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ABSTRACT 
 

Background: Midrange-proadrenomedullin (MR-proADM), assessed in stable COPD patients, 

has been shown to be associated with all-cause mortality. However, the association of stable 

state MR-proADM with severe exacerbations of COPD requiring hospitalisation (severe 

AECOPD), or with community acquired pneumonia (CAP) in COPD patients has not been 

studied yet.  

Aims and objectives: The aim of this study was to evaluate the association of stable state 

MR-proADM with severe AECOPD and CAP in COPD patients.  

Methods: This study pooled data of 1285 patients from the COMIC and PROMISE-COPD 

cohort studies. Time till first severe AECOPD was compared between patients with high 

(>0.87nmol/l) or low (<0.87 nmol/l) levels of plasma MR-proADM in stable state as 

previously defined. For time till first CAP, only COMIC data (n=795) was available. 

Results: COPD patients with high level stable state MR-proADM had a significantly higher 

risk for a severe AECOPD compared with those with low level MR-proADM with a corrected 

hazard ratio (cHR) of 1.30 (95% CI, 1.01 - 1.68). Patients with high level stable state MR-

proADM had a significantly higher risk for a CAP compared with COPD patients with low level 

MR-proADM in univariate analysis (HR 1.93; 95% CI, 1.24 - 3.01) but, after correction for age, 

lung function and previous AECOPD, the association was no longer significant (cHR 1.10; 95% 

CI, 0.68- 1.80).   

Conclusions: Stable state high level MR-proADM in COPD patients is associated with severe 

AECOPD but not with CAP. 

  



Introduction 

 

Chronic obstructive pulmonary disease (COPD) is a complex and heterogeneous disease 

accompanied with increased morbidity and mortality.(1;2) Underlying chronic and systemic 

inflammation play an important role in the pathophysiology of COPD, its progression and its 

associated comorbidity.(3-6) It is estimated that COPD is the third leading cause of death 

worldwide.(7) COPD is characterised by acute exacerbations (AECOPD) which can accelerate 

the already existing gradual decline in lung function and increase the risk of death.(8;9) 

Furthermore, AECOPD are associated with increased risk of hospitalisation, lower quality of 

life and increased healthcare costs.(8;10) Effective therapy or interventions to prevent this 

morbidity and mortality include for instance inhalation medication, smoking cessation, 

supplemental oxygen therapy, pulmonary rehabilitation and lung transplantation.(11)  

 

Nowadays, the emphasis lies more on personalised treatment and guidance of COPD 

patients. Where COPD is a heterogeneous disease with different phenotypes, patients with 

COPD are heterogeneous as well in their risk for the development of morbidity and their risk 

of death.(1;12;13) For the individual COPD patient predicting high risk for this morbidity and 

mortality may lead to changes in patient management such as adjustment of therapy and 

self-management or even end of life conversation.(11) 

 

To determine risks for adverse outcomes in patients with COPD various tools have been 

developed, such as the multidimensional BODE-index and the ADO-score.(14;15) Different 

biomarkers are established to predict adverse outcomes as well. An important one is MR-

proADM, the biologically-inactive midregional fragment of the adrenomedullin prohormone. 



The aetiology and characteristics of MR-proADM are extensively described elsewhere.(16) In 

brief, MR-proADM is the more stable precursor of adrenomedullin (ADM) and is used as a 

surrogate for the pluripotent regulatory peptide ADM. ADM is widely expressed throughout 

the body and acts as both a hormone and a cytokine. It potentially has comprehensive 

effects such as vasodilatory, diuretic, anti-inflammatory and antimicrobial. Widespread ADM 

expression has been established in pulmonary tissue as well. ADM can be upregulated by 

hypoxia, inflammation, bacterial products and shear stress. Thus, elevated ADM levels can 

often be seen in end stage pulmonary disease. Due to its different properties, MR-proADM is 

not only used in pulmonary disease but in multiple other diseases as well such as 

cardiovascular disease and in sepsis.(17) 

 

MR-proADM measured in stable state has been shown to be associated with survival in 

COPD patients(18) and to be an independent predictor when combined with the BOD and 

ADO with which the predictive power of the indices even increased.(19) However, the 

association of stable state MR-proADM with morbidity in COPD has not been studied yet. 

