MDR pathogens, dashed line = MDR pathogens.
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survival for potential confounders, the assessment of several 
inflammatory biomarkers, the relatively high frequency of 
MDR pathogens, and the fact that this is the first report in the 
literature focusing specifically on the association of severity of 
ICUAP and the presence of MDR pathogens.

However, this study has some limitations. First, this study 
was conducted in a single center, and therefore, the extrapola-
tion of the findings to other settings must be done cautiously, 
particularly the close association between the risk factors for 
MDR and the specific center where a study is performed. 
Second, there was no microbiologic documentation in 37% 
of the patients. It can be argued that some patients without 
etiologic diagnosis may not actually have had pneumonia; 
however, this is a usual situation in clinical practice (3) and 
our rate of etiologic diagnosis was similar to ancillary reports 
in this field.

CONCLUSION
The findings of our study strongly suggest that in patients 
affected by ICUAP, there are no differences in the severity of 
illness between patients with and without an MDR pathogen. 
Severity of illness affects outcome but seems not related to eti-
ology. Clinicians should take into account risk factors for MDR 
pathogens, but not severity of illness, when selecting empiric 
antibiotic treatment for patients with ICUAP.
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Inhaled Corticosteroids Do Not Influence
the Early Inflammatory Response and Clinical Presentation

of Hospitalized Subjects With COPD Exacerbation

Ernesto Crisafulli MD PhD, Mónica Guerrero MD, Rosario Menéndez MD PhD,
Arturo Huerta MD MSc, Raquel Martinez MD, Alexandra Gimeno RN,

Néstor Soler MD, and Antoni Torres MD PhD

BACKGROUND: Inhaled corticosteroids are anti-inflammatory medications that can down-regu-
late the immunologic response in patients with COPD; however, their role at onset of COPD
exacerbation is still not understood. The aim of this study was to assess the early inflammatory
response and clinical presentation of patients with COPD exacerbation mediated by inhaled cor-
ticosteroids. METHODS: Prospective data were collected on 123 hospitalized subjects with COPD
exacerbation over a 30-month period at 2 Spanish university hospitals. Based on domiciliary use,
comparative analyses were performed between subjects who did not use inhaled corticosteroids
(n � 58) and subjects who did (n � 65). Measurements of serum biomarkers were recorded on
admission to the hospital (day 1) and on day 3; clinical, physiological, microbiological, and severity
data and mortality/readmission rates were also recorded. RESULTS: At days 1 and 3, both groups
showed a similar inflammatory response; fluticasone produced lower levels of interleukin-8 com-
pared with budesonide (P < .01). All clinical features considered were similar in the 2 groups;
multivariate analysis predicting clinical complications on hospitalization showed air-flow obstruc-
tion severity as the only predictive factor (odds ratio 3.13, 95% CI 1.13– 8.63, P � .02).
CONCLUSIONS: Our study demonstrates a lack of inhaled corticosteroid influence in the early
systemic inflammatory response to and clinical presentation of COPD exacerbation. Key words:
chronic obstructive pulmonary disease; exacerbation; inhaled corticosteroids; systemic inflammation;
clinical presentation. [Respir Care 2014;59(10):1–•. © 2014 Daedalus Enterprises]

Introduction

The natural course of COPD is characterized by epi-
sodic events recognized as COPD exacerbation1 and clin-
ically defined by specific respiratory symptoms and signs
(increased shortness of breath, increased sputum volume,
and purulence).2 COPD exacerbation, which often requires

hospitalization,3 appears in the clinical evolution of COPD
to accelerate the progressive decline in lung impairment,4

thereby reducing quality of life5 and increasing risk of
death.6

Although the biologic mechanisms of COPD exacerba-
tion are still not fully understood, some evidence suggests
that an activation of first-line defense (airway epithelial
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have disclosed no conflicts of interest.

Correspondence: Antoni Torres MD PhD, Pneumology Department, Clinic
Institute of Thorax, Hospital Clinic, Villarroel 170, 08036 Barcelona,
Spain. E-mail: atorres@clinic.ub.es.

DOI: 10.4187/respcare.03036

RESPIRATORY CARE • OCTOBER 2014 VOL 59 NO 10 1

RESPIRATORY CARE Paper in Press. Published on July 29, 2014 as DOI: 10.4187/respcare.03036

Copyright (C) 2014 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



cells and alveolar macrophages) releases chemotactic fac-
tors by bacterial/viral pathogens or noninfectious triggered
stimuli7 and leads to the recruitment of neutrophils, with
the secretion of a wide range of pro-inflammatory cyto-
kines, thereby causing a further amplification of systemic
and local processes.8,9 Change in inflammatory biomarker
levels from a steady state may define COPD exacerbation
onset, clinical course, severity, and prognosis of hospital-
ized patients.10,11

Inhaled corticosteroids are potent anti-inflammatorynon-
specific medications that can modulate the systemic im-
mune response of stable COPD patients,12 but their role in
the efficacy of treatment remains a subject of debate.13 In
hospitalized COPD patients with community-acquired
pneumonia, inhaled corticosteroids protect against more
severe forms14 and against complicated pleural effusion.15

These beneficial effects in community-acquired pneumo-
nia may be explained by down-regulation of the inflam-
matory response.

Depending on the severity of COPD and the definition
of exacerbation used, inhaled corticosteroids promote a
reduction in the frequency of events in patients with COPD
exacerbation16,17; however, information evaluated at onset
in inhaled corticosteroid-mediated systemic inflammatory
profiles is still lacking in the field of acute respiratory
medicine with regard to COPD exacerbation.

With regard to the risk correlating to chronic use of
inhaled corticosteroids, 2 recent reviews performed in large
cohorts of stable COPD subjects confirmed an increased
risk of developing pneumonia, but not an increased risk of
death.18,19 Moreover, another large study followed stable
COPD subjects for a period of 5 y and showed that the risk
of severe pneumonia was strictly dose-related to exposure
of inhaled corticosteroids and was higher in patients who
had used fluticasone in comparison with budesonide.20

We hypothesized that chronic domiciliary treatment with
inhaled corticosteroids would influence the early systemic
inflammatory response of COPD exacerbation and have an
impact on clinical presentation and patient outcome. The
primary aim of our observational study was therefore to
assess serum levels of pro-inflammatory systemic biomark-
ers in hospitalized subjects with COPD exacerbation ac-
cording to non-use or use of inhaled corticosteroids. In
addition, we also assessed the clinical characteristics of 2
groups of subjects with COPD exacerbation.

Methods

Subject Recruitment and Definitions

Over a period of 30 months (January 2004 to June 2006),
we collected prospective data on consecutive adult sub-
jects with COPD exacerbation hospitalized at 2 tertiary
university hospitals in Spain (Hospital Universitario y Po-

litecnico La Fe in Valencia and Hospital Clinic in Barce-
lona). The ethics committees of both hospitals (Projects
CEIC 2003/0048 and CEIC 2004/1855, respectively) ap-
proved the study, which was conducted in accordance with
the Declaration of Helsinki. Written informed consent to
obtain biological samples was obtained from selected sub-
jects. Figure 1 shows the study flow diagram.

In accordance with the guidelines of the Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD),1 an
expert physician specializing in respiratory medicine de-
fined the diagnosis and severity of COPD. Spirometry was
performed at least 6 months prior to COPD exacerbation-
related admission and in a stable phase of the disease. A
threshold of 10 pack-years was considered as a positive
smoking habit. FEV1 and FVC were assessed via an au-
tomated spirometer with predicted values according to the
Quanjer equation.21

The occurrence of COPD exacerbation was defined ac-
cording to Anthonisen criteria, based on an acute increase
in dyspnea, sputum volume, and sputum purulence.2 Sub-
jects were then classified as follows: COPD exacerbation
type I, subjects with all 3 symptoms; type II, subjects with
2 symptoms; and type III, subjects with one symptom.2

Exclusion Criteria

Subjects with a documented history of concomitant
chronic respiratory conditions (asthma and bronchiectasis)
and subjects with COPD but with a domiciliary use of oral
corticosteroids in the past 6 months were excluded from
the study. Subjects in whom suspected community-acquired
pneumonia and acute heart failure were identified clini-
cally and by chest x-ray were also excluded.

QUICK LOOK

Current knowledge

Inhaled corticosteroids are anti-inflammatory medica-
tions intended to modulate the systemic immune re-
sponse of stable COPD patients. The role of inhaled
corticosteroids during exacerbations of COPD is con-
troversial.

What this paper contributes to our knowledge

The use of inhaled corticosteroids did not influence the
early inflammatory response to a COPD exacerbation,
and there was no difference in infection rates between
subjects using or not using corticosteroids. Baseline
COPD severity predicts the complications on admis-
sion for a COPD exacerbation.
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Use of Inhaled Corticosteroids

Data on inhaled corticosteroid treatment (yes/no and
types of medication) were collected on enrollment. Sub-
jects who received inhaled corticosteroids administered at
home before enrollment were classified as inhaled corti-
costeroid users, whereas subjects who had not received
inhaled corticosteroids were classified as no-inhaled cor-
ticosteroid users.

Microbiological Sample Collection

Sputum from subjects with COPD exacerbation was ob-
tained by spontaneous cough on day 1 of admission to the
hospital. Gram stain and sputum culture were processed
only if the sample was adequate. Sputum was considered
valid if the sample contained a count of � 25 leukocytes
and � 10 epithelial cells per field. When spontaneous cough
and sputum collection were not possible, induced sputum
production was obtained by inhalation of a 5% hypertonic
saline solution for a period of 5–10 min; the hypertonic
saline solution was delivered via a nebulizer device
(UltraNeb 2000, DeVilbiss Healthcare, Somerset, Penn-
sylvania) attached to oxygen. Subjects were then encour-
aged to cough and expectorate into a sterile plastic con-
tainer. Spontaneous aswell as induced sputumwascollected
for microbiology diagnosis.

Clinical Measurements

Data on demographic variables, presence of comorbid
conditions (heart, renal, neurologic, and liver diseases; di-
abetes; and non-active cancer), dyspnea grade according to
the Modified Medical Research Council dyspnea scale,
prevalence of long-term oxygen therapy, and use of dom-
iciliary bronchodilators (short-acting �2 agonists, long-

acting �2 agonists, anticholinergics) and theophylline were
recorded on admission to the hospital. Characteristics of
exacerbations occurring in the preceding year (general rate
and rate of subjects requiring hospitalization) were also
recorded.

Symptomsand signsofCOPDexacerbation (fever, chills,
cough, sputum characteristics), physiological data (breath-
ing frequency, heart rate, systolic and diastolic blood pres-
sures), and laboratory data (white blood cell counts, he-
matocrit, glycemia, creatinine, sodium, potassium) were
collected at onset of exacerbation.

Variables for gas impairment, including pH, PaCO2
,

PaO2
/FIO2

, serum bicarbonate, and base excess, were also
collected on admission.

Hospital stay, number of subjects admitted to the ICU or
in whom noninvasive ventilation (NIV) support was re-
quired, number of subjects in whom shock or mental status
alteration was identified, number of subjects using sys-
temic corticosteroids and antibiotics during hospital course,
number of classes of antibiotics used, duration of antibi-
otic treatment (d), doses of systemic corticosteroids per
subjects’ mortality during hospitalization, and readmission
within 30 d after discharge were also recorded.

Determination of Serum Biomarkers

Measurements of C-reactive protein, procalcitonin, tu-
mor necrosis factor alpha, and cytokines (interleukin (IL)-1,
IL-6, IL-8, and IL-10) were performed on admission to the
hospital (day 1) and 3 d after admission (day 3); all bio-
logical samples were centralized to the Hospital Clinic.

C-reactive protein was measured by a commercially
available immunoturbidimetric method (Bayer Diagnos-
tics, Leverkusen, Germany), whereas procalcitonin was
measured using an immunoluminometric technique with a
LUMItest assay (Brahms Diagnostica GmbH, Hennigs-
dorf, Germany).

A microtiter plate with antibody-coated wells was used
to measure levels of tumor necrosis factor alpha, IL-1,
IL-6, IL-8, and IL-10. Tumor necrosis factor alpha/IL-6
and IL-1/IL-8/IL-10 were determined using the Medgenix
(Fleurus, Belgium) and PerSeptive (Framingham, Massa-
chusetts) commercial enzyme immunoassays, respectively.

Reference values of collected serum biomarkers were
defined as follows: C-reactive protein, 8 mg/dL; procalci-
tonin, 0.5 ng/mL; tumor necrosis factor alpha, 20 pg/mL;
IL-1, 5 pg/mL; IL-6, � 5 pg/mL; IL-8, 15 pg/mL; and IL-
10, 5 pg/mL.

Statistical Analysis

A prior Shapiro-Wilk test for normal data distribution
was performed. Results were expressed as mean � SD or

Fig. 1. Study flow diagram.
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as median (25th–75th percentiles) for continuous variables
and as frequency (percentage) for categorical variables.

Differences in continuous variables were analyzed us-
ing an independent 2-tailed t test for unpaired analysis;
otherwise, the nonparametric Mann-Whitney U test or
Kruskal-Wallis test was used. Categorical variables were
studied using the chi-square test or the Fisher exact test
when necessary.

To define predictors for clinical complications on ad-
mission to the hospital (identified by NIV requirement,
admission to the ICU, shock, or abnormal mental status),
analysis with a univariate and multivariate logistic model
was performed with the general characteristics of patients
with COPD exacerbation.

Analyses were carried out using a statistical software
package (SPSS 17, SPSS, Chicago, Illinois), and P � .05
was considered statistically significant.

Results

Our prospective study cohort included 123 subjects ad-
mitted to 2 Spanish university hospitals for COPD exac-
erbation. Of these, 58 subjects (47%) had no inhaled cor-
ticosteroid use in their domiciliary therapy, whereas 65
(53%) had received inhaled corticosteroid treatment.

Anthropometrics, smoking habit, and functional charac-
teristics were similar in both groups. In terms of domicil-
iary use of associated bronchodilators, subjects who re-
ceived inhaled corticosteroids presented considerable use
of anticholinergics (78% of all inhaled corticosteroid us-
ers; most prevalent, tiotropium) and long-acting �2 ago-
nists (83% of all inhaled corticosteroid users; most prev-
alent, salmeterol). The prevalence of subjects using short-
acting �2 agonists and theophylline was similar between
groups. The prevalence of comorbidities, exacerbation rates

Table 1. General Characteristics of Subjects Enrolled

Variables
All Subjects
(n � 123)

No-Inhaled
Corticosteroid

Subjects
(n � 58)

Inhaled
Corticosteroid

Subjects
(n � 65)

P

Age, y 69.4 � 9.8 68.9 � 9.7 69.8 � 10 .63
Male, % 93.4 93.1 93.8 .86
Current/former smoking habit, % 29.3/70.7 27.6/72.4 30.8/69.2 .74
FEV1, L 1.14 (0.88–1.58) 1.13 (0.85–1.70) 1.15 (0.91–1.37) .67
FEV1, % predicted 46.5 (34.1–57.5) 45.4 (32.2–60) 47 (36–54.5) .80
FEV1/FVC, % 46.9 � 12.1 47.2 � 13.7 46.6 � 10.8 .79
COPD GOLD stage (mild/moderate/severe/very severe), % 1/35.6/34.6/28.8 0/41.3/28.3/30.4 1.7/31/39.7/27.6 .46
Long-term oxygen therapy, % 15.4 13.8 17 .63
MMRC dyspnea grade � 2, % 91.7 89.5 93.7 .06
Exacerbations in the preceding year

Rate, events/subject 1.39 1.37 1.41 .30
Requiring hospitalizations 0.93 1 0.87 .52

Chronic comorbidities
Congestive heart failure 28 (22.8) 15 (25.8) 13 (20) .43
Chronic renal failure 2 (1.6) 0 (0) 2 (3) .17
Diabetes 20 (16.3) 10 (17.2) 10 (15.3) .74
Non-cirrhotic liver disease 4 (3.3) 2 (3.4) 2 (3) .90
Neurologic disease 8 (6.5) 3 (5.1) 5 (7.7) .57
Non-active cancer 14 (11.4) 9 (15.5) 5 (7.7) .18

Use of inhaled bronchodilators
Short-acting �2 agonists 82 (66.7) 34 (58.6) 48 (73.8) .07

Salbutamol/terbutaline 76/6 32/2 44/4 .67
Long-acting �2 agonists 73 (59.3) 19 (32.7) 54 (83) � .001

Formoterol/salmeterol 24/49 6/13 18/36 .88
Anticholinergics 84 (68.3) 33 (56.8) 51 (78.4) .01

Ipratropium/tiotropium 33/51 19/14 14/37 � .01
Use of theophylline 7 (5.7) 1 (1.7) 6 (9.2) .09

Values are reported as mean � SD, median (25th–75th percentiles), or frequency (%).
GOLD � Global Initiative for Chronic Obstructive Lung Disease
MMRC � Modified Medical Research Council
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occurring in the preceding year, need for long-term oxy-
gen therapy, and dyspnea grade were also similar. Table 1
shows the baseline characteristics of enrolled subjects.

A comparison of clinical, physiological, and laboratory
features on admission to the hospital (Table 2) showed that
no significant differences between subjects with and with-
out inhaled corticosteroid use. The other variables relating
to characteristics of clinical severity (PaCO2

with need for
NIV support, PaO2

/FIO2
, hospital stay, direct admission to

an ICU, abnormal mental status, shock), antibiotic and
systemic-corticosteroid treatment (duration [d] and classes
of antibiotics used, doses of corticosteroids per subject),
prognosis (mortality rate during hospitalization), and risk
of a new episode after discharge (readmission rate over a
period of 30 d) were also comparable between the 2 groups.

The specific etiology and rate of microbiological diag-
nosis, confirmed in 43% and 41% of no-inhaled and in-
haled corticosteroid subjects, respectively, were similar
between the 2 groups (Table 2).

Assessment of early inflammatory response (Fig. 2) on
days 1 and 3 of hospitalization showed similar levels in
both groups for all biomarkers collected (C-reactive pro-
tein, procalcitonin, IL-1, IL-6, IL-8, and IL-10).

Repetition of the inflammatory pathway analysis, se-
lecting subjects with mild/moderate (n � 45) and
severe/very severe (n � 78) air-flow obstruction, without
(n � 71) and with (n � 52) a recognized infectious etiol-
ogy, without (n � 39) and with (n � 84) domiciliary use
of anticholinergics, and without (n � 50) and with (n � 73)
domiciliary use of long-acting �2 agonists (all these data
not reported), showed no significant differences between
both groups for any of the evaluated biomarkers.

