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ABSTRACT
Although fibrinogen is a FDA qualified prognostic biomarker in COPD, it still lacks sufficient 
resolution to be clinically useful. Next to replication of findings in different cohorts also the 
combination with other validated biomarkers should be investigated. Therefore, the aim of this 
study was to confirm in a large well-defined population of COPD patients whether fibrinogen can 
predict mortality and whether a combination with the biomarker MR-proADM can increase 
prognostic accuracy. From the COMIC cohort study we included COPD patients with a blood 
sample obtained in stable state (n = 640) and/or at hospitalization for an acute exacerbation of 
COPD (n = 262). Risk of death during 3 years of follow up for the separate and combined biomarker 
models was analyzed with Cox regression. Furthermore, logistic regression models for death after 
one year were constructed. When both fibrinogen and MR-proADM were included in the survival 
model, a doubling in fibrinogen and MR-proADM levels gave a 2.2 (95% CI 1.3–3.7) and 2.1 (95% 
CI 1.5–3.0) fold increased risk of dying, respectively. The prediction model for death after 1 year 
improved significantly when MR-proADM was added to the model with fibrinogen (AUC increased 
from 0.78 to 0.83; p = 0.02). However, the combined model was not significantly more adequate 
than the model with solely MR-proADM (AUC 0.83 vs 0.82; p = 0.34). The study suggests that 
MR-proADM is more promising than fibrinogen in prediciting mortality. Adding fibrinogen to a 
model containing MR-proADM does not significantly increase the predictive capacity of the model.

Introduction

COPD will be the third-leading cause for mortality world-
wide by 2020 [1]. Accurate prediction of mortality is import-
ant because it helps identify patients in whom the 
implementation of specific therapeutic measures can improve 
outcome [1]. Several attempts have been made to identify 
risk factors for mortality.

Existing models to predict mortality use multiple param-
eters including lung function, exercise tests, reported dys-
pnea or patient characteristics like body-mass-index [2] or 
age. Well known multidimensional tools are the BODE 
(Body-Mass Index, Obstruction, Dyspnea, Exercise) and 
ADO (Age, Dyspnea, Obstruction) index. These indices 
not only have limited predictive value, but may also be 
cumbersome to regularly determine in a clinical setting. 
Furthermore, while the models may incorporate parameters 
reflecting the disease state, none incorporates a direct 
reflection of the possible ongoing inflammatory process 
in COPD.

We, among others, have shown that the peptide mid-range 
proadrenomedullin (MR-proADM) is a valuable predictor 
for mortality in COPD [3–6]. Adrenomedullin (ADM) has 
a wide range of actions including immune-modulating, met-
abolic and vascular actions. It can behave both as a hormone 
and as a cytokine [7,8]. After an inflammatory stimulus 
there is also an increased expression of this molecule in the 
lungs [9]. Adding MR-proADM to various multidimensional 
indices such as the ADO and BODE improved their pre-
dictive power significantly and relevantly [3, 5, 10, 11].

Another well studied biomarker in COPD is fibrinogen. 
Fibrinogen is considered as a prognostic biomarker in COPD 
by the U.S. Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA) [12]. Besides a blood 
clothing factor, fibrinogen is also an acute phase reactant. 
While the liver is the primary source of plasma fibrinogen, 
it has been shown that lung epithelium may also produce 
fibrinogen in response to an inflammatory stimulus [13, 
14]. Normal fibrinogen levels in blood range between 1.5 
and 3.5 g/litre [15]. Higher fibrinogen levels in the stable 

© 2021 taylor & francis Group, llC

CONTACT marjolein brusse-Keizer  m.brusse-keizer@mst.nl  medisch spectrum twente, medical school twente, P.O box 50 000, enschede, 7500 Ka, the 
netherlands

https://doi.org/10.1080/15412555.2021.2009791

ARTICLE HISTORY
received 3 march 2021
accepted 22 October 2021

KEYWORDS
COPD;  
mortality prediction;  
biomarkers



2 M. C. ZUUR-TELGEN ET AL.

state have been shown to be related with an increased fre-
quency of exacerbations [16, 17] and increased mortality 
[18–21] in COPD, although there are conflicting results [22, 
23]. The study of Mannino et  al. that pooled 5 studies 
showed that increased fibrinogen is associated with increased 
risk of death [19].

Replication of data in different cohorts is imperative as 
underlined by a recent study of Keene [24]. In this study 
blood biomarkers were significantly associated with the 
occurrence of exacerbations but were not robust between 
the SPIROMICS and COPDGene cohort.