Community acquired pneumonia (CAP) and severe AECOPD resulting in a hospitalisation are 

among the most important factors contributing to this morbidity and are associated with a 

high burden of disease and low quality of life.(20) 

 

The aim of this study was to evaluate the association of stable state MR-proADM with 

morbidity in COPD patients, defined as risk of severe AECOPD and CAP. To assess the 

association we used data of two large European prospective observational cohort studies of 

patients with COPD in stable state, the COMIC and the PROMISE-COPD study.  



Methods 

 

Settings and study population 

For this study we performed a pooled analysis of individual patient data of two large 

European prospective observational COPD cohort studies, the COMIC study (Cohort of 

Mortality and Inflammation in COPD) and the PROMISE-COPD study (PRedicting Outcome 

using systemic Markers In Severe Exacerbations of Chronic Obstructive Pulmonary Disease). 

Detailed inclusion and exclusion criteria of both studies are included in the supplemental 

material. 

 

Outcomes 

The outcome parameters were time till first hospitalisation for an AECOPD and time till first 

CAP. For time till first CAP only data from patients included in the COMIC study were 

available. AECOPD was defined as an acute negative change from baseline, reported by the 

patient, in dyspnoea and/or sputum volume and/or colour of sputum (yellowish or greenish 

sputum) and/or cough, which may warrant additional treatment of prednisolone with or 

without antibiotics by a physician in a patient with underlying COPD. Pneumonia was defined 

as an acute respiratory tract illness associated with radiographic shadowing on a chest 

radiograph consistent with infection which was neither pre-existing nor of any other known 

cause.(21) All X-rays were double read by a radiologist and a chest physician. In case of 

doubtful shadows in the report, the X-ray was presented to another chest physician for final 

judgment. 

 

MR-proADM 



Plasma samples of MR-proADM were obtained at stable state and levels were measured 

with an automated sandwich immunoassay using a time-resolved amplified cryptate 

emission technology (TRACE).(22) Stable state is defined as the moment in which no 

exacerbation occurred and no prednisolone or antibiotics were used for a minimum of 4 

weeks before the blood sample was taken. MR-proADM level was dichotomised as high 

(>0.87nmol/l) or low level (<0.87 nmol/l) as defined in an earlier study with the pooled 

cohorts.(19)  

 

Statistical analysis 

Continuous variables are expressed as mean (± standard deviation (SD)) or as median 

(interquartile range (IQR)), and categorical variables as counts (percentages). Time from 

inclusion to event (first hospitalisation for a severe AECOPD, first CAP) was analysed by 

Kaplan-Meier survival curves and compared between COPD patients with high (>0.87nmol/l) 

or low (<0.87 nmol/l) level of MR-proADM with log rank tests. Univariate and multivariate 

Cox proportional hazard regression models were used to establish the association of MR-

proADM with time till first hospitalisation for an AECOPD and time till first CAP. First we 

studied in univariate analyses the association between MR-proADM and potential 

confounders within the baseline characteristics such as lung function parameters, previous 

AECOPD in the year before inclusion, GOLD stage, body mass index (BMI), comorbidity, and 

sex. Next, we studied in multivariate Cox proportional hazard regression models the 

association between the outcome parameters (time till first hospitalisation for an AECOPD, 

time till first CAP) on the one hand and MR-proADM level on the other hand, and added all 

confounders (i.e. variables that were associated with MR-proADM and the outcome 

parameter of the specific models with a corresponding p-value <0.10). We started the 



multivariate model with all confounders. Variables with the highest p-value were eliminated 

step by step until the fit of the model decreased significantly, based on -2 log likelihood. All 

tests were two-sided and a p-value of 0.05 was considered statistically significant. Data were 

analysed using SPSS, version 22(SPSS Inc. Chicago IL, USA)  