The measurement of biomarkers performed according
to type of inhaled corticosteroids used (Fig. 3) showed
lower levels of IL-8 on day 1 in subjects who used fluti-
casone (n � 36) compare with those who used budesonide
(n � 29; median 0 [0–7.5] vs 16 [1.5–32], respectively,
P � .01).

The logistic regression model (Table 3) performed us-
ing clinical complications on hospitalization as a depen-
dent variable (presence/absence of NIV requirement, di-
rect admission to an ICU, shock, or abnormal mental status)
shows the severity of COPD (severe/very severe vs
mild/moderate) as the only predictive factor in the multi-
variate analysis (odds ratio 3.13, standard error 0.51, 95%CI
1.13–8.63, P � .02).

Discussion

In summary, the main findings of our observational study
refer to a lack of influence of inhaled corticosteroids in the
early inflammatory response to COPD exacerbation. In-
deed, on days 1 and 3 of hospitalization, serum levels of
biomarkers were similar in inhaled corticosteroid users

and those who did not use inhaled corticosteroids. In in-
haled corticosteroid users, fluticasone produced lower lev-
els of IL-8 compared with budesonide.

The clinical presentation and severity of COPD exacer-
bation, infectious etiology, hospital mortality, and read-
mission over a 30-d period were similar in the 2 groups.
Furthermore, air-flow obstruction of COPD was the only
predictive factor in the occurrence of complications on
admission to the hospital (need for NIV, need for ICU
admission, shock, abnormal mental status).

Inhaled corticosteroids are anti-inflammatory medica-
tions that are widely used in COPD patients, but their
clinical response is often relatively poor,22 with failure to
reduce levels of key COPD-related inflammatory cells
(CD8� T lymphocytes, neutrophils) and the interaction
suppression of cytokine relapse23-25 after stimuli. As doc-
umented in peripheral lung tissue, alveolar macrophages,
and bronchial biopsy specimens of COPD patients, a mo-
lecular mechanism of steroid resistance may be due to
reduced levels of histone deacetylase-2 activity26-28; this is
a nuclear enzyme involved in corticosteroid deactivation
of pro-inflammatory genes and in the repression of cyto-
kine production. We hypothesized that the lack of a mod-
ulation effect of inhaled corticosteroids with similar serum
levels of biomarkers on admission in inhaled and no-in-
haled corticosteroid subjects (see Fig. 2) may represent a
biological effect of steroid resistance with an undetectable
down-regulation effect of inhaled corticosteroids. More-
over, the repetition of the inflammatory comparative anal-
yses according to stratification of air-flow obstruction se-
verity, presence of infectious etiology, and domiciliary use
of anticholinergics or long-acting �2 agonists appears not
to affect this inflammatory pathway in both groups. How-
ever, very large studies are required to confirm our results.

Due to different pharmacokinetic properties, the evalu-
ation of 2 different types of inhaled corticosteroids (see
Fig. 3) demonstrated that, on day 1, fluticasone produced
a lower inflammatory response than budesonide in IL-8
levels only. This observation confirms an in vitro study29

on human lung epithelial cells and alveolar macrophages,
in which both inhaled corticosteroids caused a dose-de-
pendent inhibition of pro-inflammatory cytokine relapse
(in particular, IL-8), but fluticasone was �10 times more
potent than budesonide in terms of suppression capacity.
We do not know what this difference means in clinical
practice, but, at least in this study, we observed no clinical,
microbiological, or evolutive differences.

Following the biological findings, the current perspective
that our study adds to the knowledge of COPD exacerbation
is the demonstration that inhaled corticosteroids, used until
onset of exacerbation, do not influence the clinical presenta-
tion or severity of the clinical course (see Table 2). Moreover,
the frequency of confirmed infectious cases and microbio-
logical etiology were similar in subjects with and without use
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Table 2. Clinical Presentation, Laboratory Data, Microbiological Diagnosis, and Outcomes of Study Cohort

Variables
No-Inhaled

Corticosteroid
Subjects

Inhaled
Corticosteroid

Subjects
P

Fever, % 27.6 36.2 .25
Chills, % 20.7 35.4 .34
Cough, % 82.8 71.9 .78
Characteristics of sputum

(absence/mucus/purulence/rusty), %
31/46.6/20.7/1.7 36.9/53.8/7.7/1.5 .59

Classification of COPD exacerbations according to
Anthonisen criteria (type I/type II/type III), %

46.3/29.6/24.1 33.9/27.4/38.7 .52

Breathing frequency, breaths/min 24 (20–30) 24 (20–30) .89
Heart rate, beats/min 95 (80–100) 95 (80–102) .88
Systolic blood pressure, mm Hg 140 (120–164) 147 (130–162.5) .51
Diastolic blood pressure, mm Hg 80 (71–90) 80 (69.5–90) .72
White blood cells, count � 103 cells/L 10.40 (7.50–13.40) 8.70 (6.55–11.80) .49
Hematocrit, % 45.1 (43–50) 45.7 (43–49) .62
Glycemia, mg/dL 118.77 (93.8–166) 117 (103.5–143.8) .82
Creatinine, mg/dL 1 (0.9–1.3) 0.9 (0.8–1.1) .28
Serum sodium, mmol/L 136 (133–139) 138 (134.9–139.9) .37
Serum potassium, mEq/L 4.5 (4.2–5.1) 4.4 (4–4.7) .36
pH 7.39 (7.35–7.41) 7.40 (7.37–7.43) .42
PaCO2

, mm Hg 47 (42–56) 47 (40.9–59) .75
PaO2

/FIO2
261.9 (233.3–279.5) 257.1 (211.9–280.9) .54

Bicarbonate, mmol/L 28 (25–33) 29 (26–32) .58
Base excess, mmol/L 2.7 (0.7–4.9) 3.9 (2–6.4) .37
Etiological diagnosis confirmed* 25 (43) 27 (41) .97
Streptococcus pneumoniae, % 4 11.1 .61
Streptococcus viridans, % 12 14.8 .97
Staphylococcus aureus, % 8 3.7 .65
Haemophilus influenzae, % 24 22.2 .97
Haemophilus parainfluenzae, % 0 11.1 .40
Pseudomonas aeruginosa, % 20 25.9 .37
Moraxella catarrhalis, % 4 0 .48
Chlamydia pneumoniae, % 4 0 .48
Enterobacteriaceae†, % 8 7.4 .97
Acinetobacter subspecies, % 8 3.7 .65
Aspergillus niger, % 4 0 .48
Legionella pneumophila, % 4 0 .48
Hospital stay, d 6 (4–13) 6 (4–8.5) .83
Use of systemic corticosteroids, % 79.3 84.6 .68
Doses of systemic corticosteroids per subject, mg 321.3 300.8 .49
Use of antibiotics, % 77.5 81.5 .89
Duration of antibiotic treatment, d 6 (0–8) 6 (4–9) .75
No. of classes of antibiotics used,

% one class/� 2 classes‡
65.2/34.8 76.3/23.7 .34

NIV required, %§ 6.8 9.2 .74
ICU required, %§ 5.1 6.1 .89
Shock, %§ 3.4 3 .96
Mental status alteration, %§ 6.8 10.7 .53
Mortality during hospitalization, % 6.8 1.5 .18
Readmission in a 30-d period after discharge, % 22.4 23.1 .95

Values are reported as median (25th–75th percentiles) or as frequency (%). For microbiological data, values are reported as percentage related to the number of subjects with confirmed etiological
diagnosis in each group.
* Percentage calculated for total subjects in each group
† Including Escherichia coli and Proteus mirabilis
‡ Calculated in subjects using antibiotics
§ Outcomes evaluated on admission to the hospital
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of inhaled corticosteroids (see Table 2). Although the use of
inhaled corticosteroids in COPD patients has been demon-
strated to be useful in the reduction of exacerbation events16,17

and in protection against the development of complicated
forms of hospitalized community-acquired pneumonia.14,15

On the other hand, the long-term use of inhaled corticoste-
roids increases the risk of pneumonia,18-20 especially with
fluticasone.20 Our study, performed in subjects with COPD
exacerbation but without pneumonia, demonstrates that in-
haled corticosteroids have no detrimental effect on the devel-

opment of complications on admission or in other outcomes
collected during the clinical course.

In the evaluation of general characteristics that are use-
ful for predicting the occurrence of complications on ad-
mission to the hospital (see Table 3), we have shown that
inhaled corticosteroids had no significant effects. In con-
trast, we found that the number of comorbidities (2 or
more comorbidities added to COPD vs 0 comorbidities)
and the COPD GOLD stage (severe/very severe vs mild/
moderate) were both negative predictive factors in univar-

Fig. 2. Panel of inflammatory response according to use of corticosteroids at onset of COPD exacerbation. White and grey box plots
represent no-inhaled and inhaled corticosteroid subjects with COPD exacerbation, respectively. The horizontal bar and box length repre-
sent the median and the 25th–75th percentiles, respectively. Circles indicate outliers. CRP � C-reactive protein; PCT � procalcitonin;
TNF-� � tumor necrosis factor alpha; IL � interleukin.
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iate analysis. However, in multivariate analysis, the COPD
GOLD stage was the only independent predictive factor.
This is probably explained by the high co-variation effect
between these factors (Pearson r � 0.31, P � .001). Our
predictive analysis confirms prior results showing that
COPD severity (measured by FEV1)30-32 and the Charlson
comorbidity index32 are variables in exacerbated patients
that correlate with detrimental effects on return to pre-
exacerbation health status,30 that are independently asso-
ciated with antibiotic failure,31 and that are related to stay

and other short-term prognosis factors.32 Although signif-
icant statistical evidence was not found, a negative trend
for the use of steroids (inhaled and systemic) as concom-
itant medications in hospitalized patients with COPD ex-
acerbation was shown to influence clinical cure31 and treat-
ment failure32; however, in both studies, this observation
was not the primary aim but was associated with determi-
nation of antibiotic effectiveness evaluated during the clin-
ical course and after a COPD exacerbation event, but not
at onset of COPD exacerbation.

Fig. 3. Panel of inflammatory response according to different types of inhaled corticosteroids. Analysis was performed only on subjects who
received inhaled corticosteroids (n � 65). White and grey box plots represent subjects who used budesonide (n � 29) and fluticasone
(n � 36), respectively. The horizontal bar and box length represent the median and the 25th–75th percentiles, respectively. Circles indicate
outliers. CRP � C-reactive protein; PCT � procalcitonin; TNF-� � tumor necrosis factor alpha; IL � interleukin.

INFLUENCE OF INHALED CORTICOSTEROIDS IN COPD EXACERBATION

8 RESPIRATORY CARE • OCTOBER 2014 VOL 59 NO 10

RESPIRATORY CARE Paper in Press. Published on July 29, 2014 as DOI: 10.4187/respcare.03036

Copyright (C) 2014 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



To the best of our knowledge, our study is the first
investigating the role of corticosteroids in the early inflam-
matory response and clinical presentation of subjects with
COPD exacerbation. Nevertheless, our study has some lim-
itations that need to be addressed. First, the baseline in-
flammation levels and the dosage and time period of in-
haled corticosteroid use were not recorded by us; for this
reason, we can rule out a possible inflammatory pattern of
response related to these factors.33 Second, in white blood
cell counts, data on the number of eosinophils were not
collected; new research has found that these blood cells
define a specific biologic cluster of patients with COPD
exacerbation34 and directly link corticosteroid treatment to
exacerbation.35

In conclusion, our study suggests that, in COPD pa-
tients, chronic use of inhaled corticosteroids does not in-
fluence per se the early inflammatory response to COPD
exacerbation. Moreover, clinical features on admission and
during the course of the exacerbation and the infectious
etiology of COPD exacerbation were similar in subjects
with or without inhaled corticosteroid use. Baseline sever-
ity of COPD predicts the clinical complications on admis-
sion for COPD exacerbation.
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A B S T R A C T   

Background: In adult patients with bronchiectasis (BE) the identification of the underlying aetiology may be 
difficult. In a new patient with BE the performance of a panel of tests is recommended, even though this practice 
may be expensive and the level of evidence supporting is low. We aimed to identify a panel of variables able to 
predict the aetiological diagnosis of BE. 
Methods: Our prospective study derived from our real-life experience on the management of adult stable BE 
outpatients. We recorded variables concerning clinical, radiological, microbiological and laboratory features. We 
identified five groups of aetiological diagnosis of BE (idiopathic, post-infective, COPD, asthma and non-common 
diseases [immunodeficiency or other rare conditions]). Multivariate models were used to identify predictors of 
each aetiological diagnosis. The suitability of performing a specific test for the diagnosis was also considered. 
Results: We enrolled 354 patients with a new diagnosis of BE. Patients with different aetiological causes differed 
significantly with regard to age, sex, smoking habit, comorbidities, dyspnoea perception, airflow obstruction and 
severity scores. Various predictors were assessed, including sex, previous respiratory infections, diffuse locali-
zation of BE, risk scores, and laboratory variables (sodium and eosinophils). The levels of autoantibodies or 
immunoglobulins were reserved for the diagnosis of non-common disease. 
Conclusion: Our research confirms that some predictors are specific for the aetiological diagnosis of BE. The 
possibility of integrating this information may represent a useful tool for the diagnosis. The execution of certain 
specific tests should be reserved for patients with a non-common disease.   

1. Introduction 

Bronchiectasis (BE) is a chronic respiratory condition related to the 
dilatation of the bronchi and airway wall thickening [1]. This irrevers-
ible alteration may lead to recurrent bronchial infections, inflammation, 

airway obstruction and progressive lung destruction [1]. 
The identification of the underlying causes of BE is a complex process 

related to several variables, such as the geographical origin of data and 
the diagnostic workup [2], and remains an important challenge [3]. 
Several predisposing factors may be associated with the condition [2,3]. 

Abbreviations: ABPA, Allergic bronchopulmonary aspergillosis; BE, Bronchiectasis; BMI, Body mass index; CCI, Charlson comorbidity index; COPD, Chronic 
obstructive pulmonary disease; CT, Computed tomography; FEV1, Forced expiratory volume in the 1st second; FVC, Forced vital capacity; mMRC, Modified medical 
research council; PCD, Primary ciliary dyskinesia. 

* Corresponding author. Pneumology Department, Clinic Institute of Thorax (ICT), Hospital Clinic Villarroel 170 08036 Barcelona, Spain.. 
E-mail addresses: antoielpo@gmail.com (A. Ielpo), ernesto.crisafulli@univr.it (E. Crisafulli), valcaraz@clinic.cat (V. Alcaraz-Serrano), gabarrus@clinic.cat 

(A. Gabarrús), oscanoa@clinic.cat (P. Oscanoa), giuliascioscia84@gmail.com (G. Scioscia), lfernan1@clinic.cat (L. Fernandez-Barat), catiacilloniz@yahoo.com 
(C. Cilloniz), ramaro@clinic.cat (R. Amaro), atorres@clinic.cat, ATORRES@clinic.cat, atorres@clinic.cat (A. Torres).  

URL: http://www.idibapsrespiratoryresearch.org (A. Torres).  

Contents lists available at ScienceDirect 

Respiratory Medicine 

journal homepage: http://www.elsevier.com/locate/rmed 

https://doi.org/10.1016/j.rmed.2020.106090 
Received 17 February 2020; Received in revised form 10 July 2020; Accepted 11 July 2020   

mailto:antoielpo@gmail.com
mailto:ernesto.crisafulli@univr.it
mailto:valcaraz@clinic.cat
mailto:gabarrus@clinic.cat
mailto:oscanoa@clinic.cat
mailto:giuliascioscia84@gmail.com
mailto:lfernan1@clinic.cat
mailto:catiacilloniz@yahoo.com
mailto:ramaro@clinic.cat
mailto:atorres@clinic.cat
mailto:ATORRES@clinic.cat
mailto:atorres@clinic.cat
http://www.idibapsrespiratoryresearch.org
www.sciencedirect.com/science/journal/09546111
https://http://www.elsevier.com/locate/rmed
https://doi.org/10.1016/j.rmed.2020.106090
https://doi.org/10.1016/j.rmed.2020.106090
https://doi.org/10.1016/j.rmed.2020.106090
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmed.2020.106090&domain=pdf


Respiratory Medicine 172 (2020) 106090

2

Often the cause is a previous pulmonary infection [4]; in patients with 
Chronic Obstructive Pulmonary Disease (COPD) [5,7] or asthma [6,8] 
the diagnosis of BE may coexist. Similarly, the prevalence of patients 
classified as idiopathic in whom no clear aetiological diagnosis of BE is 
found may be above 70% [9]. 

In patients with a new diagnosis, the European Respiratory Society 
(ERS) guidelines concerning the management of adult BE patients [10] 
suggest the performance of a standard number of aetiological tests 
including blood count, serum immunoglobulins (total IgG, IgA, IgM) and 
tests for allergic bronchopulmonary aspergillosis (ABPA). However, the 
recommendation is conditional and has a very low level of evidence 
[10]. Furthermore, the recent British Thoracic Society (BTS) guidelines 
for adult patients with BE [11] suggest that a panel of investigations 
should be performed to establish the underlying cause of bronchiectasis 
(grade of recommendation: B). The BTS guidelines recommend: a) the 
recording of comorbidities and past medical history to identify possibly 
causative disease such as rheumatoid arthritis or COPD; b) measurement 
of full blood count, serum total IgE and assessment of sensitization to 
Aspergillus fumigatus; c) levels of total IgG, IgA, IgM; d) consideration of 
baseline antibodies against Streptococcus pneumoniae and response to 
vaccine; e) evaluation of tests for cystic fibrosis (CF) and for primary 
ciliary dyskinesia (PCD) in patients with supporting clinical features; f) 
performance of sputum cultures in all patients for bacterial and myco-
bacterial culture. 

The use of a standardized aetiological algorithm would improve the 
ability to diagnose the aetiology of BE [11] without performing un-
necessary tests. Identifying the aetiological diagnosis is a priority in BE 
patients [12] and new observational research in large patient cohorts is 
required to establish the different aetiologies of BE [12]. 

Therefore, the aim of the present study was to identify a panel of 
variables including clinical, radiological and laboratory values, able to 
predict the aetiological diagnosis of BE. 

2. Methods 

2.1. Study design and selection of patients 

This prospective observational study was conducted in stable adult 
patients, aged 18 or over, with a new diagnosis of BE attending the 
outpatient clinic at the Hospital Clinic of Barcelona (Spain), over a 
period of 54 months from January 2014 to June 2018. The sampling 
method was systematic and all BE patients admitted to our clinic were 
enrolled in the study. 

