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ABSTRACT
Background We tested the hypotheses that fibrinogen
and α1-antitrypsin are observationally and genetically
associated with exacerbations in COPD.
Methods We studied 13 591 individuals with COPD
from the Copenhagen General Population Study (2003–
2013), of whom 6857 were genotyped for FGB -455
(rs1800790, G>A) and FGB -448 (rs4220, G>A) and
had plasma fibrinogen measured. Furthermore, 13 405
individuals were genotyped for the SERPINA1 S-allele
(rs17580) and the Z-allele (rs28929474) and had
measurements of plasma α1-antitrypsin. Exacerbations
were defined as hospital admissions or treatments with
systemic corticosteroids. We studied observational
associations between plasma measurements and
exacerbations in Cox regression analyses, associations
between genotypes and exacerbations in logistic
regression analyses and associations between genetically
determined plasma levels and exacerbations in
instrumental variable analyses.
Results Elevated fibrinogen and α1-antitrypsin levels
were associated with increased risk of exacerbations in
COPD, HR=1.14 (1.07 to 1.22, p<0.001) and 1.18
(1.11 to 1.25, p<0.001), respectively, per SD increase.
Presence of the Z-allele was associated with increased
odds of exacerbations, OR=1.25 (1.05 to 1.48, p=0.01),
as was α1-antitrypsin level genetically lowered by the Z-
allele, OR=1.07 (1.02 to 1.13, p=0.004), per SD
decrease. Fibrinogen elevating genotypes, FGB -455
(AA) and FGB -448 (AA), were not associated with
exacerbations, OR=0.96 (0.73 to 1.25, p=0.77) and
OR=1.01 (0.75 to 1.33, p=0.90), respectively, and
neither was genetically elevated fibrinogen level,
OR=1.11 (0.76 to 1.63, p=0.58) per SD increase.
Conclusions Fibrinogen and α1-antitrypsin were
observationally associated with increased risk of
exacerbations. However, genetically, fibrinogen per se
was not associated with exacerbations, while lowered
α1-antitrypsin was associated with increased odds of
exacerbations.

INTRODUCTION
COPD, which is now the third leading cause of
death in the world,1 is characterised by airflow limi-
tation, breathlessness and exacerbations.1 2

Exacerbations are important events with a signifi-
cant influence on prognosis, and prevention of
exacerbations is a central element in the manage-
ment of COPD.3–6

Systemic inflammation and elevated inflamma-
tory biomarkers have been linked to increased risk
of exacerbations in COPD,4 and elevated plasma
fibrinogen is an example of a strong predictor of

increased risk of exacerbations.7 Therefore, plasma
fibrinogen is gaining increased interest and is cur-
rently considered for approval by the US Food and
Drug Administration (FDA) as a way to stratify
individuals with COPD in clinical trials,8 through
efforts by the COPD Biomarker Qualification
Consortium.9 However, it is not known whether
both observationally and genetically elevated
plasma fibrinogen are associated with exacerbations
of COPD. These possible differences can be
assessed using a Mendelian randomisation design
studying associations between genotypes, genetic-
ally elevated or lowered plasma measurements and
exacerbations. As an example of discrepancy
between observational and genetic associations,
previous studies have shown that observationally
elevated plasma C reactive protein (CRP) is a
strong predictor of increased risk of COPD,7 10

whereas genetically elevated levels of plasma CRP
are not associated with COPD.11 This suggests that
elevated plasma CRP per se is not causally asso-
ciated with COPD.
Plasma α1-antitrypsin is an acute phase protein,12

and elevated levels of this inflammatory biomarker

Key messages

What is the key question?
▸ Are elevated levels of plasma fibrinogen and

plasma α1-antitrypsin both observationally and
genetically associated with exacerbations of
COPD?

What is the bottom line?
▸ Plasma fibrinogen and plasma α1-antitrypsin

are positive acute phase proteins and,
observationally, elevated levels are likely
associated with an increased risk of
exacerbations in COPD.