 

  



Results 

 

Baseline characteristics 

In 1285 out of 1433 patients from both studies MR-proADM was measured in stable state 

and these patients were used for the analyses. The baseline characteristics of these patients 

are displayed in Table 1, stratified for both studies. Median follow up times of the COMIC 

and PROMISE-COPD study were respectively 915 (824-1068) and 725 (421-764) days. 321 

(25%) patients were defined as having a high level of stable state MR-proADM. The 

cumulative proportion of patients with at least one severe AECOPD in the pooled analysis 

and at least one CAP in the COMIC study after 1, 2 and 3 years are displayed in the Tables 2 

and 3 respectively, stratified for low and high level of stable state MR-proADM.  

 

Time till first hospitalisation for an AECOPD  

In the pooled analysis COPD patients with high level stable state MR-proADM (N=321) had a 

significantly higher risk for a severe AECOPD compared with those with low level MR-

proADM (N=964) (Figure 1) (log-rank: p<0.001) with a hazard ratio of 1.56 (95% CI, 1.24 – 

1.98) in univariate analysis. In the multivariate Cox regression analysis patients with high 

level stable state MR-proADM, corrected for the confounders FEV1 (litres), BMI, mMRC, 

heart failure, diabetes mellitus and previous AECOPD still had a significantly higher risk for a 

severe AECOPD with a corrected hazard ratio of 1.30 (95% CI, 1.01 – 1.68).  

 

Time till first CAP 

In the COMIC study COPD patients with high level stable state MR-proADM (N=197) had a 

significantly higher risk for a CAP compared with COPD patients with low level MR-proADM 



(N=474) (Figure 2) (log-rank: p=0.003) with a hazard ratio of 1.93 (95%CI: 1.24 – 3.01) in 

univariate analysis. However, corrected for age, FEV1 (litres) and previous AECOPD in 

multivariate Cox regression analysis this association was no longer significant (cHR 1.10; 95% 

CI, 0.68 – 1.80).  

 

 

 

  



Discussion 

 

In our pooled analysis of two large European COPD cohort studies MR-proADM, measured in 

stable state, was shown to be an important biomarker associated with severe AECOPD. A 

high level of MR-proADM, measured in stable state, was associated with a 30% increased 

risk of a severe AECOPD when corrected for potential confounders such as lung function, 

previous AECOPD, age and comorbid status. With 25% of the patients having a high stable 

state MR-proADM level and with 34% (cumulative proportion) of the patients having at least 

one severe AECOPD during the 3 years of follow up, our results are not only significant but 

are clinically relevant as well. 

 

In patients with COPD, exacerbations are important determinants of their quality of life, 

health status and disease progression. Additionally they are a major factor in the total 

burden of costs in COPD. The most important component of these costs are hospitalisations. 

Therefore, in the daily care for the COPD patient prevention of severe exacerbations of 

COPD is not only important for preserving quality of life, lung function, exercise performance 

and even preventing mortality, but it also is important for reducing healthcare costs.(8;10) 

Therefore, the prevention of exacerbations of COPD and the risk assessment for future 

exacerbations plays an important role in the management of COPD in the strategy document 

from the Global Initiative for Chronic Obstructive Lung Disease.(23)  

 

Identifying patients with high risk for a severe AECOPD, for instance by high level stable state 

MR-proADM offers the physician an additional and strong tool to decide when to take 

additional measures to prevent the detrimental effects of an severe exacerbation. Different 



pharmacological and non-pharmacological strategies are described and used in practice to 

prevent COPD exacerbations, such as bronchodilators, inhaled corticosteroids, 

phospodiesterase-4 inhibitors, long term antibiotics and pulmonary rehabilitation.(10;24) 

However the evidence for and effect of some of these strategies are limited and may only be 

effective in selected patients. Besides, up until now, the choice for one or more of these 

treatment strategies are mostly based on clinical and lung function parameters and not 

based on biomarkers. Therefore, further studies should address whether biomarker guided 

treatment with these strategies and perhaps a more extensive monitoring of our COPD 

patients at high risk for a severe AECOPD favourably impacts short and long-term morbidity. 