The presence of BE was detected in all patients by a chest computed 
tomography (CT) scan, performed during the last hospitalization prior 
the first outpatient visit to better define the chest x ray and clinical 
features or at least six months before the study enrolling. The radio-
logical features of the condition collected regarded type (cylindrical, 
varicose or cystic), extension (local or diffuse), distribution in each 
specific lobe, and number of lobes involved. 

2.2. Exclusion criteria 

We excluded non-adult BE patients, aged 18 or less, or patients in 
acute phases of disease, documented by clinical, laboratory or radio-
logical signs (e.g. pneumonia, active lung cancer). 

2.3. Ethics statement 

The Hospital’s Ethics Committee approved the study protocol (2013/ 
8071), conducted in accordance with Good Clinical Practices and the 
declarations of Helsinki. Each enrolled patient provided signed informed 
consent. 

2.4. Measurements 

We collected data on demographic variables, body mass index (BMI), 
smoking habit (no/current or former), number of comorbidities 
(Charlson Comorbidity Index [CCI]), symptoms (modified Medical 
Research Council [mMRC] dyspnoea score), spirometry (post-broncho-
dilator forced expiratory volume in the 1st second [FEV1] and FEV1/ 
forced vital capacity [FVC] ratio), severity of bronchiectasis (FACED 
[13] and Bronchiectasis Severity Index [BSI] scores [14] and number of 
events in the last year (exacerbations, emergency room [ER] visits, 
pneumonia, hospitalizations). Informations on clinical history (acute 
respiratory diseases, autoimmune disease, inflammatory bowel disease, 
gastroesophageal reflux disease, etc.) were recorded in order to identify 
the aetiological diagnosis of bronchiectasis. 

At admission we recorded data on gas analysis (pH, partial arterial 
carbon dioxide pressure [PaCO2], partial arterial oxygen pressure 
[PaO2], serum bicarbonate [HCO3

− ] and base excess [BE]). Serum lab-
oratory data about systemic response concerned the number and type of 
leukocytes, haemoglobin, platelets, C-reactive protein (CRP), creatinine 
with electrolytes, total cholesterol, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT) 
and total protein. Finally, we also collected data on serum protein 
electrophoresis, serum total immunoglobulins (IgA, IgM, IgE, IgG, IgG1, 
IgG2, IgG3 and IgG4), levels of autoantibodies (antinuclear antibodies 
[ANA], extractable nuclear antigens [ENA], antineutrophil cytoplasmic 
autoantibodies [ANCA], cyclic citrullinated peptide [CCP]), and specific 
IgE and IgG precipitins for Aspergillus fumigatus. 

2.5. Aetiological definitions 

After evaluation of all the collected data, we identified five groups 
according to aetiological diagnosis (idiopathic, post-infective, COPD, 
asthma and non-common diseases). 

COPD patients were defined by a smoking history of ≥20 pack/years 
and an airflow limitation at spirometry [5], while asthmatic patients 
were characterized according to the clinical history and bronchodilator 
reversibility [6]. Post-infective bronchiectasis were considered in pa-
tients having a clear clinical history (documented also by radiological 
findings) of a significant infective episode leading to the establishment 
of persistent bronchitis. The non-common diseases group considered 
patients with a non-common aetiology such as immunodeficiency, CF, 
ABPA (excluding patients diagnosed with post-infective BE, COPD or 
asthma). In patients with idiopathic aetiology no underlying or previous 
disease was identified. 

2.6. Statistical analysis 

Data were reported with numbers and percentages of patients for 
categorical variables, means ± standard deviation (SD) or medians [1st 
quartile; 3rd quartile] for continuous variables with normal and non- 
normal distribution respectively. Categorical variables were compared 
using the X2 test or the Fisher exact test, and continuous variables with 
the t-test or the non-parametric Mann-Whitney test. 

For each group of patients with a specific diagnosis (idiopathic, post- 
infective, COPD, asthma and non-common diseases) univariate and 
multivariate regression logistic models were created to predict the 
probability of the aetiology (the dependent variable). The independent 
variables in the univariate analyses were: age, sex, BMI, race, smoking 
habit, CCI, mMRC dyspnoea score (≥2), number of previous exacerba-
tion events, history of previous infections, FACED, BSI, radiological 
characteristics (type, extension, distribution, and number of involved 
lobes), post-bronchodilator FEV1, FEV1/FVC, and variables related to 
plethysmograph recordings. Variables related to the performance or 
non-performance of specific tests to achieve the primary diagnosis were 
also considered in the univariate analysis (for example, whether they 
had performed tests for Aspergillus, serum total immunoglobulins, 
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autoantibodies, serum laboratory variables: see Fig. 2). 
In the regression models, indicators such as tolerance (TOL) and the 

variance inflation factor (VIF) were considered to detect the degree of 
multicollinearity; a variable with a VIF > 10 and a TOL < 0.1 presented a 
high level of collinearity with other variables, and was removed from the 
model. The method of backward step selection (backward stepwise se-
lection [pin <0.05, pout> 0.10]) was used for the final selection of the 
variables associated with the aetiological diagnosis in each model, 
applying the likelihood ratio criterion. Then, for each model we calcu-
lated the area under the curve (AUC), sensitivity (95% confidence in-
tervals, CI), specificity (95% CI), positive (PPV) and negative predicted 
values (NPV) and the probability of aetiological diagnosis. 

All statistical analyses were performed using IBM SPSS Statistics 24.0 
(Armonk, New York, USA). A value of p < 0.05 was considered statis-
tically significant. 

3. Results 

3.1. Characteristics of patients according to the different aetiologies 

We enrolled 354 patients with a new diagnosis of BE (39% males, 
mean age 65 years), in whom the aetiology was referred to a previous 
infective event in 48% of cases, COPD in 12.1%, asthma in 10.2%, and 
non-common disease in 13.8% (Table 1). The percentage of patients 
defined as idiopathic was 15.8%. The prevalence of disease considered 
as non-common is shown in Fig. 1. 

The comparison of general characteristics (Table 1) showed signifi-
cant differences in age, sex, smoking habit, CCI, mMRC dyspnoea score, 
airflow obstruction and FACED and BSI scores. In particular, COPD 
patients were older, males, current-former smokers, with more comor-
bidities, worse dyspnoea perception and higher severity of airflow 
obstruction and FACED/BSI scores. Moreover, COPD patients presented 
more ER visits, pneumonia and hospitalizations in the last year. 

The percentage of patients who performed or did not perform a 
specific test to establish the primary diagnosis of bronchiectasis is shown 
in Fig. 2. In asthmatic patients, tests for ABPA were required (44% of 
whom had performed tests, p < 0.05 among groups) and level of total 
IgE (74%, p < 0.001), while the level of serum total immunoglobulins 

(88%, p < 0.001), serum protein electrophoresis (71%, p < 0.05), and 
autoantibodies level (71%, p < 0.001) were performed in patients with 
BE with non-common disease. Finally, 31% of BE patients who under-
went tests for CF were idiopathic (p < 0.05). 

Data on the radiological characteristics of bronchiectasis (Table 2) 
did not show differences with the exception of the extension: local 
extension was more prevalent in COPD and post-infective patients than 
in idiopathic patients (p < 0.05). 

While data on gas analysis did not show differences between groups 
(not shown in tables), levels of serum laboratory variables differed 
(Table 3), in particular regarding the percentages of eosinophils (p <
0.05), basophils (p < 0.05) and total IgE (all higher in patients with 
asthma), creatinine (higher in COPD than in the other groups, p < 0.05), 
total cholesterol (higher in asthma and post-infective groups), and total 
protein (lower in the COPD group). 

Microorganisms were isolated in 107 patients (30%) in the stable 
period. There was no relation between aetiology of bronchiectasis and 
type of sample collected, positive cultures, number of pathogens 
involved and specific microorganisms. Table 4 reports the microbio-
logical variables. 

3.2. Predictors of aetiological diagnosis 

The multivariate regression models identified different predictors of 
each aetiology diagnosis (Table 5). Female sex, the absence of previous 
pneumonia, diffuse distribution of BE on the chest CT scan, a sodium 
level <141.5 mEq/L, eosinophils <3.05% and non-assessment of level of 
autoantibodies were predictors of an idiopathic aetiology (probability of 
aetiology 71.5%), while predictors of post-infective aetiology were the 
presence of previous pneumonia, a low BSI score low (0–4 points) and 
non-assessment of level of autoantibodies (81.3%). Male sex with a se-
vere FACED score (5–7 points) (probability 58.4%) and eosinophil 
count > 0.285 109/L (probability 23.1%) were predictors of COPD and 
asthma respectively. Finally, definitive diagnosis was possible in non- 
common disease when associated with the assessment of functional 
antibodies to Streptococcus P. vaccine, a low level of serum IgA and a 
history of infections related to Primary Ciliary Dyskinesia (PCD). 

Fig. 1. Non-common aetiologies of bronchiectasis; Abbreviations: ABPA indicates allergic bronchopulmonary aspergillosis; PCD, Primary Ciliary Dyskinesia; CF, 
Cystic Fibrosis; α1 ATD, α1 anti-trypsin deficiency. 
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4. Discussion 

This prospective study of patients with a new diagnosis of BE dem-
onstrates that some clinical, radiological, laboratory variables and the 
performance or non-performance of specific tests are predictors of 
aetiological diagnosis. In particular, related to patient-derived variables 
a key role may be ascribed to sex (female in idiopathic, male in COPD), 
previous pneumonia event (absent in idiopathic, present in post- 
infective), diffuse distribution on chest CT scan (idiopathic), risk 
scores (low BSI in post-infective, high FACED in COPD) and certain 

laboratory variables such as lower levels of sodium and eosinophils (in 
idiopathic) and higher level of eosinophils (asthma). The diagnosis of 
idiopathic and post-infective bronchiectasis was possible also without 
the performance of the level of autoantibodies test, which, in contrast, 
was useful in the case of non-common disease aetiology. These variables 
were used in a diagnostic flow-chart (Fig. 3) discriminating the possi-
bility of establishing a common diagnosis with fewer tests (post-infec-
tive, COPD or asthma) or of establishing a non-common or idiopathic 
diagnosis. 

There are several causes of bronchiectasis, and they are not always 

Fig. 2. Tests performed to achieve the primary diagnosis of bronchiectasis.  

Table 1 
General characteristics of 354 patients with bronchiectasis, according to the aetiological diagnosis.  

Variables Total sample n =
354 

Idiopathic n =
56 

Post-infective n =
170 

COPD n = 43 Asthma n =
36>

Non-common diseases n 
= 49 

p-value 

Age, years 64.8 ± 15 66.4 ± 15 64.7 ± 14.8 75.2 ± 7.8 * 
§§

63.2 ± 12.7 # 54.3 ± 16 * § ## <0.001 

Male, % 39.4 26.8 # 37.1 # 81 27.8 # 34.7 # <0.001 
BMI, kg/m2 25.6 ± 4.7 25.4 ± 5.1 25.5 ± 4.6 26.5 ± 4.5 25.9 ± 5.2 25.2 ± 4.6 0.606 
Smoking habit: No/current-former,% 59.4/40.6 69.6/30.4 # 61.3/38.7 # 17.9/82.1 61.8/38.2 # 60.4/39.6 # <0.001 
Charlson Comorbidity Index score, % 62.9      <0.001 
Low: 1–2 points 21.3 62.5 # 67.7 # 21.4 88.6 # 64.6 # 
Moderate: 3–4 points 15.8 17.9 20.4 38.1 8.6 22.9 
High: ≥ 5 points  19.6 12.0 40.5 2.9 12.5 
mMRC dyspnea score ≥2, % 37.7 35.2 33.1 53.9 51.5 32.6 0.033 
FEV1% predicted 75.4 ± 24.1 69 ± 29.4 80 ± 21.3 ## 61 ± 21.5 75.8 ± 23.4 79.2 ± 23 # <0.001 
FEV1/FVC % 65.7 ± 12.3 66.1 ± 11.3 # 67.7 ± 11 ## 54.9 ± 13.5 63.9 ± 11.9 68.7 ± 12.2 ## <0.001 
FACED score, %       0.014 
Mild: 0–2 points 54.9 52.2 60 # 17.6 55.6 69.2 # 
Moderate: 3–4 points 32.4 39.1 25.3 47.1 38.9 26.9 
Severe: 5–7 points 12.6 8.7 14.7 35.3 5.6 3.8 
Bronchiectasis Severity Index (BSI) 

score, %       
0.015 

Low: 0–4 points 39.7 30.2 46.5 # 11.8 44.4 52 
Intermediate: 5–8 points 32.2 34.9 35.2 23.5 33.3 24 
High: ≥ 9 points 28.2 34.9 18.3 64.7 22.2 24 
Number of events in the last year 
Exacerbations 1.4 ± 1.6 1.9 ± 1.6 1.3 ± 1.4 1.7 ± 1.8 1.2 ± 1.5 1.3 ± 1.7 0.058 
ER visits 0.6 ± 1.1 0.6 ± 1.0 0.6 ± 1.2 # 1.1 ± 1.5 0.3 ± 0.6 # 0.4 ± 0.9 # 0.009 
Pneumonia 0.1 ± 0.4 0.1 ± 0.3 0.1 ± 0.4 0.3 ± 0.6 0.1 ± 0.2 # 0.1 ± 0.3 0.023 
Hospitalizations 0.4 ± 1.0 0.3 ± 0.7 0.4 ± 1.0 # 0.8 ± 1.4 0.2 ± 0.6 # 0.2 ± 0.6 # 0.012 

Data are shown as number of patients (percentage) or mean ± standard deviation. Percentages are calculated for non-missing data.; Abbreviations: BMI indicates body 
mass index; mMRC, modified Medical Research Council; FEV1, forced expiratory volume in the 1st second; FVC, forced vital capacity; ER, emergency room. 
*p < 0.05 versus idiopathic; § and §§p < 0.05 and p < 0.001 versus post-infective, respectively; # and ##p < 0.05 and p < 0.001 versus COPD, respectively. 
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easy to identify [2,4]. Indeed, in a high percentage of patients the 
diagnosis cannot be-made despite intensive investigation [15]. In pa-
tients with a new diagnosis of BE, the identification of an aetiological 
cause is a priority [12] in order to define the clinical progression [3,16] 

and to introduce correct management [17]. However, it is not clear 
which tests should be performed in order to determine the aetiology. 
The ERS guidelines recommend performing a specific panel of labora-
tory data [10]; however, this recommendation has a very low level of 

Table 2 
Chest CT scan characteristics.  

Characteristics Total sample Idiopathic Post-infective COPD Asthma Non-common diseases p-value 

Type of bronchiectasis, %        
Cylindrical 91.6 94.4 90.4 87.5 94.4 93.8 0.657 
Varicose 10.5 18.5 10.2 7.5 2.8 10.4 0.172 
Cystic 12 9.3 12.7 15.4 5.6 14.6 0.625 
Extension of bronchiectasis, %       0.010 
Local 38.9 17 § # 44 46.2 38.9 39.6 
Diffuse 61.1 83 56 53.8 61.1 60.4 

Distribution of bronchiectasis, % 
Right upper lobe, %       0.738 
Cylindrical 30 31.5 34.8 14.6 22.2 31.3 
Varicose 1.7 1.9 1.2 2.4 2.8 2.1 
Cystic 5.5 5.6 6.1 4.9 5.6 4.2 
Median lobe, %       0.075 
Cylindrical 48.4 55.6 48.8 34.1 52.8 47.9 
Varicose 3.8 11.1 1.2 4.9 2.8 4.2 
Cystic 3.8 3.7 3.7 4.9 0 6.3 
Right lower lobe, %       0.051 
Cylindrical 61.6 66.7 56.1 54.8 75 70.8 
Varicose 2.3 3.7 2.4 0 2.8 2.1 
Cystic 4.4 1.9 3.7 14.3 0 4.2 
Left upper lobe, %       0.220 
Cylindrical 25.3 27.8 29.7 9.8 19.4 25 
Varicose 1.2 0 1.8 0 2.8 0 
Cystic 4.7 5.6 5.5 0 2.8 6.3 
Lingula, %       0.105 
Cylindrical 40.5 50.9 40 29.3 47.2 35.4 
Varicose 3.2 9.4 2.4 0 2.8 2.1 
Cystic 3.8 3.8 3.6 4.9 0 6.3 
Left lower lobe, %       0.166 
Cylindrical 63.1 64.8 57.6 63.4 77.8 68.8 
Varicose 4.7 11.1 4.8 0 2.8 2.1 
Cystic 4.7 3.7 4.8 7.3 0 6.3 
Number of lobes involved, %       0.086 
1 13.3 5.6 14.5 16.7 13.9 16.7 
2 32.5 24.1 32.7 45.2 33.3 29.2 
3 18.3 20.4 18.8 19 11.1 18.8 
≥4 35.6 50.1 33.9 19.1 41.6 35.4 

Data are shown as percentages, calculated for non-missing data. 
§p < 0.05 versus post-infective; #p < 0.05 versus COPD. 

Table 3 
Serum laboratory variables.  