Why read on?
▸ We confirmed that observationally elevated

levels of the acute phase proteins fibrinogen
and α1-antitrypsin are associated with an
increased risk of exacerbations in COPD, but in
contrast to observational findings we observed
that it was genetically lowered α1-antitrypsin
that was associated with an increased risk of
exacerbations, while genetically elevated
fibrinogen was not, indicating that fibrinogen
per se is not causally associated with
exacerbations while α1-antitrypsin is.
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will on a population level likely be associated with increased
risk of exacerbations in COPD. However, from previous studies
we know that it is the genetically lowered levels of plasma
α1-antitrypsin that are associated with increased risk of emphy-
sema.13 14 It is not known whether genetically lowered plasma
α1-antitrypsin levels are also associated with exacerbations in
COPD in the general population.

We tested the hypotheses that fibrinogen and α1-antitrypsin
are both observationally and genetically associated with exacer-
bations in COPD. For comparison we included plasma CRP as
an observational but not genetic predictor of exacerbations.

METHODS
Study population
The Copenhagen General Population Study is an ongoing
population-based study initiated in 2003 to study individuals
from the suburbs of Copenhagen.10 15 We used data on 96 603
individuals examined from 2003 to 2013 with pulmonary func-
tion tests and a blood sample drawn at the day of examination
(see e-figure 1). Of these, we identified 13 591 individuals with
COPD (airflow limitation defined by FEV1/FVC<0.7, no
asthma and age above 40 years). From 2003 to 2009, a total of
6857 individuals with COPD were genotyped for FGB -455 and
FGB -448 fibrinogen genotypes and had plasma fibrinogen mea-
sured. Furthermore, from 2003 to 2011 a total of 10 268 indi-
viduals with COPD had CRP genotype determined and plasma
CRP level measured. Finally, from 2003 to 2013 a total of
13 405 individuals with COPD had α1-antitrypsin genotypes
determined and plasma α1-antitrypsin measured. The different
numbers of consecutive individuals genotyped for the different
genetic variants only reflect that genotyping was conducted in
2009, 2011 and 2013, respectively, for the number of indivi-
duals recruited to the Copenhagen General Population Study at
that time.

Genotypes
We used single nucleotide polymorphisms (SNPs) in the
β-fibrinogen promoter FGB -455 (rs1800790, G>A) and exon
FGB -448 (rs4220, G>A).16 17

As mentioned, CRP was included as a control in our study.
The SNP in the CRP promoter (rs3091244, C>T and/or C>A)
was a priori expected to be strongly associated with elevated
plasma CRP levels, but not with exacerbations.11 18–20 Due to
the low number of individuals with the AA genotype (N=19),
we pooled the AA genotype with the AT genotype.

For α1-antitrypsin we studied the S-allele and Z-allele exon
SNPs in the SERPINA1 gene (rs17580 and rs28929474, M>S
and M>Z).21 Due to the low number of individuals with
COPD and the α1-antitrypsin genotypes SS (N=15), SZ
(N=15) and ZZ (N=17), we pooled genotypes, studying the
MM genotype as reference group versus having at least one
S-allele but no Z-allele (MS and SS) and those having at least
one Z allele (MZ, SZ and ZZ) together.

Genotypes are expected to be largely unconfounded,22 since
genotypes are randomised at conception. The α1-antitrypsin
Z genotype deviated from Hardy-Weinberg equilibrium
(p=0.005), but all other genotypes were in Hardy-Weinberg
equilibrium (p=0.35 for FGB-455, p=0.66 for FGB-448,
p=0.60 for rs3091244 and p=0.52 for the S-allele; χ2 tests).

Plasma markers
Plasma levels of fibrinogen (in μmol/L), high-sensitivity CRP (in
mg/L) and α1-antitrypsin (in μmol/L) were measured in blood
samples drawn at the examination date in the Copenhagen

General Population Study. Fibrinogen was measured in fresh
samples by a turbidimetric prothrombin time-derived method.16

High-sensitivity CRP was measured on fresh samples using tur-
bidimetry or nephelometry.23 α1-Antitrypsin was measured by
an immunoturbidimetric assay (Konelab, Helsinki, Finland).