In addition, up to know, it remains unknown whether the information on a low risk profile 

based on a biomarker-guided stratification could lead to a change in management, such as, 

for instance, restricting access to certain interventions.  

 

Patients with exacerbations, especially the ones that require hospitalisation, are at increased 

risk of dying compared with patients who do not develop exacerbations.(8;10;20) MR-

proADM at stable state is a strong predictor for mortality. The current analysis shows that 

increased MR-proADM at stable state is also associated with an increased risk of severe 

AECOPD. The higher mortality risk attributed to elevated levels of stable state MR-proADM 

defined in earlier studies may at least partly be because of its association with severe 

AECOPD. Biomarker guided prevention of severe AECOPD could therefore have the potential 

to lower the mortality risk as well.  

 

Evidence accumulates that MR-proADM is associated with morbidity and mortality at 

different time points during the course of COPD. In stable state high MR-proADM is 



associated with severe AECOPD, exertional hypoxemia(25) and mortality.(18) During 

exacerbation, high MR-proADM predicts length of hospital stay and mortality(17) and 

elevated MR-ProADM at hospital discharge predicts survival as well.(26) It would be 

interesting to know how the association and predictive value of MR-proADM with morbidity 

and mortality behaves when serial longitudinal measurements within one patient are made 

during the course of the disease, if changes in the MR-proADM level are followed by changes 

in disease activity, and if treatment (pharmacological and/or non-pharmacological) of the 

COPD influences MR-proADM levels. Future studies have to address these topics. 

 

Another way in which identifying patients with a higher risk for severe AECOPD with MR-

proADM could be used is by helping these higher risk patients to be included in 

interventional studies in COPD in which (severe) exacerbations are an important outcome. It 

is proposed that the enrichment of trials with these subjects at high risk may improve the 

power of the study, lower the number of patients needed to be included and shorten the 

follow-up time of the study.(27)  

 

The cut-off level of MR-proADM used in this study was based on an earlier study.(19) 

However, that was a study with mortality as the end-point. To establish whether the value of 

0.87 nmol/l is the ideal cut-off level for morbidity as well we performed additional analyses 

with different validated cut-off levels of MR-proADM used in a recent validation study.(28)  

The different cut-off levels did not result in a stronger association (data not shown), thus the 

cut-off value of 0.87 nmol/l seems to be reasonable for morbidity as well. 

 



In our study, MR-proADM was not associated with CAP. In the general population MR-

proADM measured in patients with a CAP was an independent predictor for clinical outcome 

including mortality and it had additive prognostic value combined with the Pneumonia 

Severity Index and CURB-65.(22;29-31) There is a rationale that high-levels of stable state 

MR-proADM could predict CAP in patients with COPD. Indeed, there was a positive 

association about MR-proADM and outcome, albeit not stable after adjustment for age and 

FEV1. It cannot be excluded that the smaller sample size could be responsible for this 

finding, i.e. β-error.  

 

The patients in the PROMISE-COPD study had a slightly worse lung function, were more 

often current smokers and had more comorbidity than the patients in the COMIC study. 

Conversely, a higher proportion of the patients included in the COMIC study has been 

included at an acute exacerbation of COPD, a fact known to be an important predictor for a 

new exacerbation.(32) So, a limitation of the study is that the patients included may have a 

more severe COPD and are mainly controlled and treated in secondary care. Therefore the 

results of this study cannot automatically be extrapolated to patients with mild COPD 

controlled in primary care.  