Variables Idiopathic Post-infective COPD Asthma Non-common diseases p-value 

Leucocytes, 109/L 7.3 [6–8.5] 7.1 [5.4–8.8] 8 [6.6–9.1] 7.2 [5.8–9 7.3 [6.4–8.9] 0.262 
Haemoglobin, g/L 131 [123–141] 135 [125–145] 133 [124–138] 131 [124–149.5] 134.5 [124–142] 0.618 
Plateletes, 109/L 261 [231–321] 246 [197–297] 244 [193–268] 239 [220–258.5] 273 [209–318] 0.157 
Lymphocytes, % 25.9 [21.2–31.1] 27.5 [21.6–35.3] 25.3 [17.1–30.9] 26.9 [23.5–32.6] 28.4 [20.8–32.9] 0.383 
Monocytes, % 6 [5.2–6.3] 5.9 [4.8–7.3] 5.9 [4.7–6.9] 6.3 [5.7–7.7] 6.3 [4.9–7.8] 0.260 
Neutrophils, % 62.6 [57.6–68.3] 60.6 [52.9–67.9] 64.8 [57.3–73.8] 58.8 [51.1–65.9] 58.7 [52.8–65.4] 0.122 
Eosinophils, % 2.1 [1.5–2.9] 2.3 [1.4–3.3] 1.8 [1–3.1] 2.7 [2–5.9]a 2.8 [1.6–4.3] 0.011 
Basophils, % 0.4 [0.3–0.6] 0.5 [0.4–0.7] 0.5 [0.3–0.5] 0.6 [0.4–0.7]a 0.6 [0.3–0.7] 0.029 
C-reactive protein, mg/dL 0.7 [0.2–1.3] 0.4 [0.1–1.8] 0.9 [0.2–1.2] 0.7 [0.1–1] 0.5 [0.1–1] 0.557 
Creatinine, mg/dL 0.8 [0.7–0.9]a 0.8 [0.6–1]a 0.9 [0.8–1.3] 0.7 [0.7–0.9]a 0.8 [0.6–0.9]a 0.001 
Sodium, mEq/L 141 [139–143] 142 [140–144] 141.5 [139–144] 143 [140.7–144] 142 [141–143] 0.114 
Potassium, mEq/L 4.4 [4.1–4.7] 4.5 [4.3–4.7] 4.4 [4.3–4.7] 4.3 [4.1–4.6] 4.4 [4.2–4.6] 0.216 
Total cholesterol, mg/dL 200.5 [172–217] 202 [172.5–224]a 182 [153–198] 206 [190–225]a 198 [161–219] 0.019 
AST, U/L 21 [18–25] 24 [19–28] 21 [18–26] 22 [18–27] 21 [17–27] 0.091 
ALT, U/L 18 [12.5–23] 21 [15–27] 16 [12–26] 19 [15–29] 19 [16–24] 0.052 
GGT, U/L 14.5 [10.5–48.5] 19 [14–53] 19 [16–34] 21.5 [13–42] 16 [12–34] 0.884 
Total protein, g/L 70.5 [68–73] 71 [68–75] 68 [65–73] 71 [70–73.5] 69 [66–72] 0.032 
Total IgE, IU/mL 21 [5–151] 38 [15–146] 109 [4–200] 326 [72–624] 265.5 [47–926] 0.004 

Data are shown as medians [1st quartile; 3rd quartile].; Abbreviations: AST indicates aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl 
transpeptidase. 

a p < 0.05 versus COPD. 
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evidence [10]. Similarly, the BTS guidelines suggest performing tests 
that explore all possible cause of BE [11]. In some cases, CT scanning 
may also aids in identifying a specific aetiology such as ABPA, 
non-tuberculous mycobacteria (NTM), PCD or α1 anti-trypsin deficiency 
(α1 ATD). However, neither the ERS nor the BTS guidelines provide solid 
recommendations regarding which tests to perform or not or perform in 
the diagnostic process. The use of a standardized aetiological algorithm 
based on a “definite” or “possible” diagnosis may be useful even if the 
association between certain diseases and BE is speculative [11]. 

Several previous studies [4,9,15,16,18] have aimed to define the 
aetiological causes of BE in different cohorts in Europe [13], Australia 
[9], and northern [19] and southern China [20,21]. In general, the 
best-known cause of BE was post-infective [4,9,15,16,18,22], but in 
between 34% [4] and 74% [9] of patients the aetiology was not found, 
and so they were characterized as idiopathic. An intensive investigation 
[15] and the use of an aetiological algorithm [11] rather than a clinical 
diagnosis may increase the identification of the cause of BE. These ap-
proaches may be too expensive for all patients needing a diagnosis [15] 

Table 4 
Microbiological variables.   

Idiopathic Post-infective COPD Asthma Non-common diseases p-value 

Type of sample, n      0.551 
Sputum 49 143 37 31 38 
BAS 4 7 3 0 2 
BAL 0 6 0 0 1 
Others 1 0 0 0 0 
Patients with positive cultures, % 33 47 19 10 17 0.075 
Number of pathogens: 1/2/3, % 31/2/0 29/6/1 17/0/0 10/0/0 13/1/0 0.401 
Pseudomonas aeruginosa (non-mucoid), % 6 10 8 3 5 0.684 
Pseudomonas aeruginosa (mucoid), % 8 4 2 1 2 
Streptococcus pneumoniae, % 2 3 1 0 0 
Staphylococcus aureus, % 3 1 1 1 1 
Haemophilus influenzae, % 4 6 2 2 3 
Haemophilus parainfluenzae, % 1 0 0 0 0 
Klebsiella pneumoniae, % 1 0 1 0 0 
Moraxella catarrhalis, % 1 1 0 1 0 
Escherichia coli, % 1 0 0 0 0 
Aspergillus fumigatus, % 0 1 1 0 0 
Aspergillus niger, % 0 0 0 1 0 
Aspergillus spp., % 0 0 0 0 1 
Mycobacterium avium, % 1 0 0 0 0 
Mycobacterium intracellulare, % 0 2 0 0 0 
Candida spp., % 1 0 0 0 0 
Others, % 1 1 1 0 0 
Polymicrobial, % 2 7 0 0 1 

abrAbbreviations BAS indicates bronchoalveolar aspirate; BAL, bronchoalveolar lavage. 

Table 5 
Multivariate logistic regression models predicting the probability to have an aetiological diagnosis.. 

Abbreviations AUC indicates the area under the curve; PPV and NPV, positive and negative predicted value; Ig, immunoglobulins; PCD, Primary Ciliary Dyskinesia. 
The colours of boxes represent variables related to different topics: anthropometric (yellow), anamnesis (light blue), radiological (rose), risk scores (green), and 
laboratory (violet). In brown, performance or non-performance of specific diagnostic texts. See also Fig. 3. 

A. Ielpo et al.                                                                                                                                                                                                                                    



Respiratory Medicine 172 (2020) 106090

7

or too speculative, due to the association between certain diseases and 
BE [11]. To date, no studies have explored the objective role of possible 
predictors for each aetiology. Our observational study of a large cohort 
of patients identified some specific predictors, which might help to 
answer important questions in BE research [12], and may have clear 
implications for prognosis and treatment [15]. Although our experience 
was derived from a real life approach to the clinical management of BE 
in which each test was required if the chest physician had a diagnostic 
hypothesis of a specific disease, the percentage of BE patients in whom 
no aetiology was found (i.e., idiopathic) was lower (16%) than in other 
published studies [4,9,15,16,18,22]. The experience of our research 
group in this area, with a dedicated clinical pathway and a careful 
collection of all variables, may provide an explanation. 

Our panel of predictors (Table 5) summarizes five topics (presented 
in different colours), deriving from clinical, radiological and laboratory 
variables. These predictors, which may increase the probability of a 
specific aetiology, may be related to: a) patient’s gender; b) clinical 
history of previous pneumonia; c) radiological aspects, in particular the 
diffuse distribution of BE on the chest CT scan; d) the severity of bron-
chiectasis scores; and e) laboratory variables such as level of sodium and 
eosinophils. Considered conceptually in a first phase leading to the 
aetiology, these topics may identify a Step 1 (see Fig. 3) where only 
simple but indispensable assessments are required for the diagnosis and 
the initial classification of BE patient. According to our predictors, in 
order to establish the diagnosis of a patient with an aetiology of post- 
infective BE, COPD or asthma (70% of all patients) specific diagnostic 
tests such as the level of autoantibodies or immunoglobulins are not 
needed. These findings challenge recent ERS guidelines on the 

management of BE [10] in which a panel of tests (including serum im-
munoglobulins or ABPA) is proposed for all patients with a new diag-
nosis. Our easy-to-perform baseline evaluations raise our chances of 
identifying the aetiology, especially for post-infective (81%) patients. 
Although in COPD and asthmatic patients the probability of diagnosis 
with few risk factors was moderate (sex and FACED, 58%) and mild 
(high eosinophils, 23%), we noted that the model in both diseases had 
very high negative predictive values (99% and 94% respectively). This 
finding highlights the value of suggesting a spirometry in patients in 
whom it has not been performed. The possibility of integrating a 
spirometry (a crucial test in patients with COPD or asthma, but not to 
discriminate the aetiology of BE, see Fig. 2) might increase the proba-
bility of diagnosis. A second step in the diagnostic route (Step 2) may be 
needed in patients in whom an aetiological diagnosis was not achieved 
in Step 1: these patients may need some specific tests assuming the case 
of non-common disease (see Table 5 and Fig. 3). The level of serum total 
immunoglobulins or autoantibodies, for example, performed more 
frequently in patients with non-common disease (see Fig. 2 and Results) 
differed between groups, and were therefore predictors of these patients. 
This finding, bearing in mind the small population of patients consid-
ered (14%) may justify the use of some tests in the second phase only. 
The idiopathic aetiology, clearly related to the exclusion of other dis-
ease, can be assumed only after this step, although the presence of all our 
predictors identified these patients with a high probability (71%). The 
lower level of serum sodium as a predictor of idiopathic BE, although in 
a normal range (141.5 mEq/L), may be related to the higher prevalence 
of females in this group (73.2%) [23]. Then, our proposed diagnostic 
flow-chart has the role to identify some specific variables of aetiological 

Fig. 3. Proposed diagnostic flow-chart according to the predictors of aetiological diagnosis.  
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causes of BE, in order to guide the diagnosis in new stable adult out-
patients with BE. 

The main strengths of this observational study were the large cohort 
of enrolled patients (more than 300), the only inclusion of patients with 
a new diagnosis of BE, and the use of many integrated variables. The 
main limitation is the performing in a single centre in Spain; clearly, our 
findings may be not reflecting the variabilities of aetiologies across 
different international regions and for this reason we believe that the 
confirmation by a multicentre evaluation in an external cohort is 
required. Second, our research was based on the definition of a diagnosis 
during an outpatient visit and not on the clinical progression of disease. 
In this situation, a longer follow-up might allow a better definition of 
disease evolution, especially of idiopathic BE. Nevertheless, as described 
above, the prevalence of our idiopathic patients was low. Third, our 
diagnostic flow-chart may have a role as a hypothetical guide for chest 
physicians in the management of patients with a new diagnosis of BE. 
Possibly, performing all the tests in all the patients in an experimental 
approach might identify some patients with two or more clinical con-
ditions together (for example an asthmatic patient with a connective 
tissue disease). Given our methodological approach and the context in 
which our study was performed, this possibility cannot be excluded, but 
the prevalence of these patients is likely to be very low. Finally, a full 
battery of tests was not performed on all BE patients and, therefore, 
could be a potential bias that needs to be taken into consideration; to use 
specific testing only on the selected patients at the discretion of the 
clinician may only support the consistency of diagnostic practice pat-
terns. In this context, however, additional caution is required in order to 
avoid potential missing of non-common diseases (for example CF or 
PCD): if clinically suspected, the diagnosis of specific aetiologies need to 
be supported by specific texts. 

5. Conclusion 

Exploring the role of predictors for aetiological diagnosis, our 
research confirms that clinical history, variables related to bronchiec-
tasis scores, and radiological and laboratory aspects are the most 
important available tools in a predictive etiological diagnostic model in 
adult patients with BE. The performance of certain specific tests should 
be reserved to specific patients with a non-common disease. 
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ABSTRACT

Background and objective: The abnormal shortening
of telomeres is a mechanism linking ageing to idio-
pathic pulmonary fibrosis (IPF) that could be useful in
the clinical setting. The objective of this study was to
identify the IPF patients with higher risk for telomere
shortening and to investigate the outcome implications.
Methods: Consecutive Spanish patients were included
at diagnosis and followed up for 3 years. DNA blood
samples from a Mexican cohort were used to validate
the results found in Spanish sporadic IPF. Prior to treat-
ment, telomere length was measured through quantita-
tive polymerase chain reaction (qPCR) and Southern
blot. Outcome was assessed according to mortality or
need for lung transplantation. A multivariate regression
logistic model was used for statistical analysis.
Results: Family aggregation, age of <60 years and the
presence of non-specific immunological or haematolo-
gical abnormalities were associated with a higher prob-
ability of telomere shortening. Overall, 66.6% of
patients younger than 60 years with telomere shorten-
ing died or required lung transplantation, independent
of functional impairment at diagnosis. By contrast, in
patients older than 60 years with telomere shortening,

the negative impact of telomere shortening in outcome
was not significant.
Conclusion: Our data indicate that young sporadic IPF
patients (<60 years) with some non-specific immuno-
logical or haematological abnormalities had higher risk
of telomere shortening, and furthermore, they pre-
sented a poorer prognosis.

Key words: familial pulmonary fibrosis, genetics, idiopathic

pulmonary fibrosis, telomere disorders, telomere shortening.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is the most devas-
tating interstitial lung disease (ILD). Although the path-
ogenesis remains unclear, there is evidence that IPF is
an age-related disease. The mechanisms linking IPF to
ageing, including abnormal shortening of telomeres,
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SUMMARY AT A GLANCE

The study establishes predictive factors for telomere
shortening in idiopathic pulmonary fibrosis (IPF)
and demonstrates clinical implications in pulmo-
nary fibrosis. Sporadic IPF patients younger than
60 years and/or presenting non-specific immuno-
logical or haematological abnormalities were at
higher risk of telomere shortening. A poor prognosis
is more frequently associated with a young disease
onset.
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are currently under study.1–11 The frequency of telome-
rase mutations accounts for 8–15% of cases of familial
pulmonary fibrosis (FPF) and 1–3% for sporadic cases,
with an autosomal-dominant inheritance and age-
dependent penetrance.1,6 Importantly, however, telo-
mere attrition has been identified even in the absence
of telomerase mutations.2,9 There is also evidence that
IPF may be more likely to develop in subjects with the
shortest telomeres.2,7 Thus, telomere shortening is a
risk factor in developing the disease. Short telomeres
are detected in lymphocytes, granulocytes and alveolar
epithelial cells.2 Moreover, pulmonary fibrosis may
occur in the setting of a complex syndrome in which
telomere dysfunction may associate extra-pulmonary
manifestations.1 This systemic effect could explain the
post-transplant lung complications and drug-related
toxicities.12,13 Furthermore, poor patient outcome has
been recently associated with short telomeres.14,15

In this context, the identification of a telomere-
mediated disorder in lung fibrosis is relevant for prog-
nostic implications, diagnostic approach and treatment
of patients facing lung transplant. Therefore, the evalu-
ation of telomere length (TL) would be helpful for per-
sonalizing the management of IPF patients. However,
two facts must be considered: (i) telomere shortening
has been described in a minority of IPF patients14,16

and (ii) genetic studies are expensive and complex, and
their availability depends on the skilled technicians
and economic resources. Thus, optimizing the clinical
suspicion of telomere involvement in IPF would be rel-
evant to improve the diagnostic yield. Hence, we evalu-
ated clinical features that help to identify IPF patients
with higher risk of telomere shortening.

METHODS

Study cohorts
This observational prospective study was approved by
the Ethics Committee of University Hospital of Bellvitge
(approval number PR082/13), and all patients signed
the written informed consent before inclusion in the
study. The derivation cohort consisted of 106 consecu-
tive IPF patients referred to the ILD unit from June
2013, who were evaluated at diagnosis and followed up
for 3 years. Lung transplantation and mortality were
reported. IPF diagnosis was established in accordance
with guidelines.17,18 FPF was considered when two or
more relatives from the same family were affected.
Epidemiological and clinical data were collected. All

patients were tested using the same haematological and
immunological panel (Tables S1, S2, Supplementary
Information). The criteria for considering non-specific
haematological abnormality was the presence of a
decrease in the haemoglobin (Hb, <12 g/L for females
and <13 g/L for males), platelet (<150 000/L) and/or
leucocyte values (<3900/L), following the World Health
Organization (WHO) definitions, in at least two different
determinations, with no identified cause and no clinical
relevance. The criteria for considering non-specific
immunological abnormality was the increase of auto-
antibodies, in two separate blood analyses, but without
the titre required to be considered an immunological
domain (Table S2, Supplementary Information). An

expert rheumatologist evaluated every patient with
some of these immunological abnormalities. Patients
with connective tissue disease (CTD) or interstitial
pneumonia with autoimmune features (IPAF), asbesto-
sis or any other type of fibrotic ILD were not included.19

All patients signed a written informed consent for
genetic testing. The telomere study was performed at
the moment of diagnosis.
The independent validation cohort (Mexican cohort)

consisted of 102 IPF patients, blindly selected, with no
history of family aggregation and diagnosed at the
‘Instituto Nacional de Enfermedades Respiratorias,
Ismael Cosío Villegas’, Mexico City, following published
criteria.17 The normal values for the Mexican cohort
were the same except in the evaluation of anaemia;
due to the difference in altitude, the WHO definitions
were adjusted by altitude (2250 m) and anaemia was
considered when Hb was <13.2 g/L in females and
<14.8 g/L in males.20 All patients consented to be
included for genetic testing and the protocol was
approved by the Bioethical Committee.
The control population utilized to obtain the telo-

mere z-score consisted of 243 healthy subjects, with no
cancer, no respiratory disease, nor any degenerative
disorders such as diabetes, haematological, liver or kid-
ney disease. Seventy-one percent were Caucasian and
29% Hispanic. DNA was obtained by oral swab and
peripheral blood. More details are in Figures S1 and S2
(Supplementary Information). The Bioethical Commit-
tee approved the protocol and all subjects consented to
inclusion.

Sample collection
TL analysis was performed using DNA samples isolated
from mouth epithelial cells and peripheral blood mono-
nuclear cells (PBMC). Oral swabs (Isohelix, SK-2S, Cell
Projects Ltd), previously validated in normal subjects
and other telomeropathies, were used for collection of
cheek epithelial cells and DNA was extracted using a
commercial kit (Isohelix, Cell Projects Ltd).21–23 DNA
from PBMC was obtained as previously described.24

TL analysis
The relative TL was assessed by quantitative polymer-
ase chain reaction (qPCR), as previously described,24

and then was confirmed by Southern blot. The qPCR
determines the ratio of telomere (T) repeat copy num-
ber to single-copy (S) gene (36B4) copy number (T/S
ratio) in experimental samples, as compared with a ref-
erence DNA sample. This methodology was also vali-
dated for the TL measurement in buccal cells. As TL
changes with age, a z-score value was obtained to allow
the comparisons between individuals of different ages.
The z-score compared the T/S value in each individual
with the age-matched mean and SD of the values
obtained in the controls (individual’s value − popula-
tion mean/population SD, age-matched population of
within 9 years on average). The z-score below the 25th
percentile of a normal distribution was considered telo-
mere shortening. Severe TL reduction was identified
when z-score was below the 10th and 1st percentiles.
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Telomere shortening was also measured from blood
DNA of each patient by Southern blot analysis of telo-
mere restriction fragment (TRF) (TeloTAGGG Telomere
Length Assay, Roche), which was considered the gold
standard to determine TL.24,25 Correlation of TL mea-
surements by using both methods are detailed in
Figure S3 (Supplementary Information). Analysis from
both cohorts was done in the same laboratory.