Combining two or more biomarkers for prediction of 
clinical outcome in COPD, including mortality, improved 
when two or more biomarkers were combined,  
but MR-proADM was never included [1, 21, 25, 26]. 
Therefore, we hypothesized that, in a large well-defined 
population of COPD patients, the unique combination 
of fibrinogen and MR-proADM could increase the prog-
nostic accuracy.

Materials and methods

Setting and study population

In this study we describe the results of a retrospective 
analysis of prospectively collected data from the COMIC 
study, a single center cohort study on the immune status 
of COPD patients as a determinant for survival. From 
December 2005 till April 2010, 795 patients were included 
with a follow-up period of three years. The COMIC study 
was approved by the medical ethical committee Twente, at 
Enschede (P05–49). All patients provided written informed 
consent. The COMIC study was initiated in a phase when 
registration was not necessary for non-interventional cohort 
studies.

Patients had to meet the following criteria; 1) a clinical 
diagnosis of COPD according to the GOLD recommenda-
tions [27]; 2) current or former smoker; 3) age ≥40 years; 
4) no medical condition compromising survival within the 
follow-up period, or serious psychiatric morbidity, 5) absence 
of any other active lung disease (e.g. sarcoïdosis), 6) no 
maintenance therapy with antibiotics, 7) ability to speak 
Dutch. Patients were enrolled when hospitalized for an acute 
exacerbation of COPD (AECOPD) or when visiting the 
outpatient clinic in stable state. To be included in the 
AECOPD group, patients had to be hospitalized for an 
AECOPD and be able to produce an adequate sputum sam-
ple at the day of hospitalization [28]. An AECOPD was 
defined as an acute negative change from the baseline, 
reported by the patient, in dyspnea and/or sputum volume 
and/or color of sputum (yellowish or greenish sputum) and/
or cough, which may warrant additional physician-initiated 
treatment of prednisolone with or without antibiotics. To 
be included in the stable state group patients had to meet 
the following criteria; no use of antibiotic and/or prednis-
olone 4 weeks prior to enrollment and no exacerbation less 
than 4 weeks before study entry. Also, data on common 
co-morbidities like hypertension; myocardial infarction and 

heart failure were obtained as they probably influence fibrin-
ogen and MR-proADM level. Patients were asked to com-
plete a questionnaire about their dyspnea in stable state 
(mMRC) [29]. All patients were treated according to the 
COPD GOLD standard. Approximately eighty percent of the 
patients used inhaled corticosteroids during follow-up [30]. 
The study was initiated to investigate the relationship 
between the immune response after influenza vaccination 
in COPD patients and mortality.

The study design is depicted in Figure 1. Six hundred 
sixty-three of the 795 patients included in the COMIC study 
had a blood sample in stable state in which fibrinogen was 
measured. In 640 of these 663 patients, stable state 
MR-proADM was also measured. From 262 out of 640 
patients we also obtained a blood sample at hospitalization 
for AECOPD in which fibrinogen was determined.

Outcomes

The primary outcome parameter was survival, based on 
all-cause mortality. Date of death was verified from the 
municipal administration.

Measurements of fibrinogen

Fibrinogen levels were measured on the STA-R (Stago) by 
the Clauss fibrinogen assay. This test method involves mea-
suring the rate of fibrinogen to fibrin conversion in diluted 
sample under the influence of excess thrombin. Since under 
these conditions the fibrinogen content is rate limiting, the 
clotting time can be used as a measure of the concentration 
of the fibrinogen and in fact the clotting time is inversely 
proportional to the level of fibrinogen in the plasma. The 
reference value of fibrinogen is 2.0 − 4.0 g/l.

Measurements of MR-proADM

MR-proADM levels were measured in EDTA-plasma (eth-
ylene diamine tetraacetic acid anticoagulant) with an auto-
mated sandwich immunoassay using a time-resolved 
amplified cryptate emission technology [31] (KRYPTOR®; 
Thermo Scientific Biomarkers, [formerly B.R.A.H.M.S. AG] 

Figure 1. study design of the COmiC study.
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Hennigsdorf, Germany). The KRYPTOR MR-proADM assay 
has a measuring range of 0.05–100 nmol/l and a functional 
sensitivity of 0.25 nmol/l. The reference interval of 
MR-proADM in a healthy subset is 0.23 − 0.64 nmol/l 
(median 0.41 nmol/l) [19, 32].