 

There are different causes for exacerbations.(10) It is debatable if one biomarker could be 

capable to encompass the whole complexity of exacerbations. Different biomarkers are 

described being associated with exacerbations (with or without hospitalisation).(33) In a 

recent large scale biomarker panel study using two large and well characterized cohorts by 

Keene et al. however many of these biomarkers were no longer associated with or predictive 

for exacerbations and their additive value with known predictive clinical parameters were 



limited as well.(34) The role for these biomarkers to be used in COPD have therefore 

become uncertain. Stable state MR-proADM has never been evaluated with morbidity in 

COPD until now. The strength of this study include the large sample size of a well-

characterized multicentric cohort from several European countries. The various established 

and validly assessed covariates made it possible to determine the association of stable state 

MR-proADM with morbidity. This study design with the pooled analysis potentiates the 

generalizability of stable state MR-proADM being an important biomarker associated with 

severe AECOPD. Future studies should address the additive value of stable state MR-

proADM to known (clinical) predictors for severe AECOPD. 

 

In conclusion, plasma MR-proADM measured at stable state in patients with COPD is 

significantly associated with severe AECOPD but not CAP in a large, pooled European COPD 

cohort. MRproADM shall be evaluated in prospective, intervention studies as a marker to 

identify patients requiring intensified management aiming to prevent severe exacerbation.  

  



Table 1 Baseline characteristics of 1285 individuals with stable COPD included in this analysis 

 COMIC 

N= 671 

PROMISE-COPD 

N= 614 

p-value 

Mean age at enrolment in years (SD) 67.3 (9.5) 67.0 (9.5) 0.576 

Male (number (%)) 404 (60.2) 432 (70.4) <0.001 

Current smoker (number (%)) 170 (25.3) 204 (33.4) 0.002 

Mean Pack-years (SD)1 37.7 (22.9) 50.8 (29.8) <0.001 

Mean BMI at enrolment (SD)2 27.4 (5.4) 26.0 (5.5) <0.001 

Lung function3 

Mean FEV1 in litres (SD) 

Mean FEV1 % predicted (SD) 

 

1.5 (0.6) 

53.6 (19.1) 

 

1.3 (0.5) 

49.4 (16.7) 

 

0.001 

<0.001 

GOLD stage (number (%))4 

I 

II 

III 

IV 

 

63 (9.4) 

299 (44.6) 

252 (37.6) 

56 (8.4) 

 

16 (2.6) 

280 (45.8) 

214(35.0) 

101(16.5) 

<0.001 

Mean mMRC score (SD)5 1.8 (1.3) 1.7 (1.2) 0.776 

Mean BOD score (SD)6 2.4 (1.8) 2.6 (1.8) 0.163 

Mean ADO score (SD)7 4.1 (1.8) 4.1 (1.7) 0.769 

Mean updated ADO score (SD)7 7.6 (2.4) 7.8 (2.2) 0.154 



Comorbidities (number (%)) 

Congestive heart failure8 

Myocardial infarction9 

Diabetes mellitus10 

 

112 (16.7) 

27 (4.0) 

43 (6.4) 

 

93 (15.2)  

58 (9.5) 

74 (12.2) 

 

0.465 

<0.001 

<0.001 

Previous AECOPD (number (%))11 265 (39,5) 274 (44.6) 0.063 

1 Pack-years of resp. 626 and 593 patients in the COMIC and PROMISE-COPD study 

2 BMI of resp. 658 and 612 patients  

3 Lung function measures of resp. 670 and 564 patients  

4 GOLD stage of resp. 670 and 611 patients 

5 mMRC score of resp. 654 and 599 patients 

6 BOD score of resp. 642 and 552 patients 

7 ADO and updated ADO score of resp. 653 and 544 patients 

8 Diagnosis of congestive heart failure was recorded of 612 patients in the PROMISE-COPD study 

9 Diagnosis of myocardial infarction was recorded of 611 patients in the PROMISE-COPD study 

10 Diagnosis of diabetes mellitus was recorded of 608 patients in the PROMISE-COPD study 

11 Minimum of 2 AECOPD or 1 severe AECOPD in the year before inclusion 

 