Statistical analysis
Descriptive statistics were expressed as mean (SD) or
median (interquartile range) and valid percentage for
continuous and categorical data, respectively. The rela-
tionship between the length of telomeres and clinical
variables was assessed using the chi-square test (exact
Fisher test with observed frequencies <5) for categori-
cal variables, whereas continuous variables were tested
using t-test (Mann–Whitney U-test when not normally
distribution).
Clinical variables that showed association with the

presence of telomere shortening on univariate analysis
(P–value < 0.1) were used to construct the correspond-
ing multivariate logistic regression backward stepwise
model. Receiver operating characteristic (ROC) curves
were constructed to predict the presence of telomere
shortening. The Hosmer–Lemeshow goodness-of-fit
test was performed to assess the overall fit of the
model.26 Finally, predictors from this model were used
to test the probability of telomere shortening, which
was calculated by following this formula: Exp (b)/

(1 + Exp(b)), where b = −1.088 + 1.069 (in the case of
presence of immunological abnormalities) + 1.422
(in the case of presence of haematological abnormali-
ties) + 0.987 (if age < 60 years).
The 3-year survival data was calculated through mul-

tivariate Cox regression model. Survival graphics were
done using the Kaplan–Meier method, and differences
were assessed with the log-rank statistic. Hazard ratios
(HR) and 95% CI were calculated. Data for mortality
analysis were censored at the date of death or lung
transplant. Patients lost to follow-up were censored at
the last visit date.
All tests were two-tailed, and significance was set at

5%. Statistical software package for Windows (SPSS ver-
sion 20.0, IBM, Chicago, IL,USA) was used.

RESULTS

Patient characteristics
A total of 106 patients from derivation cohort, 68 IPF
and 38 FPF (from 28 different pedigrees) were
included. As shown in Table 1, FPF patients were
younger than the IPF population (P = 0.021), while the
male/female ratio was higher in the IPF group
(P = 0.046). ANA < 1:320 titres were the most common
non-specific immunological abnormality. Mild platelet
count reductions and mild anaemia were the most
prevalent haematological abnormalities (Table 1).

Table 1 Patient characteristics from derivation and Mexican cohorts

Derivation cohort (n = 106) Mexican cohort (n = 102)

P-value‡

n (%)

P-value†

n (%)

FPF patients

(n = 38)

IPF patients

(n = 68)

IPF patients

(n = 102)

Age (years, mean (SD)) 60.8 (11.9) 66.3 (10.9) 0.021 65.0 (8.3) 0.157

Males 21 (56.8) 52 (76.5) 0.046 85 (83.3) 0.268

Smoking history 0.324 0.521

Non-smoker 17 (45.6) 22 (32.4) 27 (31.8)

Current smoker 2 (5.4) 2 (2.9) 6 (7.1)

Former smoker 18 (48.6) 44 (64.7) 52 (61.2)

Non-specific haematological abnormalities 5 (13.5) 10 (14.7) 0.881 49 (48) <0.001

Platelet decrease 0 (0.0) 5 (7.4) 10 (9.8)

Anaemia 4 (10.5) 1 (1.5) 38 (37.2)

Non-specific immunological abnormalities 11 (29) 11 (16.2) 0.209 34 (33.3) 0.013

ANA 1 < 320 homogenic pattern 3 (7.9) 3 (4.4) 29 (28.4)

Other 8 (21.1) 8 (11.8) 5 (4.9)

Signs of telomere syndrome§ 2 (5.4) 0 (0.0) 0.674 0 (0.0) NA

Relative telomere length, mean (SD) 1.0 (0.3) 1.3 (0.3) <0.001 1.65 (0.6) <0.001

z-Score, mean (SD) −1.5 (1.0) −0.6 (0.99) <0.001 −0.337 (1.5) 0.453

Telomere shortening 31 (81.6) 26 (38.2) <0.001 42 (41.2) 0.048

<25th Percentile 7 (22.6) 10 (38.4) 20 (47.6)

<10th Percentile 10 13 (41.9) 8 (30.8) 10 (23.8)

<1st Percentile 11 (35.5) 8 (30.8) 12 (28.6)

†Mann–Whitney U-test or chi-square test comparing IPF and FPF patients from derivation cohort.
‡Mann–Whitney U-test or chi-square test comparing IPF patients from derivation and Mexican cohort.
§Signs of telomere syndrome in these two patients included: premature hair greying, menopause and cryptogenic liver cirrhosis.

ANA, Anti-Nuclear Antibody; FPF, familial pulmonary fibrosis; IPF, idiopathic pulmonary fibrosis; NA, not applicable.
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Reduced TL was first identified by using oral swab
(Supplementary Information, Fig. 1). Peripheral blood
telomere shortening was found in 57 of 106 (53.8%)
Spanish patients (Table 1). FPF patients presented
higher prevalence of telomere shortening (81.6%) with
a shorter TL compared with sporadic IPF (38.2%)
(P < 0.001) (Table 1). A positive correlation was
observed between the two sets of TL measurements
performed by both the qPCR–Southern blot of blood
DNA and by the qPCR on DNA extracted from buccal
cells (R = 0.690) (Fig. S3, Supplementary Information).
One hundred and two sporadic IPF patients from the
Mexican cohort were evaluated to validate the predic-
tive factors for telomere shortening in the derivation

cohort by using blood DNA (Fig. S2, Supplementary
Information). Table 1 summarizes the Mexican IPF
patient characteristics.

Clinical features for predicting telomere

shortening
To evaluate whether telomere attrition could be associ-
ated with some potential predictive factors, we ana-
lysed the differences between patients with and
without reduced TL (Table 2). Patients with telomere
shortening were younger (P = 0.001), without differ-
ence in smoking status (Table 2).
The main predictive factor for telomere shortening

was family aggregation. To determine whether some
clinical variables could be related to telomere shorten-
ing in patients with no family aggregation, we per-
formed a multivariate logistic regression analysis.
Independent variables were selected from the univari-
ate analysis according to P-value <0.1: age transformed
as a binary variable (<60 years), non-specific haemato-
logical and immunological abnormalities. Telomere
shortening was considered a dependent variable. As
shown in Figure 1, IPF patients younger than 60 years
and those with non-specific immunological or haema-
tological abnormalities had a higher risk of reduced
TL. Pre-test probability modelling including these three
independent clinical variables associated with telomere
shortening was used. The probability of telomere short-
ening increased progressively with the number of puta-
tive predictors. Therefore, the probability for telomere
shortening in an IPF patient without any of these char-
acteristics would be 25.2%, rising to 91.6% for those
having all three variables (Table 3). This final model
was well calibrated, with P-values of 0.889, by using the
Hosmer–Lemeshow test. The capacity of the significant
variables derived from the logistic regression model to

Table 2 Patient characteristics according to telomere shortening

IPF patients from

derivation

and Mexican cohort

n = 170

FPF patients

from derivation

cohort n = 38

No telomere

shortening

n = 103

Telomere

shortening

n = 67 P-value

No telomere

shortening

n = 6

Telomere

shortening

n = 32 P-value

Age (years, mean (SD)) 67.5 (8.6) 62.5 (9.9) 0.001 63 (10.6) 60.0 (12.4) 0.568

Males 81 (78.6) 56 (83.6) 0.426 4 (66.7) 18 (56.5) 0.635

Smoking history 0.354 0.038

Non-smoker 28 (30.8) 21 (33.9) 0 (0) 17 (53.1)

Current smoker 3 (3.3) 5 (8.1) 1 (16.7) 1 (3.1)

Former smoker 60 (65.9) 36 (58.1) 5 (83.3) 14 (43.8)

Non-specific haematological abnormalities 32 (31.1) 25 (37.3) 0.339 1 (16.7) 5 (15.7) 0.947

Non-specific immunological abnormalities 19 (18.4) 26 (38.8) 0.003 2 (33.3) 8 (25) 0.671

Bone marrow aplasia, n = 68 0 1 (4) 0.186 0 1 (3.1) 0.661

Signs of telomeric syndrome (early greying hair) 0 0 0.186 0 2 (6.5) 0.661

Relative telomere length, mean (SD) 1.725 (0.53) 1.141 (0.28) <0.001 1.405 (0.09) 0.979 (0.24) <0.001

z-Score, mean (SD) −0.283 (1.06) −1.539 (0.74) <0.001 −0.161 (0.23) −1.794 (0.89) <0.001

FPF, familial pulmonary fibrosis; IPF, idiopathic pulmonary fibrosis.

Figure 1 Probability of telomere shortening in idiopathic pul-

monary fibrosis patients. Receiver operating characteristic anal-

ysis of significant variables derived from the logistic regression

model in its capacity to predict presence of telomere shortness

(area under the curve: 0.670, SE: 0.044, P < 0.001, 95% CI:

0.580–0.751).
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predict telomere shortening was evaluated through
ROC curve with an area under the curve (AUC) of
0.670 (95%CI: 0.580–0.751, P < 0.001) (Fig. 1).

Disease outcome and telomere shortening
To evaluate the role of telomere shortening in progno-
sis, the 3-year survival (lung transplantation and mor-
tality) was compared among patients with and
without telomere attrition. Of the 106 patients, 16
(15.1%) returned to their referral hospital and the
follow-up was lost. Among the 90 patients who were
followed up, 29 patients received anti-fibrotic treat-
ment (pirfenidone n = 16, nintedanib n = 13, 15 cases
with telomere shortening and 14 cases without). 27.8%
of IPF patients and 34.4% of FPF died or required
lung transplant. Lung transplantation was performed
in 12 (13.3%) cases, most of them (83.3%) with telo-
mere shortening. Mortality was reported in 15 (16.7%)
patients and 9 (60%) showed telomere shortening.
The cause of death was related to IPF progression. No
impact of anti-fibrotic treatment was observed on
survival differences, although the number of treated
cases was limited as both drugs were commercially

approved after the recruitment began. Thus, reduced
TL would have a negative impact on the 3-year sur-
vival rate (Table 4).
A multivariate logistic COX regression analysed the

possible implication of clinical characteristics associ-
ated with telomere shortening (immunological or hae-
matological minor abnormalities and age) and disease
progression (baseline forced vital capacity (FVC) and
diffusing capacity for carbon monoxide (DLCO) and
gender). Age was the strongest related factor associ-
ated with poor outcome. Remarkably, the 3-year sur-
vival rate was significantly lower in younger patients
(<60 years, 44% vs 81%, respectively, P = 0.010)
(Table 4, Fig. S4 (Supplementary Information)),
although all of them had a GAP index I, stage I, at
diagnosis. No differences were found in FVC and
DLCO among patients (P > 0.05). IPF and FPF patients
younger than 60 years with telomere shortening pre-
sented higher probability for lung transplant or death
(HR = 3.579, 95% CI: 1.074–10.900) (Fig. 2).
Data on extra pulmonary affectation and non-

specific immunological and haematological abnormali-
ties are included in Tables S1–S5 (Supplementary
Information).

Table 3 Probability of telomere shortening in IPF patients with no family aggregation

Presence of immunological

abnormalities

Presence of

haematological

abnormalities

Age < 60

years

Probability of presence

of telomere shortness (%)

− − − 25.2

+ − − 49.5

− + − 58.3

− − + 47.5

+ + − 80.3

+ − + 72.5

− + + 78.9

+ + + 91.6

Multivariate logistic regression model for telomere shortening

Independent variables OR 95% CI P-value

Non-specific immunological disorders 2.913 1.409–6.024 0.004

Non-specific haematological disorders 4.145 1.010–17.655 0.049

Age < 60 years 2.684 1.297–5.553 0.008

IPF, idiopathic pulmonary fibrosis.

Table 4 Lung transplant and mortality in patients according to age and telomere shortening

Final number

of patients in

follow-up

Age < 60 years (n = 27) Age > 60 years (n = 63)

IPF

n = 15

FPF

n = 12

IPF

n = 46

FPF

n = 17

Telomere

shortening

n = 9

No telomere

shortening

n = 6

Telomere

shortening

n = 12

No telomere

shortening

n = 0

Telomere

shortening

n = 15

No telomere

shortenings

n = 31

Telomere

shortening

n = 10

No telomere

shortening

n = 7

% Death or lung

transplant

56% (n = 14) 19% (n = 12)

66.6% 16.6% 66.6% 0 26.6% 19.4% 10% 14.3%

Transplant (n) 5 0 4 0 0 2 1 0

Deaths (n) 1 1 4 0 4 4 0 1

FPF, familial pulmonary fibrosis; IPF, idiopathic pulmonary fibrosis.
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DISCUSSION

The study reveals for the first time that sporadic IPF
patients younger than 60 years display a high pre-test
probability for reduced TL that increases even more
when non-specific haematological and/or immunologi-
cal abnormalities are present. Furthermore, telomere
shortening would be a valuable marker of outcome,
especially in those cases younger than 60 years of age.
Therefore, while age has been described as a prognostic
factor in the global IPF population (worse prognosis in
older patients), our results show the poorest prognosis
in young IPF patients with telomere shortening. Hence,
telomere (biological) age would be a better prognostic
factor than chronological age.
Our most important finding was the different ratio of

shortened telomeres depending on the clinical pheno-
type. Thus, although the overall probability of telomere
shortening was 25%, in those patients younger than
60 years of age who presented some non-specific immu-
nological and haematological abnormalities, the probabil-
ity was almost 100%. In addition, even in IPF patients
older than 60 years, the age group at which most of them
are diagnosed,17 the presence of the identified blood or
immunological abnormalities may increase suspicion of
an impact of telomere shortening on outcome. Family
aggregation is the most robust independent predictive
factor for telomere shortening.27,28 However, another

strong predictive factor evidenced by our results is age, in
accordance with the recent data from Newton et al.29 and
Borie et al.30 for telomere mutations in FPF.
A reduction of TL has been recently associated with

worse survival in retrospective cohorts.12,29–34 Newton
et al. reported a 2–3-year survival rate in the analysis of
telomere-related gene mutations from 64 families. How-
ever, the mean age for those mutation carriers was
58 � 10 years.29 The results from our prospective cohort
highlight that the prognosis associated with telomere
shortening depends in part on the age of disease onset,
suggesting that the sooner the lung fibrotic process
develops the faster the lung ageing and disease progres-
sion occur. Several hypotheses could explain this obser-
vation, including genetic anticipation and higher cell
turnover in younger patients with the same gene defect.
Another important novelty of this study is the use of

an oral swab as an easy non-invasive method for TL
assessment that presents a good correlation with the
blood DNA analysis. This test could be performed at
the patient’s home, thereby facilitating the screening of
gene mutation carriers.
The prevalence of telomere attrition in our FPF

patients is higher than described, probably as most
previous studies considered telomere shortening under
the 10th percentile.16,35,36 However, other telomere dis-
eases may develop with a telomere reduction under
the 25th percentile.37 Furthermore, we also found a
negative impact on disease outcome with this degree of
telomere reduction.
The main limitations of the present study are the small

sample size of the subgroup of patients younger than
60 years (which reduces the statistical power) and the lack
of other genetic analysis such as MUC5B or SP gene vari-
ants.28 Furthermore, the possible effect of environmental
exposures on TL could only be analysed for tobacco.
In conclusion, identification of telomere shortening

in pulmonary fibrosis is important in predicting patient
outcome. Our study determines a probability pre-test
model for telomere shortening that detects IPF patients
with higher risk and, therefore, that most benefit from
genetic study.
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ABSTRACT Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease characterised by increased
scarring of lung tissue. Despite the recent introduction of novel drugs that slow disease progression, IPF
remains a deadly disease, and the benefits of these new drugs differ markedly between patients.

Human diseases arise due to alterations in an almost limitless network of interconnected genes,
proteins, metabolites, cells and tissues, in direct relationship with a continuously changing macro- or
microenvironment. Systems biology is a novel research strategy that seeks to understand the structure and
behaviour of the so-called “emergent properties” of complex systems, such as those involved in disease
pathogenesis, which are most often overlooked when just one element of disease pathogenesis is observed
in isolation.

This article summarises the debate that took place during a European Respiratory Society research
seminar in Barcelona, Spain on December 15–16, 2016, which focused on how systems biology could
generate new data by integrating the different IPF pathogenic levels of complexity. The main conclusion of
the seminar was to create a global initiative to improve IPF outcomes by integrating cutting-edge
international research that leverages systems biology to develop a precision medicine approach to tackle
this devastating disease.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive disease characterised by increased scarring of lung
tissue [1]. Despite the recent introduction of novel drugs that slow disease progression (namely pirfenidone
and nintedanib), IPF remains a deadly disease, and the benefits of these new drugs differ markedly between
patients [2]. Furthermore, additional anti-fibrotic compounds have failed to demonstrate efficacy in IPF,
probably because of limitations in the translation of pre-clinical studies into humans (figure 1) [3]. To
improve the prognosis of individual IPF patients it is essential to move the field toward a personalised
medicine approach [4]. In this context, we need to better understand the multilevel, network-based biological
complexity of IPF (figure 2). Systems biology is a novel research strategy that seeks, precisely, to understand
the so-called “emergent properties” of complex biological systems (such as clinical presentation or treatment
response) and to understand disease heterogeneity by identifying links and assessing individual risk of
developing a disease at different network levels (molecular, cellular, clinical and environmental) [5]. Thus,
systems biology is ideally suited to move the field of IPF towards a most needed precision medicine scenario.

To address these issues, the Scientific Committee of the European Respiratory Society (ERS), in
collaboration with the ERS group on diffuse parenchymal lung disease, organised a Research Seminar in
Barcelona, Spain on December 15–16, 2016 (http://www.ers-education.org/events/research-seminars/
integrating-systems-biology-approach-in-idiopathic-pulmonary-fibrosis-research,-barcelona-2016.aspx).
The major conclusion of this seminar was the need to design, organise, launch and support a global
initiative for fibrosis treatment (GIFT), based on international translational research collaboration and a
comprehensive, systems-biology based approach to the disease. An organisation like GIFT would have the
potential to move the field of IPF forward quickly and effectively to improve understanding and to identify
an effective treatment. This report summarises the topics discussed durign this research seminar that lead
to the proposal for GIFT.

Current research in IPF: the need to integrate multi-level network complexity
Figure 2 presents a graphical representation of four networks (genetic, cellular, metabolic and
environmental) with potential impacts not only on disease development, progression and response to
therapy, but also to the different variants or phenotypes of the disease. Dissecting and integrating them is
essential to establish a better understanding of the disease and for development of novel therapies.

Experimental

anti-fibrotic approach

in vitro/in vivo model

Why?