Exacerbations
Exacerbations in COPD were defined by a composite of hospital
admissions with a discharge diagnosis of COPD in the national
Danish Patient Registry24 and/or dispensed treatments with sys-
temic corticosteroids alone or in combination with antibiotics in
the national Danish Medicinal Product Registry.5 25 Linkage
between the Copenhagen General Population Study and these
nationwide registers were done using the unique personal civil
registration system in Denmark.26 In the national Danish Patient
Registry we had access to data from the initiation of the registry
in 1977, and in the national Danish Medicinal Product Registry
we had access to data from the initiation in 1995. Since geno-
type exposure has been present in each individual since concep-
tion, we studied exacerbations during full follow-up until end of
data access in 2013 (end of follow-up) in our genetic analyses.
All individuals were followed up during the entire period, and
death (N=1189; 8.7%) or emigration (N=16; 0.1%) after the
examination date among individuals with COPD led to censor-
ing at the specific date.

STATISTICAL ANALYSES
Demographic analyses, linear regression analyses, logistic regres-
sion analyses and Cox regression analysis were used from the
statistical software package R (V.3.0.2).27 28 Instrumental vari-
able analyses were done using the ‘ivprobit’ function in the
statistical software package Stata (V.13).29

Figure 1 shows the study design.

Observed plasma levels and exacerbations
We studied observational associations between elevated plasma
fibrinogen and elevated plasma α1-antitrypsin and time to first
exacerbation during a maximum of 3 years from the baseline
examination using Cox regression analyses.30 We included age
at examination, sex, smoking (current/former/never), breathless-
ness (a score on the modified Medical Research Council scale,
mMCR≥2) and FEV1% of predicted as confounders.

Genotypes and plasma levels
To analyse the robustness of the associations between genotypes
and the levels of corresponding plasma markers we used uni-
variable linear regression analyses. Since plasma CRP levels are
highly skewed, we used log(CRP) as outcome in linear regres-
sion analyses. Therefore, we report results both as geometric
means and as the arithmetic mean of plasma levels of CRP. To
provide an easy visual interpretation of relative differences in
plasma levels caused by the different genotypes, we also calcu-
lated the effects of genotypes on differences in plasma levels
in SDs.

Genotypes and exacerbations
To analyse possible associations between genotypes and odds of
having at least one exacerbation during full follow-up we
applied logistic regression analyses.30

Genetically determined plasma levels and exacerbations
To estimate associations between genetically elevated plasma
fibrinogen and genetically lowered plasma α1-antitrypsin we
used a two-stage instrumental variable regression model. The
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basics of this Mendelian randomisation design are described in
figure 1.22 31–33 In these analyses, we used either fibrinogen gen-
otypes FGB-455 and FGB-448, or the Z-allele and the S-allele
as our genetic instruments and elevated fibrinogen or lowered
α1-antitrypsin levels, respectively, as our endogenous regressors.
We applied a two-stage probit model, using the ‘ivprobit’ func-
tion in the statistical software package Stata.29 34 To test for
endogeneity we used the Durbin–Wu–Hausman test for the
hypothesis that the two-stage probit model was necessary,35 and
to test for the strength of instruments we used the F-tests from
the first-stage regressions (see e-table 1 in the online supplemen-
tary data).36 37

Study approval
The study was approved by Herlev Hospital and a Danish
regional ethics committee (H-KF01-144/01) and was conducted
according to the Declaration of Helsinki. Written informed
consent was obtained from all individuals.

RESULTS
Demographics
Plasma fibrinogen levels in COPD were elevated compared with
plasma fibrinogen levels in individuals without COPD from the
Copenhagen General Population Study, 12.2 μmol/L (SD=3.1)
versus 11.3 μmol/L (SD=2.8), (p<0.001; one-way analysis of
variance (ANOVA)). Furthermore, plasma α1-antitrypsin levels
in COPD were also elevated compared with individuals without
COPD from the Copenhagen General Population Study,
24.2 μmol/L (SD=4.6) versus 23.3 (SD=4.5), (p<0.001),
reflecting the positive acute phase protein attribute.

Table 1 and e-tables 2–7 in the online supplementary data
show characteristics of the 13 591 individuals with COPD in
the Copenhagen General Population Study. Table 1 also shows
statistical associations with either genotypes or the observational
plasma marker tertiles, with details provided in e-tables 2–7 in
the online supplementary data. None of the variables were asso-
ciated with the fibrinogen genotypes FGB -455 (G>A) and FGB
-448 (G>A), whereas most variables were observationally
strongly associated with plasma fibrinogen tertiles. Likewise, in
our control analyses, CRP genotype was not associated with any
variables, but observationally the tertiles of plasma CRP showed
strong associations with most variables. For α1-antitrypsin

genotype we observed an expected strong association with FEV1

(p<0.001), but no confounding by other variables. In addition,
we found that all variables were strongly observationally asso-
ciated with plasma α1-antitrypsin tertiles, reflecting the positive
acute phase reactant attribute of α1-antitrypsin.