Abbreviations; SD: Standard Deviation; BMI: Body Mass Index; FEV1: Forced Expiratory Volume in 1 second; 

GOLD: Global Initiative for Chronic Obstructive Lung disease; mMRC: modified Medical Research Council 

dyspnoea grade; BOD: Index that combines Body mass, airflow Obstruction (FEV1 % predicted), Dyspnoea 

(mMRC); ADO: Index that combines Age, Dyspnoea (mMRC) and airflow Obstruction (FEV1 % predicted). 



Table 2 Cumulative proportion of patients having at least one severe AECOPD at 1, 2 and 3 

years 

 

  

Follow-up High MR-proADM 

(Standard Error) 

N=321 

Low MR-proADM 

(Standard Error) 

N=964 

Total 

(Standard Error) 

N=1285 

1 year 0.20 (0.02) 0.13 (0.01) 0.15 (0.01) 

2 years 0.33 (0.03) 0.23 (0.01) 0.25 (0.01) 

3 years 0.44 (0.04) 0.31 (0.02) 0.34 (0.02) 



Table 3 Cumulative proportion of patients having at least one CAP at 1, 2 and 3 years 

 

 

 

 
  

Follow-up High MR-proADM 

(Standard Error) 

N=197 

Low MR-proADM 

(Standard Error) 

N=474 

Total 

(Standard Error) 

N=671 

1 year 0.08 (0.02) 0.04 (0.01) 0.05 (0.01) 

2 years 0.16 (0.03) 0.09 (0.01) 0.11 (0.01) 

3 years 0.24 (0.04) 0.13 (0.02) 0.16 (0.02) 



Figure legends 

 

 

 

Figure 1 Kaplan–Meier Survival Curve for association of stable state MR-proADM with time till first 

hospitalization for an AECOPD. 

 

 

log-rank: p<0.001 



 

 

Figure 2 Kaplan–Meier Survival Curve for association of stable state MR-proADM with time till first 

CAP. 

 

 

 

 

 

 

 

 

 

  

log-rank: p=0.003 



Acknowledgements 

Author contributions: EC had full access to all of the data in the study and takes 
responsibility for the integrity of the data and the accuracy of the data analysis. EC and MBK 
contributed substantially to the study design, data analysis and interpretation, and the 
writing of the manuscript. MZT, JP, PV and DS contributed substantially to the study design, 
data interpretation, and critical revision of the manuscript.  

Disclosures: All authors declare that they have no competing interests 

Funding: The COMIC study was supported by the department of Pulmonology, Medisch 
Spectrum Twente and by an unrestricted grant from GlaxoSmithKline. The PROMISE-COPD 
study was supported by the Pulmonary Medicine Clinic, University Hospital Basel and by the 
Swiss National Foundation (Grant PP00-P3_128412/1). Thermofisher provided the analytes 
for MR-proADM measurements. 

Role of sponsors: The sponsor had no role in the design of the study, the collection and analysis of 
the data, or the preparation of the manuscript. 

  



Reference List 

 

 (1)  Agusti A, Gea J, Faner R. Biomarkers, the control panel and personalized COPD medicine. 
Respirology. 2016 Jan;21(1):24-33. 

 (2)  Vestbo J, Agusti A, Wouters EF, Bakke P, Calverley PM, Celli B, et al. Should we view chronic 
obstructive pulmonary disease differently after ECLIPSE? A clinical perspective from the 
study team. Am J Respir Crit Care Med. 2014 May 1;189(9):1022-30. 

 (3)  Brusselle GG, Joos GF, Bracke KR. New insights into the immunology of chronic obstructive 
pulmonary disease. Lancet. 2011 Sep 10;378(9795):1015-26. 