Systems biology

of IPF complexity

Drug effectivenessDrug efficacy

No

Human

Clinical trial

FIGURE 1 Systems biology as a tool to improve idiopathic pulmonary fibrosis (IPF) treatment effectiveness.
Harnessing the power of systems biology may provide explanations for discrepancies between in vitro/in vivo
experiments and clinical trial results. These indicators can then be incorporated into more finely tuned
experiments, which should result in more effective treatments.
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Genetic network
IPF is a complex genetic disorder [6–8]. At least eight different genes (MUC5B, TERT, TERC, RTEL1,
PARN, SFTPC, SFTPA1 and SFTPA2) and 11 gene variants in novel loci have been associated with the
disease [9]. A common gain-of-function promoter variant in the MUC5B gene (rs35705950) accounts for
30–35% of the risk for developing IPF and can potentially help identify subjects with a higher risk or
patients with preclinical pulmonary fibrosis [9]. Mechanistically, this MUC5B variant appears to decrease
mucociliary clearance, which can then enhance cell injury and alter wound repair [9].

Another important hub in the genetic IPF network relates to mechanisms of cell ageing. The discovery of
telomerase and telomere functions received the Nobel Prize in Medicine in 2009 [10], and the role of
telomerase and telomere attrition in ageing and other diseases has been well established [11, 12]. Telomere
length decreases with cell division (i.e. with physiological ageing). If telomeres are shortened, cells age.
Conversely, if telomerase activity is high, telomere length is better maintained and cellular senescence is
delayed. For instance, this is the case for cancer cells, which can be considered immortal. In IPF,
telomerase gene mutations and reduced telomere length are highly prevalent [13, 14]. Telomerase
dysfunction and telomere shortening are associated with increased cell senescence and cell damage [15].
Interestingly, telomerase gene mutations have been associated with poor prognosis in IPF [13, 14], and the
severity of telomere attrition correlates with disease progression and outcome [16]. Further, age-related cell
perturbations found in epithelial cells and fibroblasts of patients with IPF are not present in normal lungs
of similar age individuals [17]. However, while it is well established that familial forms of IPF are linked to
dysfunctional telomerase activity and mutations in surfactant proteins, the relationship of ageing to the
majority of sporadic IPF cases is currently under study. Finally, in addition to telomere attrition, there are
other genetic footprints associated with accelerated ageing, including genomic instability and epigenetic
changes [18], which can also be relevant to the pathobiology of IPF. Interventions to modify these
age-related characteristics are currently being investigated in IPF [19], since the lung-ageing process
appears to be associated with the generation of a vulnerable alveolar epithelium, as well as a reduction of
enzymes involved in telomere maintenance [20].

Environmental

network

Cellular 

network

Metabolic 

regulation 

network

Genetic network

PAH
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Cancer
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FIGURE 2 Translation from endotype to phenotype, variants and comorbidities. Four main biological networks
are involved in idiopathic pulmonary fibrosis (IPF) that include several key elements of the accelerated ageing
and lead to the consequent altered wound healing. 1) Cellular network: mesenchymal stem cells (MSCs),
alveolar epithelial cells (AECs), extracellular matrix (ECM), fibroblasts, myofibroblasts, macrophages,
senescence, mitochondrial dysfunction, apoptosis, autophagy. 2) Metabolic regulation network: hormones,
soluble mediators, cell metabolism. 3) Genetic network: MUC5B, SFTPC/SFTPA, telomerase complex,
epigenetics. 4) Environmental network: smoking, pollution, gastro-oesophageal reflux (GOR), dust,
microbiome. The interconnection among the different players and the clinical repercussions of this complex
integrative model is not completely understood. Systems biology is probably the perfect tool to finally shed
light on these elusive questions. PAH: pulmonary arterial hypertension.
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Cellular network
Traditionally, the two cellular actors considered most relevant in IPF were alveolar epithelial cells (AECs)
and myofibroblasts, respectively. Recent research applying single cell sequencing approaches provides
evidence for the existence of several subpopulations of AECs and a variety of interstitial fibroblasts and
other mesenchymal cells. Furthermore, mesenchymal stem cells (MSCs) have also been shown to be
important cellular actors involved in the pathogenesis of lung fibrosis.

AECs are essential for normal lung function, forming the tight functional barrier required for gas
exchange [21]. Under normal conditions, alveolar type II (ATII) cells act as progenitor cells that initiate
alveolar epithelial repair and restoration, giving rise to either new ATII cells or differentiation into alveolar
type I cells [22]. However, activated AEC’s can participate in the fibrogenic response by secreting
mesenchymal proteins [23]. In IPF, reprogramming of these cells results in a number of different
phenotypes and functions, which include proliferation and bronchiolisation, apoptosis, and acquisition of
mesenchymal features [24, 25].

Fibroblasts and myofibroblasts are considered the key effector cells in the fibrogenic response in IPF and a
hub within the cellular network because they are responsible for the large amount of ECM production in
the fibrotic tissue [26]. Yet, there are still many unanswered questions in relation to fibroblasts. For
instance, we do not know if there is only one specific phenotype of fibrotic fibroblast or a variety [27],
what the origin may be of the accumulating myofibroblasts in the IPF lung, and the identity of the main
pathways driving proliferation and differentiation of these heterogeneous cells [28]. From a network
perspective, given that fibroblasts in the alveolus live in close contact with AECs, it is crucial to
understand what mechanisms link epithelial injury and fibroproliferation.

With particular importance for the systems biology and cross-network perspective, alveolar macrophages
seem to be particularly affected by the pro-fibrotic environment of IPF lungs, which deregulates
functionality in wound-healing and repair [29], leading to studies on the downstream implications of high
levels of oxidised mitochondria.

Finally, another key consideration relates to the role of MSCs in IPF [30]. As discussed earlier,
mechanisms associated with ageing participate in the pathobiology of IPF. Part of this ageing process
includes the exhaustion of MSCs and the changes in the function of bone marrow (BM)-MSCs that
depend on age [17, 31]. Interestingly, harvested aged MSCs are less effective in preventing fibrotic changes
than MSCs from young animals [32]. In addition, MSCs from IPF patients have smaller mitochondria and
undergo accelerated senescence [18, 31]. The functional and clinical implications of these observations
merit further investigation [18].

Metabolic regulation network
Metabolism is a key player in biological complexity [33]. For example, in cancer it is well established that
rapid cell proliferation is associated with increased glucose uptake (which can be detected by increased
uptake of 18F-FDG (2-fluoro-2deoxy-D-glucose) on positron emission tomography (PET)) [34]. IPF lungs
also present increased uptake of 18F-FDG [35, 36], and recent studies have shown that metabolic
reprogramming plays a key role in fibroproliferation and myofibroblast differentiation [37, 38]. Classically,
several growth factors, cytokines and hormones have been reported to act in cell-to-cell and
cell-to-extracellular matrix (ECM) cross-interactions, inducing different cell metabolic and fibrotic
changes. Furthermore, mechanical ECM properties, such as increased stiffness, also contribute to
influencing cell phenotype. More recently, a number of hallmarks of ageing such as accumulation of
misfolded proteins and dysfunctional mitochondria, dysregulation of miRNA expression, and deficient
autophagy have been described to contribute to increasing the pro-fibrotic response and modifying cell
behaviour and metabolism [12, 18].

Environmental network
Cells and tissues (hence gene, proteins and metabolites) are constantly exposed to dynamic micro- and
macro-environmental changes (e.g. smoking, the microbiome, pollution and/or gastro-oesophageal reflux
(GOR)) that can modulate their interaction, changing the endotype and, consequently, the phenotype
[39–41]. Smoking exposure increases the probability of the associated emphysema. The treatment of GOR
is recommended in the updated IPF guidelines since, when present, it may increase AEC cell injury [2, 39].
The most recent advances in the knowledge of microbiome postulate that the bacterial signature induces a
host response, which may play a role in disease behaviour and therefore represent another target to
prevent or treat [41].
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Systems biology: well suited for the complexity of IPF research
Systems biology is an iterative research strategy (figure 2). The process generally starts with collection of
multi-dimensional data (genomics, transcriptomics, metabolomics, microbiomics, etc.). The input variables
are rather infinite, but using computational biology, models that aggregate emergent properties can be
created and then challenged by experimental intervention. In this context, network analysis is a powerful
technique to better visualise complex biological systems using graphs. This process is iterated until the
resulting model reflects with sufficient accuracy the experimental findings [42]. SELMAN and PARDO [43]
have already used this approach to propose an integral model of IPF in which a combination of gene
variants results in a loss of epithelial integrity that, in turn, limits the capacity of alveoli to respond to
injury. Thereafter, epigenetic reprogramming takes place and affects epithelial cells and fibroblasts,
resulting in destruction of the lung tissue [43].

Following discussions on current research in IPF, participants in the ERS seminar agreed that a systems
biology approach has great potential to understand better IPF pathobiology, differences in clinical
phenotypes and response to therapy as well as correlations with the clinical expression of IPF variants
(figure 3). Yet, in order to achieve these goals the following critical requirements should be considered and
implemented.

Standard operating procedures
Interoperability of diverse data is critical. Current ongoing studies, such as PROFILE [45] and the
European IPF network registry [46] collect different biological samples to work collaboratively on IPF
diagnosis and monitoring, and are already using a shared set of predefined rigorous standard operating
procedures (SOPs).

Cooperative biobank
Accessing a large number of biological samples sampled and stored according to SOPs, particularly those
obtained in the early phases of the disease, has the potential to identify novel key pathobiological
mechanisms and biomarkers that facilitate the discovery of new treatments to prevent disease progression.
By combining efforts in sample collection at different academic centres, a larger and more comprehensive
biobank could be made available to all IPF researchers, after appropriate assessment of the scientific value
and priority of the project proposed [47]. The Global IPF Collaborative Network (www.ucdenver.edu/
academics/colleges/medicalschool/departments/medicine/globalipf/Pages/GlobalIPF.aspx) with a DNA
consortium is a successful example of this type of initiative [48], with various types of IPF samples (e.g.
surgical lung biopsies, cryobiopsies and cryopreserved cells).

Education and support on novel bioinformatics techniques
Systems biology approaches rely heavily on novel bioinformatics analyses. Most basic and clinical research
centres do not yet have the necessary educational framework and bioinformatics expertise in place to take
advantage of rapidly evolving bioinformatics approaches, which is also crucial for interpretation of results.

The global initiative for fibrosis treatment (GIFT)
Participants in the seminar unanimously agreed that an organisation specifically tailored to foster
top-notch, cooperative, international IPF research was needed to promote the discovery, development and
implementation of more effective and precise (i.e. personalised) treatment options for IPF. To achieve this,
it was proposed to connect existing IPF networks across the globe and build upon databases from previous

FIGURE 3 Iterative working phases
of systems biomedicine. Systems
biology is a process that becomes
highly honed as new information is
aggregated, filtered, tested, and
allocated as essential data for
further cycling through the four
steps. Several lines of investigation
may result. Reproduced from [44]
with permission. ©Permanyer 2017.
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initiatives such as the ERS pan-European IPF registry and biobank (ARIANE-IPF) and the eurIPFreg and
eurIPFbank (www.pulmonary-fibrosis.net) [46]. In addition, national patient groups could be aligned to
move patient treatment forward with equal access and standards as proposed in the European IPF Patient
Charter (www.ipfcharter.org). Pharmaceutical and biotechnology partners could also be welcomed. The
participants suggested this new body could undertake the directive of setting the standards and regulation
needed for an integrated research network across the IPF community that leverages the potential of
systems biology [49]. This body could potentially be named the “Global initiative for fibrosis treatment”
(GIFT), which could also apply for and allocate specific research funds, establish connections between
biobanks to support cutting-edge research, and develop global strategies for IPF challenges.

Participants in the seminar concluded that the next ERS International Congress in Milan (Italy) in
September 2017 would be an ideal forum to develop these ideas further, establish specific goals, and
determine task allocation (organisation, chairmanship, frequency of meetings) and short-term milestones.
The first priority for the proposed body is an inclusive invitation to contribute to this worldwide initiative
and to design a governance document, to establish directives, functions, and responsibilities, which was
presented at the ERS International Congress in Milan. Secondly, it must be determined by quorum,
including all the relevant international experts, how these goals will be achieved. Due to the costly nature
of biomedical research, finding funds for the logistic implementation of GIFT is also required. The GIFT
initiative was approved by the ILD assembly of the ERS during the ERS International Congress in Milan.

All in all, GIFT would then have the potential to direct and facilitate the highest-quality integrative research
with the final goal of finding novel, effective, and safe therapies for this complex and lethal disease.
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CORRESPONDENCE

Corticosteroids in acute
exacerbations of idiopathic

interstitial pneumonias: Time
to debate

To the Editors:

We have read with interest the article by Arai et al.1

The use of corticosteroids, specifically in acute exacer-
bations of idiopathic pulmonary fibrosis (AE-IPF), is
controversial because no clinical trials have confirmed
the beneficial effect attributed to them.2 In fact, some
authors have debated their role in AE-IPF. First, the use
of corticosteroids in stable IPF is clearly not recom-
mended. In fact, it has been demonstrated that the
survival rate could be lower with their use.3 Second, AE-
IPF have radiological and pathological similarities with
acute respiratory distress syndrome (ARDS)2 and corti-
costeroids are not generally recommended in ARDS.4 In
keeping with this, a recent observational study of AE-IPF
reported that patients never treated with immunosup-
pressants and steroids before and after an AE-IPF pre-
sent a higher survival rate than those treated with
steroids.5 Contrary to this, in their study, Arai et al.1

recommended the use of high-dose steroids in a group
presenting AE of idiopathic interstitial pneumonia (AE-
IIP) which included 74% of AE-IPF patients. However,
certain aspects of this study warrant close attention.
First, the study included patients who were divided

into IPF (n = 63) and non-IPF (n = 22) patients. The
authors have divided the radiological patterns into
usual interstitial pneumonia (UIP) (n = 55), possible
UIP (n = 12) and inconsistent with UIP (n = 18). From
our perspective, it would have been preferable to
include only patients with definitive IPF diagnosis as
including a heterogeneous non-IPF group could be a
confusing element in the results. Furthermore, the
definitive diagnosis of these non-IPF patients is not
specified. Reviewing the results of IPF versus non-IPF
group, 75% (47/63) of IPF and 90% (20/22) of non-IPF
patients received high doses of corticosteroids. Interest-
ingly, the subgroup that received the highest doses of
corticosteroids tends to show a lower survival rate after
90 days (36% vs 22%) (Supplementary Information).1

Additionally, we do not have any data regarding the
cumulative effect of the total dose of steroids received
by the patient, to demonstrate that in fact it could have
a greater effect on the 90-day survival rate than the ini-
tial dose, especially in relation to adverse events. In

addition, it is worth noting that the high dose of corti-
costeroids only improves survival in the non-ventilated
patients. Although this result was thought to be justi-
fied by the fact that corticosteroid treatment was
already commenced before it was decided whether
ventilation would be used, the use of ventilation in
these kinds of diseases could be an indication of the
worst outcome. So, it is possible that the condition of
the group of patients who did not receive mechanical
ventilation was in fact less severe and more predis-
posed to a favourable outcome.
The authors concluded in the abstract that ‘a dose of

prednisolone ≥0.6 mg/kg after i.v. high-dose methyl-
prednisolone therapy should be recommended for the
treatment of AE-IIP’. We believe that this affirmation
should be taken with caution, and needs to be con-
firmed in a clinical trial, especially given the still very
controversial nature of the subject.
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From the Authors:

We appreciate Dr Sellarés et al.’s comments on our
study investigating the efficacy of high-dose predniso-
lone after intravenous methylprednisolone in treating
acute exacerbations (AE) of idiopathic interstitial pneu-
monias (IIP).1

We agree that ‘it is time to debate about corticoste-
roids in AE of idiopathic pulmonary fibrosis (IPF) (AE-
IPF)’. We believe that our results may stimulate debate
regarding the treatment of AE-IPF. Treatment with cor-
ticosteroids is not recommended in stable IPF, based
on the results of PANTHER study2; however, treatment
with corticosteroids remains controversial in AE-IPF.3

The Japanese diagnostic criteria for AE-IPF include
progressive hypoxaemia4; therefore, we suppose that
AE-IPF have been empirically treated with corticoste-
roids without definitive evidence. We could not directly
compare survival of AE-IPF treated with and without
prednisolone, so we compared the prognostic signifi-
cance of high- and low-dose prednisolone therapy
using multivariate analysis.
Subjects of our study had AE-IPF (n = 63) and AE-

non-IPF (n = 22), including nonspecific interstitial
pneumonia (n = 1) and unclassifiable IIP without surgi-
cal lung biopsy examination (n = 21). We evaluated the
effect of prednisolone dose (high dose: ≥0.6 mg/kg, low
dose: <0.6 mg/kg) in all AE-IIP patients because the sur-
vival and clinical demographics of AE-IPF and AE-non-
IPF were similar. Prognosis of AE-IIP managed with
positive pressure ventilation (PPV) was dramatically
worse than that of AE-IIP without PPV. We showed a
significant survival benefit of high-dose prednisolone
for AE-IIP managed without PPV using multivariate
analysis; however, high-dose prednisolone did not
improve survival in AE-IIP with PPV.
Dr Sellarés et al. suggested that it was preferable to

examine only the AE-IPF patients, as non-IPF patients
may reflect a heterogeneous population, thus the effect
of high-dose prednisolone on AE-IIP may be con-

founded. We have separately re-evaluated the effect of
high-dose prednisolone on AE-IPF (n = 37) and AE-
non-IPF (n = 13) without PPV. High-dose prednisolone
was a significant predictor of good prognosis of AE-IPF
without PPV (Table 1). However, high-dose predniso-
lone did not significantly affect prognosis of AE-non-
IPF without PPV (P = 0.491, log-rank test). As Dr Sell-
arés et al. have also pointed out, the cumulative dose
of corticosteroids might be associated with survival of
AE-IIP. However, cumulative dose itself depends on
the survival period, thus it may be difficult to examine
this association.
In contrast, Papiris et al. treated AE-IPF according to

their protocol consisting of immediate cessation of
immunosuppression (if any), best supportive care and
broad spectrum antimicrobials, and showed that sur-
vival of AE-IPF never treated with corticosteroids
(n = 12) was better than if treated with corticosteroids
before the onset of AE (n = 12).5 However, in their
study, three patients with AE-IPF and multiple events
were included as 10 separate patients of AE-IPF. Fur-
thermore, there was no significant difference in survival
from the onset of the first event of AE between AE-IPF
patients who had not (n = 6) and had (n = 11) been
treated with corticosteroids (P = 0.640).5

Our recommendation to treat AE-IIP with high-dose
prednisolone is provisional because our study was ret-
rospective with a limited number of patients. Our
results should be confirmed in prospective randomized
controlled trials.
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Editorial

Nutritional  Abnormalities  and  Muscle  Dysfunction  in  Idiopathic
Pulmonary  Fibrosis�

Alteraciones nutricionales y disfunción muscular en la  fibrosis pulmonar idiopática
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Interstitial diseases constitute a  heterogeneous group of dis-

eases, some of which may  progress to  fibrosis, causing respiratory

failure, limitation in activities of daily living, and even death. One

of the most important of these  diseases is idiopathic pulmonary

fibrosis (IPF), a  fibrosing interstitial pneumonia of unknown ori-

gin which causes significant morbidity and which still has a  poor

prognosis.1 Interest in  this entity has been growing in recent years

due to advances in knowledge of its pathophysiology and improved

imaging techniques, and the appearance of new treatments (i.e.,

nintedanib and pirfenidone) that might delay the advance of

fibrosis.1 Although it has been known for some time that the pul-

monary effects of IPF can limit the exercise capacity of patients, the

impact of this limitation on their daily physical activity is less well

characterized. Observations from other respiratory diseases have

shown that limitations in lung function are successively accompa-

nied by extrapulmonary factors, as other systems (cardiovascular,

musculoskeletal) become deconditioned by the reduction in physi-

cal activity. Another aspect closely related with deconditioning that

is rarely studied is the nutritional status of patients, which may  also

lead to muscle problems. The prevalence of nutritional disorders in

patients with IPF and hypoxemia has been estimated to  be 30%,2

and can be as high as 56% in patients who are candidates for lung

transplantation.3 The predominant nutritional profile in advanced

disease is normal weight but with a  loss of lean mass,3 a  disparity

that can be explained by  the frequent presence of a high percentage

of body fat. Loss of weight and lean mass are independent prog-

nostic factors of the disease,3,4 so it is essential that patients are

correctly evaluated, not only with the calculation of body mass

index (BMI), but also with a  determination of body composition

(e.g., bioelectrical impedance analysis). A significant consequence

of the loss of lean mass is  muscle dysfunction. Despite this, only a

few studies have focused on this aspect of the disease. The findings

� Please cite this article as: Gea J, Bàdenes D,  Balcells E. Alteraciones nutricionales

y  disfunción muscular en la fibrosis pulmonar idiopática. Arch Bronconeumol.