E-tables 8–14 in the online supplementary data show
characteristics for all variables among all 96 603 individuals in
the Copenhagen General Population Study cohort and, add-
itionally, all associations between variables, genotypes and obser-
vational plasma tertiles.

Observed plasma levels and exacerbations
Observational Cox regression analysis confirmed that elevated
plasma fibrinogen was associated with an increased risk of
exacerbations, HR=1.14 (95% CI 1.07 to 1.22, p<0.001), per
SD increase in plasma fibrinogen (upper part of figure 2).

As expected, observationally elevated CRP was also strongly
associated with increased risk of exacerbations (middle part of
figure 2).

Furthermore, analysing plasma α1-antitrypsin as a continuous
variable on a population level we observed that observationally
elevated plasma α1-antitrypsin was associated with an increased
risk of exacerbations in COPD, HR=1.18 (1.11 to 1.25,
p<0.001), per SD increase in plasma α1-antitrypsin (lower part
of figure 2).

Genotypes and plasma levels
In linear regression analyses among individuals with COPD,
FGB -455 (AA) and FGB -448 (AA) homozygosity was robustly
associated with increased levels of plasma fibrinogen,
+0.87 μmol/L (95% CI 0.50 to 1.23, p<0.001) and
+0.94 μmol/L (0.54 to 1.34, p<0.001), respectively, compared
with the GG genotype (upper part of figure 3).

As expected, the CRP genotype was robustly associated with
differences in plasma CRP levels, with the AT/AA genotype
most strongly associated with elevated plasma CRP, +1.31 mg/L
(1.18 to 1.45, p<0.001, geometric mean), compared with the
CC genotype (middle part of figure 3).

For α1-antitrypsin genotype, we observed that having a least
one Z-allele was robustly associated with lowered levels of
plasma α1-antitrypsin, −9.52 μmol/L (−9.22 to −9.82,
p<0.001) compared with the MM genotype. Furthermore,

Figure 1 Study design.
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Table 1 Characteristics of participants in the Copenhagen General Population Study (2003–2013) among a total of 13 591 individuals with COPD

Population

p Values for observational (‘Tertiles’) and genetic (‘Genotype’) associations with possible confounders

Fibrinogen CRP α1-Antitrypsin

Variables
COPD (2003–2013)
N=13 591

Observationally
Fibrinogen
Tertiles
(2003–2009)
N=6857

Genotype
Fibrinogen
FGB -455, G>A
(2003–2009)
N=6857

Genotype
Fibrinogen
FGB -448, G>A
(2003–2009)
N=6857

Observationally
CRP
Tertiles
(2003–2011)
N=10 268

Genotype
CRP
rs3091244, C>T and/or C>A
(2003–2011)
N=10 268

Observationally
α1-antitrypsin
Tertiles
(2003–2013)
N=13 405

Genotype
α1-antitrypsin
M>S and/or M>Z
(2003–2013)
N=13 405

FEV1—mean (SD) 84.2 (19.2) <0.001 0.14 0.09 <0.001 0.26 <0.001 0.001
Men—% (No.) 48.0 (6519) 0.14 0.60 0.23 0.03 0.38 <0.001 0.14
Age—mean (SD) 66.3 (11.3) <0.001 0.85 0.80 <0.001 0.40 <0.001 0.26
Breathlessness*—% (No.) 15.0 (2039) <0.001 0.50 0.83 <0.001 0.46 <0.001 0.24
High household income†—% (No.) 47.6 (6367) <0.001 0.79 0.83 <0.001 0.82 <0.001 0.30
Long education‡—% (No.) 37.5 (5073) <0.001 0.83 0.81 <0.001 0.86 <0.001 0.45
Current smoking—% (No.) 30.1 (3974) <0.001 0.71 0.89 <0.001 0.45 <0.001 0.63
Former smoking—% (No.) 46.2 (6107) 0.003 0.42 0.22 0.44 0.86 <0.001 0.86
Sedentary lifestyle§—% (No.) 7.8 (1043) <0.001 0.31 0.25 <0.001 0.76 <0.001 0.60