Statistical analysis

Continuous variables are expressed as mean (± standard 
deviation (SD)) in case of parametric data and as median 
(Interquartile range (IQR)) for non-parametric data. 
Categorical variables are expressed as counts with percent-
ages. Differences in fibrinogen levels between survivors and 
non-survivors and between stable state and hospitalization 
for an AECOPD, were analyzed by Mann-Whitney U test. 
Since the levels of the biomarkers MR-pro-ADM and fibrin-
ogen have a skewed distribution this data was transformed 
using a logarithm with base two for the other analyses. A 
Pearson correlation was used to determine the correlation 
between the transformed fibrinogen and MR-proADM levels. 
Time from stable state to death, was analyzed by 
Kaplan-Meier survival curves with log rank tests. Hazard 
ratio’s (HR) were determined by Cox regression analysis. 
All analyses were corrected for age, sex, BMI, and GOLD 
stage in a multivariate Cox regression analysis (the only 
confounders from the parameters named in Table 1) and 
the C statistic was calculated [33]. One-year survival after 
stable state was analyzed by logistic regression analyses and 
corrected for the same confounders. Furthermore, we used 
the biomarkers fibrinogen and proADM in constructing the 
prediction models. To test for differences between the AUC 
we calculated the standard error using a non-parametric 
test as described by Delong et  al. [34]. The confidence 
intervals of the AUC were calculated as exact binomial 
confidence intervals.

All tests were two-sided and a p-value of 0.05 was con-
sidered statistically significant. The data were analyzed using 
SPSS, version 22 (SPSS Inc. Chicago IL). The standard error 
of the area under the curve and differences between the 
curves were analyzed using MedCalc 17.2 (Medcalc software, 
Ostend, Belgium).

Results

Baseline characteristics

The baseline characteristics of the patients in stable state 
(640) and in a subpopulation during an AECOPD (262) are 
presented in Table 1. The median follow-up after inclusion 
at stable state was 34 (IQR 27–35) months. Mortality was 
21% during this period.

Fibrinogen levels in survivors and non-survivors

Fibrinogen levels were significantly higher in non-survivors 
(4.6 ± 3.9–5.4 g/L (median ± IQR)) compared to survivors 
(4.1 ± 3.6–4.7 g/L) when measured in stable state (p < 0.001). 
There was no significant difference in fibrinogen levels 
between survivors and non-survivors at hospitalization for 
AECOPD (p = 0.606) (Table 2). Since this significance in 
it was lacking, we chose not to further investigate the 
relation between fibrinogen and mortality in EACOPD. 
Subsequent analysis are on the biomarkers as measured in 
stable state.

Regression analysis

There was a very weak correlation of 0.2 between fibrin-
ogen and MR-proADM (p < 0.001; r2=0.04) (see also 
Figure 2).

Table 1. baseline characteristics.

stable state N = 640 aeCOPD N = 262

mean age at enrollment in years (sD) 67 (9) 71 (9.6)
male, n (%) 384 (60) 156 (60)
smoking status, n (%)
 Current smokers 166 (26) 78 (30)
lung function (post-bronchodilator)
 mean fev1 in liters (sD) 1.46 (0.61) 1.30 (0.54)
 mean fev1 as % of predicted (sD) 54 (19) 49 (18)
 mean fev1/vC in % of predicted (sD) 45 (14) 43 (14)
GOlD classification 2005, n (%)
  i 59 (9) 17 (6)
  ii 288 (45) 94 (36)
  iii 240 (38) 122 (47)
  iv 53 (8) 29 (11)
mean bmi at enrollment (sD)a 27 (5.0) 27 (5.7)
mean mmrC (0-4) (sD)b 1.7 (1.2) 2.1 (1.3)
mean aDO-score (sD)c 4.0 (1.8) 4.9 (1.8)
Comorbidity, n (%)
  heart failure 109 (17) 49 (19)
  myocardial infarction 26 (4) 17 (7)
abmi is missing of respectively 12 and 0 patients at stable state and at aeCOPD.
bmmrC-score is missing of respectively 17 and 10 patients at stable state and at aeCOPD.
caDO-score is missing of respectively 17 and 10 patients at stable state and at aeCOPD.
abbreviations; aeCOPD: acute exacerbation of COPD; n: number; sD: standard Deviation; bmi: body mass index; fev1: 

forced expiratory volume in 1 s; GOlD: Global initiative for Chronic Obstructive lung disease; mmrC: modified medical 
research Council dyspnea grade; aDO: index that combines age, Dyspnea (mmrC) and airflow Obstruction (fev1% 
predicted).
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Prediction of mortality with fibrinogen and 
MR-proADM in stable state

Table 3 shows univariate (data in table) and multivariate 
Cox regression. In the multivariate Cox regression with 
fibrinogen (as a continuous variable) a doubling of fibrin-
ogen levels shows a 2.39 (95% CI 1.41–4.05) fold increased 
risk of dying, with a C-statistic of 0.73.