2018;54:545–546.
∗ Corresponding author.

E-mail address: quim.gea@upf.edu (J. Gea).

clearly show weakness in both the respiratory and the periph-

eral muscles,5–7 which undoubtedly contributes to the reduction

in physical activity and poor quality of life of patients.5,8

Loss of weight and lean mass in  IPF could be explained not only

by deconditioning and ingestion difficulties, both mainly due to

dyspnea, but also by the presence of oxidative stress and pulmonary

and systemic inflammation that increase during exacerbations,9

hypoxia, aging, and the most common comorbidities associated

with IPF, such as diabetes mellitus type II (10%–35% of patients),10

all of which induce a  loss of protein content.11 It is  also well known

that up  to 30% of IPF patients also have pulmonary emphysema,12

an entity associated with nutritional disorders. Finally, there is

the deleterious effect of certain treatments, such as systemic cor-

ticosteroids, that cause a  negative protein balance and that can

also induce acute and chronic myopathies. Nintedanib, with its

gastrointestinal and anorectic side  effects, can also contribute to

weight loss. Pirfenidone can suppress the appetite, but may, in

contrast, have a  positive effect on nutritional status by  inhibiting

transforming growth factor-beta factor (TFG-�), a  cytokine that

has been implicated in loss of weight and muscle mass in various

diseases.13

Despite all this, there are no specific recommendations for the

management of nutritional disorders and muscle dysfunction in

IPF.14,15 It seems logical to  recommend close monitoring of lung

disease, a  healthy lifestyle, with appropriate diet and physical activ-

ity level, avoiding exacerbations and inappropriate use of  systemic

corticosteroids. The systematic use of nutritional supplements in

these patients has not yet been proposed, although their use in

advanced cases of malnutrition would be reasonable. Nor is there

any consensus on the use of anabolic drugs. One  intervention that

has produced improvement, at least in terms of skeletal muscle

function, is  general exercise and muscle training.6

In summary, clinicians must pay attention not only to pul-

monary progress in IPF, but also to the nutritional status and muscle

function of their patients, since disorders are common and affect

prognosis. Once the problem has been detected, healthy lifestyle

habits should be recommended, exacerbations, hypoxia and harm-

ful treatments should be  avoided as far as possible, and training

programs adapted to the possibilities of the patient must be started,

1579-2129/© 2018 SEPAR. Published by Elsevier España, S.L.U. All  rights reserved.
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along with nutritional supplements or  even anabolic drugs in some

cases.
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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is a chronic lung disease for which age is the most important risk
factor. Different mechanisms associated with aging, including stem cell dysfunction, have been described to participate
in the pathophysiology of IPF. We observed an extrapulmonary effect associated with IPF: increase in cell senescence
of bone marrow-derived mesenchymal stem cells (B-MSCs).

Methods: B-MSCs were obtained from vertebral bodies procured from IPF patients and age-matched normal controls.
Cell senescence was determined by cell proliferation and expression of markers of cell senescence p16INK4A, p21, and
β-galactosidase activity. Mitochondrial function and DNA damage were measured. Paracrine induction of senescence
and profibrotic responses were analyzed in vitro using human lung fibroblasts. The reparative capacity of B-MSCs was
examined in vivo using the bleomycin-induced lung fibrosis model.

Results: In our study, we demonstrate for the first time that B-MSCs from IPF patients are senescent with significant
differences in mitochondrial function, with accumulation of DNA damage resulting in defects in critical cell functions
when compared with age-matched controls. Senescent IPF B-MSCs have the capability of paracrine senescence by
inducing senescence in normal-aged fibroblasts, suggesting a possible link between senescent B-MSCs and the late
onset of the disease. IPF B-MSCs also showed a diminished capacity to migrate and were less effective in preventing
fibrotic changes observed in mice after bleomycin-induced injury, increasing illness severity and proinflammatory
responses.

Conclusions: We describe extrapulmonary alterations in B-MSCs from IPF patients. The consequences of having
senescent B-MSCs are not completely understood, but the decrease in their ability to respond to normal activation and
the risk of having a negative impact on the local niche by inducing inflammation and senescence in the neighboring
cells suggests a new link between B-MSC and the onset of the disease.
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Background
Idiopathic pulmonary fibrosis (IPF) is a chronic interstitial
lung disease characterized by a progressive and irrevers-
ible loss of lung function though accumulation of scar
tissue [1–3]. Its annual incidence in the USA has been
estimated to be 6.8–16.3 cases per 100,000 inhabitants [1,
4]. IPF has a heterogeneous evolution and, even though
periods of clinical stability may be observed, progressive
deterioration is unavoidable with a median survival of 3–
5 years from the time of diagnosis [5]. Although two new
approved therapies are currently available (pirfenidone
and nintedanib), their efficacy is limited, and several
adverse effects have been described [6].
Aging is considered the main risk factor for IPF [7–

11]. Along with others, we have demonstrated that there
is an increase in markers of cell senescence in lung
fibroblasts from IPF patients [12–15]. Additionally, we
have shown that, in animal models of lung injury, aged
bone marrow-derived mesenchymal stem cells (B-MSCs)
have decreased protective activity [16]. This is in
contrast to what we had previously described in young
animal models of pulmonary fibrosis, where infusion of
B-MSCs isolated from normal young donors in the ini-
tial stages of the injury results in a decrease in collagen
deposition in the lung after bleomycin instillation [17,
18]. Therefore, we aimed to determine the differences in
the biological and functional characteristics of B-MSCs
from healthy individuals and IPF patients within the
same age range. Characterization of IPF B-MSCs shows
an increase in cell senescence linked to an upsurge of
senescence-associated secretory phenotypes (SASPs)
promoting a proinflammatory milieu and increasing de-
position of components from the extracellular matrix.
Our data suggest that extrapulmonary alterations in
B-MSCs from IPF patients might contribute to the
pathogenesis of the disease. To our knowledge, this is
the first report describing amelioration in functional and
reparative capacities of the endogenous nonpulmonary
MSCs from patients who have developed IPF.

Methods
Human B-MSC isolation and manipulation
Human B-MSC isolation was approved by the Committee
for Oversight of Research and Clinical Training Involved
Decedents (CORID) of the University of Pittsburgh. As
previously described, B-MSCs were isolated from bone
marrow fragments from cadaveric vertebral bones [16].
B-MSCs were divided into three groups: young donors
(18–30 years; n = 7), old donors (57–82 years; n = 11), and
IPF patients (60–82 years; n = 8) (Additional file 1: Table
S1). B-MSCs were isolated, cultured, and expanded
according to previously published protocols (see
Additional file 1: Online data supplement).

Animals and animal treatment
Female 11-week-old C57BL/6 mice (The Jackson Labora-
tory, Bar Harbor, ME) were treated with 2 U/kg bleomycin
hydrochloride solution (63323–136-10; APP pharmaceuti-
cals, Schaumburg, IL) dissolved to 1 U/ml in sterile saline
and delivered by direct injection into the trachea using a
0.9-mm needle. While under anesthesia, a cell suspension
of 500,000 human B-MSCs in 100 μL culture medium was
injected intravenously. Control group mice received the
same volume of sterile medium solution (see Additional
file 1: Online data supplement for details). All animal pro-
tocols were reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC).

Statistical analysis
Statistical analyses were performed using GraphPad Prism
version 7 (GraphPad Software) and STATA version 13
(Stata Corporation). Comparisons between control and IPF
B-MSCs were made using a Mann-Whitney test.
Kruskal-Wallis and Dunn tests were used for
between-group comparisons. For time-dependent observa-
tions, we used mixed-effect models with a robust variance
estimator to calculate the difference between groups in ex-
perimental outcomes.

Results
IPF B-MSCs are more senescent than age-matched control
B-MSCs
B-MSCs isolated from IPF patients showed morphological
changes characterized by increased cell size accompanied
by replicative senescence in comparison with B-MSCs from
age-matched controls. Quantification of B-MSC
proliferation by measurement of DNA staining showed de-
creased cell proliferation (Fig. 1a), which was confirmed by
determination of flow cytometric quantification of cell cycle
phases. A lower number of IPF B-MSCs was observed in
the G2/M phase compared with old control B-MSCs and a
higher number of IPF-B-MSCs were found in the G0 phase
after transforming growth factor (TGF)-β1 stimulation
(Additional file 1: Supplementary Figure S1).
To confirm the senescence phenotype of B-MSCs from

IPF patients, we investigated the presence of other markers
of senescence. Measurements of senescence-associated β-
galactosidase (SA-β-gal) activity showed significantly
higher positivity in B-MSCs derived from IPF patients
compared with the control group (Fig. 1b, c). Furthermore,
transcript levels of the inhibitor of cell cycle p21 was sig-
nificantly increased in IPF B-MSCs and p16INK4A and p53
were moderately increased when compared with
age-matched controls [19, 20] (Fig. 1d).

DNA damage in B-MSCs from IPF patients
The ability to repair DNA declines with age, and the
consequent accumulation of DNA damage leads the cells
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to senescence or apoptosis [21]. We evaluated DNA dam-
age in B-MSCs from IPF patients and controls by deter-
mination of γ-H2AX phosphorylation (Fig. 2a).
Quantification of positive cells showed a significantly
higher percentage of IPF B-MSCs with DNA damage com-
pared with age-matched controls (Fig. 2b). Additionally,
telomere shortening has been identified as one of the hall-
marks of aging [21]. We observed an important tendency
to a shorter telomere length in B-MSCs from IPF patients
when measured by flow-FISH [22] (Additional file 1: Figure
S2) that correlates with a senescent phenotype.

Decreased stemness and function of IPF B-MSCs
B-MSCs are characterized by their ability to differentiate
into chondrocytes, osteocytes, and adipocytes [18, 23,
24]. With age, the differentiation potential is attenuated
or inhibited for chondrogenesis and osteogenesis. Con-
versely, the differentiation potential into the adipogenic
lineage is increased with senescence [25]. We evaluated
the ability of B-MSCs to differentiate by treating them
with adipogenic media. After 21 days of treatment,
quantification of Oil-Red staining demonstrated a
significant decrease in positive cells in cell cultures of
IPF B-MSCs compared with the age-matched control,
suggesting that the differentiation capacity was dimin-
ished in IPF-B-MSCs (Fig. 3).
TGF-β1 also plays an important role in directing fate

decision in B-MSCs and modulating regenerative func-
tion of B-MSCs [26–28]. We analyzed the response to
TGF-β1 stimulation on control and IPF B-MSCs at 24 h
and 72 h. At 24 h, IPF-MSCs expressed higher levels of
interleukin (IL)-6 (a well-known factor of SASP) than
control cells (data not shown). In sharp contrast, at 72 h
of TGF-β1 stimulation, transcript levels of growth fac-
tors associated with wound healing and reduction of tis-
sue fibrosis such as TGS-6, KGF, and IL-1RN were
diminished in IPF B-MSCs (data not shown).
The wound healing process is also affected by the cap-

acity of B-MSCs to migrate to the injured organ [16].

Fig. 1 B-MSCs from IPF patients show increased senescence. a
Proliferation rates of idiopathic pulmonary fibrosis (IPF) B-MSC (filled
circles) compared with age-matched controls (Old; open circles),
showing slower proliferation rates in IPF B-MSCs compared with
age-matched controls. b Representative photos of B-MSCs subjected
to Senescence-associated β-galactosidase (SA-β-gal) staining. c
Percentage of SA-β-gal-positive cells from IPF patients and age-
matched controls (Old); mean ± SEM; n = 3. d Expression of
senescence markers p21, p16INK4A, and p53 measured by qRT-PCR;
fold change (FC) ± SEM; *p < 0.05

Fig. 2 B-MSCs from IPF patients show accumulation of DNA damage. Immunofluorescent analysis of histone H2AX phosphorylation (H2A.X) was
performed. a Representative images are shown for control (Old) and patient (idiopathic pulmonary fibrosis (IPF)) cells (γH2AX, red; DAPI, blue). b
Results are expressed as the percentage of the γH2AX-positive cells, showing significantly more γH2AX-positive IPF B-MSCs than old control cells;
mean ± SEM; n = 10; **p≤ 0.01
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Using a combination of parabiosis and bleomycin-induced
lung fibrosis models, we first analyzed the effect of aging
for in-vivo migration of B-MSCs (see Additional file 1: On-
line data supplement). We found that bleomycin-injured
lungs, independent of the age, can generate the appropriate
signals which promote the recruitment of cells that express
a pattern of surface markers that resemble B-MSCs into
the lung. However, only B-MSCs from young mice were
able to migrate and home into the injured lung, suggesting
an age-related defect of B-MSCs to respond to chemotactic
stimuli (Additional file 1: Figure S3). Secondly, in-vitro
studies were used to analyze the migration capacity of IPF
B-MSCs. Migration and proliferation of IPF B-MSCs and
controls were determined by in-vitro wound closure assays.
Control B-MSCs were able to close the wound after 48 h
of stimulation with 1% of serum from IPF patients. On the
contrary, IPF B-MSCs failed to close the wound with the
same stimuli (Fig. 4). Both control and IPF B-MSCs have
minimal migration after 24 h of TGF-β1 stimulation or
media without serum (data not shown).

IPF B-MSCs have fragmented and dysfunctional
mitochondria
Mitochondrial dysfunction has been implicated in the
induction of cellular senescence and fibrosis [8, 29,
30]. It is also recognized that mitochondrial activity
regulates the stemness, activation, proliferation, and
metabolism of B-MSCs [31]. We examined the mito-
chondrial morphology and bioenergetics of B-MSCs
from IPF patients and age-matched controls. Morpho-
metric analysis of mitochondria in electronic micro-
scope images showed a reduction in area and length
in IPF B-MSCs consistent with mitochondrial frag-
mentation (Fig. 5a–c). Additionally, mitochondrial
mass measured by MitoTracker staining was found to
be increased in IPF B-MSCs (Fig. 5d). This suggests

that, although smaller, mitochondria from IPF
B-MSCs are more abundant than controls.
We evaluated the mitochondrial function by determin-

ation of bioenergetics profiles under basal conditions, as
well as the respiratory rate after the injection of oligomycin,
an inhibitor of the complex V of the electron transport
chain (ETC), and maximal respiratory capacity on the
injection of the mitochondrial inner membrane uncoupler
carbonyl cyanide p-trifluoromethoxyphenylhydrazone
(FCCP). Finally, the complex I inhibitor rotenone was
administered to determine the nonmitochondrial oxygen
consumption rate (OCR). IPF B-MSCs showed lower OCR
at basal and maximal respiration conditions and after injec-
tion of mitochondrial complex inhibitors in comparison
with control cells (Fig. 6a).
Metabolic reprogramming has been found in myofi-

broblasts from IPF patients. We analyzed glycolytic
rates in IPF B-MSCs and controls. Extracellular acid-
ification rate (ECAR) readings at baseline and after
FCCP treatment were lower in IPF B-MSCs compared
with controls, suggesting there was no glycolytic re-
programing in these cells (Fig. 6b). In fact, when the
relationship of basal OCR/ECAR was examined, IPF
patients showed a less energetic phenotype compared
with control individuals (Fig. 6c). As a consequence
of lower oxygen consumption and glycolytic rates,
total adenosine triphosphate (ATP) content in IPF pa-
tients decreased compared with the control group
(Fig. 6d).
TGF-β1 can stimulate OCR and ATP generation [32].

We studied the effects of TGF-β1 on oxidative phos-
phorylation after 4 h of TGF-β1 stimulation on IPF and

Fig. 3 B-MSCs from IPF patients show a decline in their ability to
differentiate. In-vitro adipose cell differentiation was induced in B-
MSCs from age-matched controls (Old) and idiopathic pulmonary
fibrosis (IPF) patients. Cells were incubated with adipose
differentiation media for 15 days, fixed, and stained with Oil Red O.
Differentiation was assessed quantitatively by microscopic analysis of
red pixels to measure lipid accumulation relative to the control
samples; mean ± SEM; ****p ≤ 0.0001 Fig. 4 IPF B-MSC migration is impaired. Cell migration was

determined by creating a wound gap and the progression of
wound closure was photographed using an inverted microscope.
Idiopathic pulmonary fibrosis (IPF) and age-matched (Old) B-MSCs
were incubated in growth medium with or without 1% IPF serum
(n = 3) for 48 h
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control B-MSCs. Basal respiration was not affected by
TGF-β1 stimulation in control and IPF cells. Compared
with untreated (starved) cells, IPF B-MSCs stimulated
with TGF-β1 showed significant increases in maximal
respiration after FCCP treatment and in the presence
of the glycolysis inhibitor 2-deoxy-D-glucose (2-DG)
(Fig. 6f ), whereas age-matched control B-MSCs did
not show significant changes upon stimulation (Fig.
6e). These results suggest that IPF B-MSCs have a
higher response to TGF-β1 stimulation upon uncoup-
ling of the mitochondria and inhibition of glycolysis.
ECAR bioprofiles showed a similar pattern in control
(Fig. 6g) and IPF B-MSCs (Fig. 6h).