 (4)  Hillas G, Perlikos F, Tsiligianni I, Tzanakis N. Managing comorbidities in COPD. Int J Chron 
Obstruct Pulmon Dis. 2015;10:95-109. 

 (5)  MacNee W. Systemic inflammatory biomarkers and co-morbidities of chronic obstructive 
pulmonary disease. Ann Med. 2013 May;45(3):291-300. 

 (6)  Vanfleteren LE, Spruit MA, Groenen M, Gaffron S, van E, V, Bruijnzeel PL, et al. Clusters of 
comorbidities based on validated objective measurements and systemic inflammation in 
patients with chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2013 Apr 
1;187(7):728-35. 

 (7)  Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and regional 
mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis 
for the Global Burden of Disease Study 2010. Lancet. 2012 Dec 15;380(9859):2095-128. 

 (8)  Anzueto A. Impact of exacerbations on COPD. Eur Respir Rev. 2010 Jun;19(116):113-8. 

 (9)  Decramer M, Janssens W, Miravitlles M. Chronic obstructive pulmonary disease. Lancet. 
2012 Apr 7;379(9823):1341-51. 

 (10)  Wedzicha JA, Singh R, Mackay AJ. Acute COPD exacerbations. Clin Chest Med. 2014 
Mar;35(1):157-63. 

 (11)  Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al. Global 
Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease 
2017 Report: GOLD Executive Summary. Eur Respir J. 2017 Jan 30. 

 (12)  Fragoso E, Andre S, Boleo-Tome JP, Areias V, Munha J, Cardoso J. Understanding COPD: A 
vision on phenotypes, comorbidities and treatment approach. Rev Port Pneumol (2006 ). 
2016 Mar;22(2):101-11. 

 (13)  Han MK, Agusti A, Calverley PM, Celli BR, Criner G, Curtis JL, et al. Chronic obstructive 
pulmonary disease phenotypes: the future of COPD. Am J Respir Crit Care Med. 2010 Sep 
1;182(5):598-604. 

 (14)  Celli BR, Cote CG, Marin JM, Casanova C, Montes de OM, Mendez RA, et al. The body-mass 
index, airflow obstruction, dyspnea, and exercise capacity index in chronic obstructive 
pulmonary disease. N Engl J Med. 2004 Mar 4;350(10):1005-12. 



 (15)  Puhan MA, Hansel NN, Sobradillo P, Enright P, Lange P, Hickson D, et al. Large-scale 
international validation of the ADO index in subjects with COPD: an individual subject data 
analysis of 10 cohorts. BMJ Open. 2012;2(6). 

 (16)  Schuetz P, Marlowe RJ, Mueller B. The prognostic blood biomarker proadrenomedullin for 
outcome prediction in patients with chronic obstructive pulmonary disease (COPD): a 
qualitative clinical review. Clin Chem Lab Med. 2015 Mar;53(4):521-39. 

 (17)  Stolz D, Christ-Crain M, Morgenthaler NG, Miedinger D, Leuppi J, Muller C, et al. Plasma pro-
adrenomedullin but not plasma pro-endothelin predicts survival in exacerbations of COPD 
1. Chest. 2008 Aug;134(2):263-72. 

 (18)  Zuur-Telgen MC, Brusse-Keizer MG, VanderValk PD, van der Palen J, Kerstjens HA, Hendrix 
MG. Stable state MR-proadrenomedullin level is a strong predictor for mortality in COPD 
patients. Chest. 2013 Sep 26. 

 (19)  Brusse-Keizer M, Zuur-Telgen M, van der Palen J, VanderValk P, Kerstjens H, Boersma W, et 
al. Adrenomedullin optimises mortality prediction in COPD patients 
1. Respir Med. 2015 Jun;109(6):734-42. 

 (20)  Celli BR, Barnes PJ. Exacerbations of chronic obstructive pulmonary disease. Eur Respir J. 
2007 Jun;29(6):1224-38. 