Multivariate Cox regression with MR-proADM (as a con-
tinuous variable) shows a 2.22 (95% CI 1.59–3.10) fold 
increased risk of dying with a doubling of MR-proADM, 
with a C-statistic of 0.75.

When both fibrinogen and MR-proADM are included in 
the fully adjusted Cox regression model, a doubling in abso-
lute fibrinogen levels is associated with a 2.17 (95% CI 
1.27–3,7) fold increased risk of dying and a doubling of 
absolute MR-proADM levels with a 2.12 (95% CI 1.51–2.96) 
fold increased risk. The C-statistic of the combined model 
is 0.76 (Table 3).

After one year of follow-up, 46 of 640 patients (7.2%) 
died. When corrected for age, sex, BMI and GOLD, a dou-
bling in absolute fibrinogen levels is associated with a 4.80 

(95% CI 1.80–12.81) fold increased risk of dying within the 
first year of follow-up.

When fibrinogen is combined with MR-proADM, a dou-
bling of fibrinogen shows a significant 4.39 (95% CI 1.60–
12.05) fold increased chance of dying within one year, while 
doubling of MR-proADM shows a significant 3.59 (95%CI 
1.90–6.78) fold increased risk of dying within one year 
(Table 4). Figure 3 presents the ROC curves of the models 
as shown in Table 4. When MR-proADM is added to the 
model with fibrinogen, the AUC increased significantly 
from 0.78 to 0.83 (p = 0.02). However, the combined model 
containing fibrinogen and MR-proADM is not significantly 
better than the model with solely MR-proADM (AUC 0.83 
vs 0.82; p = 0.34).

Discussion

This study shows that fibrinogen and MR-proADM, mea-
sured in a well-characterised population in stable state, are 
predictors for mortality in COPD. The study suggests that 
MR-proADM is more promising than fibrinogen in predict-
ing mortality. Adding fibrinogen, another well-known bio-
marker, to a model containing MR-proADM does not 
significantly increase the predictive capacity of the model. 
On the the contrary, adding MR-proADM to fibrinogen 
increases the accuracy of the short term mortality prediction 
model (one year follow-up) both relevantly and 
significantly.

The finding that fibrinogen is a predictor for mortality 
in stable state is in line with previous studies [18–21]. E.g. 
a large meta-analysis [18] focused on coronary heart disease 
and stroke showed people with high levels of fibrinogen 
had higher risks of dying from COPD. Mannino et  al. [19] 
combined 5 studies containing a total of 6376 individuals 
with COPD and reports significantly increased mortality 
(HR 1.94 (95%CI 1.62–2.31)) in individuals with fibrinogen 
above a level of 3–5 g/L.

Figure 2. scatterplot of fibrinogen versus mr-proaDm levels in stable state.

Table 2. fibrinogen.

fibrinogen g/l (median [iQr])

Stable state
  non-survivors* (N = 134) 4.6 [3.9–5.4]
  survivors (N = 506) 4.1 [3.6–4.7]
  Difference between groups p < 0.001
AECOPD
  non-survivors* (N = 80) 5.4 [4.3–6.4]
  survivors (N = 182) 5.2 [4.3–6.4]
  Difference between groups p = 0.606
*Died within follow-up period of three years.
abbreviations; aeCOPD: acute exacerbation of COPD; n: number; iQr: inter quartile range.

Table 3. survival analysis.

hr 95% Ci p-value chr* 95% Ci p-value C-statistic

fibrinogen * 4.03 2.40-6.76 p < 0.001 2.39 1.41–4.05 p < 0.001 0.73
mr-proaDm * 2.76 2.06-3.69 p < 0.001 2.22 1.59–3.10 p < 0.001 0.75
fibrinogen and 

mr-proaDm *
 fibrinogen * 3.18 1.85-5.45 p < 0.001 2.17 1.27–3.70 p < 0.01 0.76
 mr-proaDm * 2.46 1.83-3.32 p < 0.001 2.12 1.51–2.96 p < 0.001
*measured in stable state and corrected for age, sex, GOlD status and bmi (12 missing bmi, total number of patients 628).
abbreviations; hr: hazard ratio; Ci: Confidence interval; chr: Corrected hazard ratio.
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Other studies used other cut off values, for example the 
reference value used by the FDA. In our study fibrinogen 
showed better results when used as a continuous variable 
(data not shown).