Aged B-MSCs have a decreased capacity to prevent lung
fibrosis progression
To assess changes in the capabilities of human
B-MSCs to alter the severity of the lung injury, we
evaluated the ability of age-matched control and IPF
B-MSCs to prevent the development of
bleomycin-induced lung fibrosis and then compared
this with the response mediated by B-MSCs isolated
from young donors. Two regimens of cell infusion
were examined: a preventive regimen with infusion of
cells 2 h after bleomycin injection, and a therapeutic
regimen with cell infusion at day 7 post-bleomycin.
Weight loss was used as a measurement of illness

severity. As previously reported, mice in the prevent-
ive and therapeutic regimens that received young

B-MSCs were protected against weight loss compared
with bleomycin-treated mice without B-MSC infusion
(Fig. 7a, d). Mice receiving old and IPF B-MSCs in
the preventive regimen lost weight more severely than
the mice infused with young B-MSCs, but less than
mice in the bleomycin-alone control group (Fig. 7a).
In the therapeutic regimen, old and IPF B-MSCs
similarly failed to provide beneficial effects in
bleomycin-injured mice, although IPF B-MSC mice
had a substantial higher weight loss. Lung pathology
was analyzed by Masson trichrome staining at day 14
post-bleomycin. Mice in the preventive regimen that
received old and IPF B-MSCs developed extensive fi-
brosis similar to the bleomycin control group (Fig.
7b). In contrast, mice treated with young B-MSCs de-
veloped less lung fibrosis. Lung pathology findings
correlated with collagen content measured by deter-
mination of hydroxyproline levels (Fig. 7c). In the
therapeutic regimen, transcript levels of collagen 1
and 3 were similar in bleomycin-treated mice with or
without B-MSC infusion (Fig. 7e). However, mice that
received IPF B-MSCs showed significantly higher
transcript levels of IL-6 and IL-1β (Fig. 7f ).
To further study the potential profibrotic effect of

IPF-MSCs, we analyzed whether conditioned media
from IPF-MSCs change the phenotype of human lung fi-
broblasts. Aged human lung fibroblasts were cultured
with conditioned media (CM) from IPF B-MSCs or
age-matched controls. After 48 h of treatment, human

Fig. 5 Mitochondria in B-MSCs from IPF patients are more abundant but smaller compared with aged-matched controls. a Transmission electron
microscopy (TEM; n = 2 and 4 per group) of B-MSCs from donor control (Old) and idiopathic pulmonary fibrosis (IPF) patients. Scale bars =
500 nm. b,c Quantitative analysis of morphometric data from TEM images (area and length). d Mitochondrial mass determined by MitoTracker
Green (MTG) and normalized to cell number using DAPI; *p≤ 0.05, **p≤ 0.01
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lung fibroblasts showed increased expression of markers
of senescence, including β-galactosidase activity (Fig. 8a,
b), and upregulation of p16INK4A and p53 (Fig. 8c). In
parallel, higher expression of collagen 1, collagen 3, and
fibronectin was found in fibroblasts cultured in the pres-
ence of CM from IPF B-MSCs (Fig. 8d).

Discussion
IPF is an age-related systemic disease with a predomin-
ant lung phenotype. There is compelling evidence that,
for unknown reasons, the lung can be the main target of
systemic alterations such as telomere mutations, alter-
ations in proteostasis, and mitochondrial dysfunction. It

Fig. 6 Mitochondria in B-MSCs from IPF patients have lower OCR and ECAR compared with aged-matched controls. Real-time measurements (mean ±
SEM, n= 4 with technical triplicates) of the mitochondrial oxygen consumption rate (OCR; pmol O2/min) and extracellular acidification rate (ECAR; mpH/
min) of B-MSC were measured under basal conditions and in response to the indicated mitochondrial inhibitors. OCR (a) and ECAR (b) in idiopathic
pulmonary fibrosis (IPF) B-MSCs (continuous line) is significantly lower compared with B-MSC from age-matched controls (Old; dashed line). The basal
relationship between OCR and ECAR (c) of IPF B-MSCs was lower compared with controls. Adenosine triphosphate (ATP) content in IPF B-MSCs (d) was
measured by bioluminescence assay. Total ATP content was shown to be nonsignificantly lower in IPF B-MSCs compared with age-matched controls. To
evaluate the effects of transforming growth factor (TGF)-β stimulation on B-MSCs from IPF and control patients, B-MSCs were stimulated with human
recombinant activated TGF-β1 (5 ng/ml). Real-time measurements (mean ± SEM, n= 4 with technical triplicates) of the mitochondrial OCR and ECAR of
B-MSCs were measured under basal conditions and in response to the indicated mitochondrial inhibitors. OCR in basal (continuous line) or TGF-β1-
stimulated (dashed line) B-MSCs are shown for control (e, g) and IPF (f, h) patients; *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001. 2-DG 2-deoxy-D-
glucose, DMEM Dulbecco’s modified Eagle’s medium, FCCP carbonyl cyanide p-trifluoromethoxyphenylhydrazone, Oligo. oligomycin, Rote. rotenone
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has been proposed that the reparative capacity of B-MSCs
may be decreased with age [33]. In our current study, we
have demonstrated that B-MSCs from IPF patients are
defective when compared with age-matched controls.
B-MSCs from IPF patients present mitochondrial dysfunc-
tion and impaired recovery capacity in response to
in-vitro and in-vivo stimulation. In addition, B-MSCs from
IPF patients showed evidence of DNA damage and a ten-
dency to have telomere shortening. These findings clearly
show that B-MSCs from IPF patients were more senescent
than the age-matched controls.
Aging is a process that affects all cells, including mesen-

chymal stem cells. It has been suggested that, in aged mes-
enchymal stem cells and aged lungs, several pathways are
altered that could increase the risk of IPF [33]. We have
recently demonstrated that fibroblasts isolated from the
lungs of IPF patients have an increase in markers of cell
senescence [12]. However, there are limited data about the
role of B-MSCs in IPF. In our original observation, using
the murine model of bleomycin-induced lung fibrosis, we
compared the effect of a single dose of intratracheal bleo-
mycin in a model of accelerated aging on 6-month-old
senescence-accelerated-prone (SAMP) mice and senescen
ce-accelerated-resistant (SAMR) mice using 12-month-old

mice [25]. Fourteen days after the insult, we observed a
decrease in the ability to repair the lung in SAMP mice
after bleomycin-induced lung injury, resulting in an
increase in lung fibrosis when compared with SAMR mice.
In SAMP mice, these changes were associated with higher
levels of TGF-β1 in the lung and a decrease in the ability
of B-MSCs to respond to the soluble signals of injury. In
our current study using B-MSCs from control and IPF
donors, we have observed that only animals treated with
B-MSCs from young donors exhibit lower fibrosis after
bleomycin injury, corroborating the fact that the capacity
to respond to fibrosis is reduced in aged B-MSCs. This is
in support of the findings observed in our cytokine stud-
ies. Although not significant, we observed a differential
biological effect at 72 h of TGF-β1 stimulation in both
groups. IPF B-MSCs cells had lower nonsignificant expres-
sion of TSG6 and KGF than old B-MSCs. This is concord-
ant with our hypothesis, as both genes are associated with
protective modulation of mesenchymal stem cells in lung
fibrosis [34, 35].
A decrease in cell proliferation, mitochondrial dys-

function, telomere attrition, and cellular senescence are
identified as hallmarks of aging [21]. Our results have
globally demonstrated that B-MSCs from IPF patients

Fig. 7 Aged B-MSCs have a decreased capacity to prevent lung fibrosis progression. C57BL/6 mice were subjected to bleomycin injury and
subsequently treated with bone marrow-derived mesenchymal stem cells (B-MSCs) from young individuals (black), aged individuals (Old; green),
idiopathic pulmonary fibrosis (IPF) patients (red) or cell medium (blue) intravenously at day 0 (a–c) or day 7 (d–f). a, d Percent of initial body
weight curves are shown. The group that received B-MSCs from young donors presented lower weight loss compared with the bleomycin
control group, and mice receiving B-MSCs from other groups (old and IPF patients) have a similar weight loss. Infusion of cells at day 7 show a
higher weight loss when treated with IPF-MSCs (d); mean ± SEM; n = 5 in bleomycin control group and IPF B-MSC; n = 9 in young and old B-
MSCs. b Masson’s trichrome staining of representative histologic sections (20×, scale bar = 100 μm). c Quantitation of hydroxyproline (Pro-OH)
content in the lung. e, f In the group that received cells at day 7, mice treated with B-MSCs from IPF donors have higher levels of expression of
profibrotic and proinflammatory genes compared with controls and young B-MSCs; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Cntr. control,
Col collagen, FC fold-change, IL interleukin, PBS phosphate-buffered saline
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show more advanced biological signs of aging compared
with individuals of a similar age, which suggest that the
hypothesis proposed by Selman and Pardo [7, 36] of IPF
as an accelerated form of aging of the lung is also plaus-
ible in B-MSCs. In addition, these hallmarks relate to
each other and could explain this accelerated process of
aging in B-MSCs from IPF patients. We have found that,
in IPF, B-MSCs have dysfunctional mitochondria with
decreased OCR and ECAR compared with controls. On
the other hand, dysfunctional mitochondria have been
associated with a distinct senescent phenotype in human
cells that results from an NADH-AMPK-p53-dependent
pathway. Since the central role of mitochondria is to
regulate cell function [8, 37], this could also be one of
the factors contributing to an accentuated senescent
phenotype in B-MSCs from IPF patients. However, other
factors could also contribute to the induction of senes-
cence. Dysfunctional telomeres and nontelomeric DNA
damage may also transform the cell into a senescent
phenotype [19]. In our study, despite the absence of a
significant correlation in telomere shortening and IPF,
we observed a tendency for a lower average telomere
length consistent with that observed in other IPF studies
with a higher sample size [38]. Thus, secondary to differ-
ent factors, B-MSCs from IPF patients are more senes-
cent, leading to a loss of the repair capacity, which as
previously suggested could be one contributing cause to

the development of IPF [33]. Additionally, correlating
with the phenotype observed in IPF B-MSCs to the on-
set of the disease, a profibrotic phenotype was induced
only in old lung fibroblasts.
In the present study, we have demonstrated that

B-MSCs from IPF patients have important differences in
mitochondrial function, increases in DNA damage that
result in cell senescence, and defects in critical cell func-
tions when compared with age-matched controls. IPF
B-MSCs show signs of accelerated senescence that
suggests a link between aging and the late onset of the
disease. Given that MSCs exhibit decreased function
with age and disease, this confirms the possible risk of
the use of autologous stem cells in patients with IPF.

Conclusions
MSCs, like other cells in IPF patients, have multiple
defects that can result in an increase in the severity of the
disease. We have identified extrapulmonary changes in
the bone marrow-derived mesenchymal stem cells
(B-MSCs). Although there is evidence in animal models,
no human studies have assessed the function of IPF
B-MSCs compared with age-matched old control donors.
In our study, we demonstrate for the first time that
B-MSCs from IPF patients are senescent with significant
differences in mitochondrial function and accumulation of
DNA damage resulting in defects in critical cell functions

Fig. 8 Stimulation of human lung fibroblasts (HLF) with bone marrow-derived mesenchymal stem cell (B-MSC) conditioned media (CM) from
idiopathic pulmonary fibrosis (IPF) patients recapitulates senescence and fibrotic phenotypes in old HLF. HLF from a 65-year-old male were
stimulated with CM from B-MSC of controls (Old; 73 ± 4 years of age) and IPF patients (72 ± 5 years of age) for 2 days. a HLF were subjected to
SA-β-gal staining and percent of senescent cells were quantified (b). c mRNA expression levels in stimulated HLF were determined by qRT-PCR
for senescent markers (p21 and p53) and d profibrotic SASPs (fibronectin (FN)1, collagen (Col)1, ACTA1, and Col3); mean ± SEM; *p ≤ 0.05, **p ≤
0.01, ***p ≤ 0.001. Treatment with nonconditioned media does not increase transcript levels in HLF (data not shown). FC fold-change
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when compared with age-matched controls. Senescent
IPF B-MSCs have the capability to stimulate paracrine
senescence by inducing senescence in normal aged fibro-
blasts, suggesting a possible link between senescent
B-MSCs and the late onset of the disease. Despite IPF be-
ing a disease with a respiratory phenotype and a major
representation in the lung, our results show systemic con-
sequences of the disease.

Additional file

Additional file 1: Supplementary figures. (ZIP 623 kb)
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Biomarcadores séricos en las enfermedades pulmonares intersticiales difusas
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Biomarkers or biological markers are defined as molecules, sub-
stances or clinical parameters that reflect the underlying biological
processes involved in a  disease.1 Biomarkers can be classified in 4
ways: as indicative of risk or predisposition, or as diagnostic, prog-
nostic, or therapeutic, depending on their function.1 The clinical
utility of biomarkers in diffuse interstitial lung diseases (ILD) has
been evaluated primarily in  idiopathic pulmonary fibrosis (IPF),
although in recent years some promising biomarkers have also
been identified in other ILDs.1–5 The complexity of diagnosing and
predicting the outcome of fibrosing ILDs has been challenging in
the search for valid biomarkers, and, although many have been
identified, very few have been easily obtainable or reproducible,
or representative of the pulmonary process in  the long term.1–7

However, a  few biomarkers with these characteristics are currently
being validated with the collaboration of international networks,
thanks to technological advances and the availability of registries
and biobanks.5,8,9 Pulmonary fibrosis biomarkers in  serum that
have been studied in most depth are divided into 3 categories:
those associated with alveolar epithelial dysfunction, those asso-
ciated with extracellular matrix remodeling and fibroproliferation,
and those associated with the immune system regulation and host
defense mechanisms.1,6,7

The most important genetic markers associated with epithelial-
mesenchymal reparative changes are  variants that encode proteins
that synthesize or regulate the telomerase enzyme (TERT, TERC,
DKC1, PARN, RTEL1, TINF1, OBFC1, NAF1), those that encode sur-
factant proteins (SFTPC, SFTPA2, ABCA3), and in  the case of markers
associated with ciliary changes and cellular defense alterations, the
genetic mutation that encodes MUC5B.5,10–12 A  recent study that
included thousands of patients with sporadic and familial IPF con-
firms that the common variant of the MUC5B gene, rs35705950,
increases the risk of developing the disease, with an odds ratio (OR)
of 5.45, 95% CI: 4.91–6.06 in the presence of a  mutant allele, and an
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OR 18.68, 95% CI: 13.34–26.17 in  2 mutant alleles.5 Rare TERT and
RTEL1 telomerase variants and telomere shortening are also associ-
ated with a  greater risk of developing the disease.5,10 Moreover, the
presence of telomere shortening and telomerase mutations confer a
worse prognosis in  patients with IPF, especially in younger subjects,
and warrant special considerations from a  management and ther-
apeutic perspective.10,11 The presence of MUC5B polymorphism
and telomere shortening has been associated with the pulmonary
fibrosing component of other ILDs, such as rheumatoid arthritis
or hypersensitivity pneumonitis, in  which they have prognostic
implications.12 Gene expression has been shown to improve the
multi-dimensional Gender, Age, and Physiology (GAP) predictive
model that includes gender, age and forced vital capacity and lung
diffusing capacity of CO.8 As such, the study of genetic biomarkers
involved in lung fibrogenesis could be useful in ILDs with limited
survival associated with the fibrosing pulmonary component.

Protein biomarkers have also been evaluated for decades, but
progress has only been achieved in recent years, thanks to research
networks and group collaborations. Examples of  these collaborative
efforts are the PROFILE study and the EurIPFRegistry, which include
hundreds of samples from IPF patients from different regions,
while the PROFILE study also collected longitudinal serological
determinations.4,9 The most widely tested serum biomarkers are
the following: (a) cytokines such as KL-6 (a marker of  alveolar dam-
age), which was particularly high in subjects with increased risk
of exacerbations, and CCL-18, which was associated with poorer
survival1; (b) metalloproteinases (MMP), mainly MMP-7 and MMP-
1, associated with lung function decline and mortality2,3; (c)
pulmonary surfactant products SPA, SPD, associated with increased
alveolar damage2,3; (d) neoepitopes and collagen degradation sub-
stances as predictors of worse prognosis4; and (e) cell and tissue
aging products such as the AGE/RAGE ratio or heat shock proteins
(HSP) including HSP45, which show higher serum concentration in
cases with more rapid progression.13 Although these biomarkers
have been validated in terms of prognostic capacity, most series
include a  limited number of cases and none has been a  decisive
factor in  the differential diagnosis of the different fibrosing ILDs.
Finally, some clinical trials, such as FLORA and INMARK, include
serum biomarkers to monitor progression and pharmacological
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effect. Of particular interest in  the FLORA clinical trial was the effect
of the drug GLPG1690 on lysophosphatidic acid levels in blood,
which decreased when the compound was being administered and
rose again after it was discontinued.14

In spite of the usefulness that some of these biomarkers have
demonstrated in different studies, their use in daily clinical practice
is limited and the international guidelines are slow to recommend
their use.15 As  such, there is  a  gap between scientific advances
and the information obtained through biomarkers and their use
in clinical practice. Several reasons for this gap have been pro-
posed, primarily: the general unavailability of the techniques
specifically required for determining some biomarkers; the lack
of efficiency studies that demonstrate cost-benefit compared to
clinical parameters already in use; the absence of consensus on
the most useful measurements; and the limited, though grow-
ing, scientific evidence from large, validated clinical trials. Just
as international genetic studies have identified genetic variants
that increase the risk of developing the disease, it is  possible that
in the near  future international collaborative studies and clini-
cal trials will identify a  combination of serum biomarkers that,
united in a  single platform, can be evaluated correctly in different
countries.

In conclusion, the progress of knowledge on serum biomark-
ers in interstitial diseases, and ILD in particular, may  be one of the
keys to optimizing the diagnosis, prognosis, and treatment of these
patients. National and international collaboration among the var-
ious biobanks and registries is  essential if we are to achieve these
aims in minority diseases such as these.
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