 (21)  Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N, Town GI, et al. Defining 
community acquired pneumonia severity on presentation to hospital: an international 
derivation and validation study. Thorax. 2003 May;58(5):377-82. 

 (22)  Bello S, Lasierra AB, Minchole E, Fandos S, Ruiz MA, Vera E, et al. Prognostic power of 
proadrenomedullin in community-acquired pneumonia is independent of aetiology. Eur 
Respir J. 2012 May;39(5):1144-55. 

 (23)  Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the 
diagnosis, management, and prevention 
of chronic obstructive pulmonary disease. http://goldcopd.org/gold-2017-global-strategy-
diagnosis-management-prevention-copd/.  2017.  

 (24)  Vestbo J, Lange P. Prevention of COPD exacerbations: medications and other controversies 
4. ERJ Open Res. 2015 May;1(1). 

 (25)  Stolz D, Boersma W, Blasi F, Louis R, Milenkovic B, Kostikas K, et al. Exertional hypoxemia in 
stable COPD is common and predicted by circulating proadrenomedullin 
1. Chest. 2014 Aug;146(2):328-38. 

 (26)  Grolimund E, Kutz A, Marlowe RJ, Vogeli A, Alan M, Christ-Crain M, et al. Long-term Prognosis 
in COPD Exacerbation: Role of Biomarkers, Clinical Variables and Exacerbation Type 
2. COPD. 2015 Jun;12(3):295-305. 

 (27)  Mannino DM, Tal-Singer R, Lomas DA, Vestbo J, Graham BR, Tetzlaff K, et al. Plasma 
Fibrinogen as a Biomarker for Mortality and Hospitalized Exacerbations in People with COPD 
2. Chronic Obstr Pulm Dis. 2015;2(1):23-34. 

http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/


 (28)  Zuur-Telgen M, VanderValk P, van der Palen J, Kerstjens HA, Brusse-Keizer M. Stable State 
Proadrenomedullin Level in COPD Patients: A Validation Study 
1. COPD. 2016 Nov 23;1-9. 

 (29)  Albrich WC, Ruegger K, Dusemund F, Schuetz P, Arici B, Litke A, et al. Biomarker-enhanced 
triage in respiratory infections: a proof-of-concept feasibility trial. Eur Respir J. 2013 
Oct;42(4):1064-75. 

 (30)  Gordo-Remartinez S, Calderon-Moreno M, Fernandez-Herranz J, Castuera-Gil A, Gallego-
Alonso-Colmenares M, Puertas-Lopez C, et al. Usefulness of midregional proadrenomedullin 
to predict poor outcome in patients with community acquired pneumonia. PLoS One. 
2015;10(6):e0125212. 

 (31)  Guertler C, Wirz B, Christ-Crain M, Zimmerli W, Mueller B, Schuetz P. Inflammatory responses 
predict long-term mortality risk in community-acquired pneumonia. Eur Respir J. 2011 
Jun;37(6):1439-46. 

 (32)  Hurst JR, Vestbo J, Anzueto A, Locantore N, Mullerova H, Tal-Singer R, et al. Susceptibility to 
exacerbation in chronic obstructive pulmonary disease. N Engl J Med. 2010 Sep 
16;363(12):1128-38. 

 (33)  Thomsen M, Ingebrigtsen TS, Marott JL, Dahl M, Lange P, Vestbo J, et al. Inflammatory 
biomarkers and exacerbations in chronic obstructive pulmonary disease. JAMA. 2013 Jun 
12;309(22):2353-61. 

 (34)  Keene JD, Jacobson S, Kechris K, Kinney GL, Foreman MG, Doerschuk CM, et al. Biomarkers 
Predictive of Exacerbations in the SPIROMICS and COPDGene Cohorts 
2. Am J Respir Crit Care Med. 2017 Feb 15;195(4):473-81. 

 
 