In the current cohort the median fibrinogen level is 
well over the upper limit of the normal reference values. 
This is in accordance with many cross-sectional studies in 
which blood fibrinogen in patients with COPD are higher 
than in healthy controls [21, 35–37]. We also confirmed 
high levels of fibrinogen during exacerbations of COPD 
[35, 38–40].

In a previous study we showed that MR-proADM is an 
accurate predictor for mortality and we validated this in a 
different population [3, 32]. In the current study this pre-
dictive capability is reflected in a high C-statistic and AUC. 
Zeman et  al. showed that combining several biomarkers 
may increase the predictive capability further [25]. And 
although the model for one-year mortality risk with solely 
fibrinogen improved when MR-proADM was added, adding 
fibrinogen to a model already containing MR-proADM did 
not significantly improve the predictive power.

For mortality prediction in a clinical setting it seems 
therefore most promising to focus on MR-proADM in 
combination with other scores (ADO, BODE), by which 
the predictive power can be significantly and relevantly 
increased [10,11]. Furthermore, the combination of 

MR-proADM with other biomarkers for example S-RAGE 
[41] could be investigated. This could increase the pre-
dictive power especially when measured longitudinal and 
in relation to clinical condition. However, fibrinogen may 
still have a role in prediction in COPD because it has 
been shown to be a relevant biomarker in many aspect of 
the disease for example exacerbations [15], but also because 
this biomarker is already available for use in regular clin-
ical setting. The COPD Foundation Biomarker Qualification 
Consortium (CBQC) proposes fibrinogen for drug devel-
opment [12].

Interestingly, the correlation between MR-proADM and 
fibrinogen was strikingly low (r = 0.2). From the lack of 
correlation, it may be hypothesized that both biomarkers 
reflect different biological processes. As suggested in the 
introduction it may be that such processes are directly 
related to pulmonary condition, but it may also reflect 
COPD as a systemic disease [42, 43].

While fibrinogen and MR-proADM are hardly correlated, 
there was little benefit when the combined predictive capac-
ity is expressed as AUC or c-statistic. This is explained by 
the fact that both the AUC and c-statistic are non-linear 
quantities. Apparently, the prediction-model containing 
MR-proADM is so superior that adding fibrinogen to the 
model does not lead to a significant increase in AUC.

The strength of the current study is that the results are 
based on data obtained from a large cohort study with a 
well-defined population of COPD patients from a general 
hospital with three years of follow-up. We recognize that 
in the current study only two biomarkers are studied. A 
direct comparison with other biomarkers for mortality pre-
diction in COPD, is lacking. MR-proADM was only mea-
sured once in stable state. The next step would be to do 
longitudinal measurement to study MR-proADM over time, 
to detect whether changes in MR-proADM are also asso-
ciated with changes in disease severity, health status and 
prognosis.

Increased fibrinogen is associated with increased mortal-
ity. Adding MR-proADM to fibrinogen increased the prog-
nostic accuracy of the model for short term mortality 
prediction both relevantly and significantly. But the combi-
nation was not superior in predicting short term mortality 
compared to the model with solely MR-proADM.

We consider MR-proADM superior in predicting mor-
tality in COPD compared to the FDA-approved biomarker 
fibrinogen. Not only is MR-proADM a strong predictor; it 
also has been well validated. We therefore advocate that 
MR-proADM should be included in future biomarker studies 
in COPD.

Figure 3. rOC curves for prediction of death after 1 year. abbreviations; rOC: 
receiver Operating Characteristic

Table 4. logistic regression analysis for death after one year.

variable cOr* cOr 95%  Ci auC auC 95%  Ci

fibrinogen* 4.80 1.80–12.81 0.78 0.74–0.81
mr-proaDm* 3.84 2.03–7.27 0.82 0.78–0.86
fibrinogen &  

mr-proaDm*
4.39 1.60–12.05 0.83 0.80–0.86
3.59 1.90–6.78

*measured in stable state and corrected for age, sex, GOlD status and bmi (12 missing bmi, total number of patients 
628).

abbreviations; cOr: Corrected Odds ratio; Ci: Confidence interval; auC: area under the Curve.

]- p = 0.18

]- p = 0.34
]- p = 0.02
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