The table shows p values for associations with all variables across either genotypes (genetic associations) or tertiles of plasma markers (observational associations), for the fibrinogen genotypes FGB -455 (rs1800790, G>A), FGB -448 (rs4220, G>A), CRP
genotype (rs3091244, C>T and/or C>A) and the α1-antitrypsin genotypes (rs17580, M>S, and/or rs28929479, M>Z) and for fibrinogen, CRP and α1-antitrypsin plasma tertiles. See e-tables 2–7 in the online supplementary data for details of all
comparisons.
*A score on the modified Medical Research Council Scale, mMRC≥2.
†Defined by an income in Danish Kroner (DKK)≥400 000 before taxes (corresponding to approximately US$65 000).
‡Defined by at least 11 years of education.
§Almost no physical activity in leisure time or less than 2 h of light physical activity in leisure time per week.
CRP, C-reactive protein.
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having at least one S-allele but no Z-allele was also robustly
associated with lowered levels of plasma α1-antitrypsin,
−3.76 μmol/L (−3.46 to −4.06, p<0.001) compared with the
MM genotype (lower part of figure 3).

Genotypes and exacerbations
Homozygosity for the plasma fibrinogen elevating genotypes FGB
-455 (AA) and FGB -448 (AA) was not associated with exacerba-
tions in COPD in logistic regression analyses, OR=0.96 (0.73 to
1.25, p=0.77), and OR=1.01 (0.75 to 1.33, p=0.90), respect-
ively, compared with the GG genotype (upper part of figure 4).

As expected, the plasma CRP-elevating genotype was not asso-
ciated with exacerbations in COPD (middle part of figure 4).

In contrast, having at least one plasma α1-antitrypsin-lowering
Z-allele (MZ, SZ or ZZ) was associated with increased odds of
exacerbations in COPD, OR=1.25 (1.05 to 1.48, p=0.01)

compared with the MM genotype (lower part of figure 4).
However, presence of the α1-antitrypsin-lowering S-allele (MS
or SS) was not associated with exacerbations, OR=0.96 (0.80
to 1.14, p=0.64) compared with the MM genotype.
Adjustment for FEV1 only changed our estimates slightly,
OR=1.23 (1.03 to 1.47, p=0.02) and OR=0.98 (0.81 to 1.17,
p=0.81), for the Z-allele and the S-allele, respectively.

Genetically determined plasma levels and exacerbations
Instrumental variable analyses showed that genetically elevated
levels of plasma fibrinogen were not associated with exacerbations,
OR=1.11 (0.76 to 1.63, p=0.58) and OR=1.07 (0.72 to 1.61,
p=0.74) per SD increase in plasma fibrinogen using FGB-455 or
FGB-448, respectively, as instruments (upper part of figure 5).

As expected, genetically elevated CRP was not associated with
exacerbations (middle part of figure 5).

Figure 3 Genotypes and plasma levels in COPD. Robustness of associations from linear regression analyses between genotypes and plasma levels
in COPD. From left to right: genotypes (‘Genotype’), number of individuals in study (‘No. of Observations’), β-coefficients from linear regression
analyses with 95% CI (‘Beta 95% CI’), differences in plasma levels calculated in SDs (‘SD’), p values from test-for-trend (‘p<0.001’) and arithmetic
mean plasma levels (‘Plasma means’). Please note that the ‘Plasma means’ for C-reactive protein (CRP) in the figure are reported on the original
measurement scale as arithmetic means and not as geometric means from the regression analyses.

Figure 2 Observational plasma levels and exacerbations in COPD. Cox regression analyses showing associations between elevated plasma levels
and risk of exacerbations in COPD. From left to right: univariable or multivariable models for each inflammatory biomarker (‘OBSERVATIONAL
MODELS’), number of individuals in corresponding analyses (‘No. of Observations’), number of exacerbations during follow-up (‘No. of
Exacerbations’), hazards ratios with 95% CIs and p values (‘HR (95% CI, p value)’) and a corresponding forest plot (‘Forest plot’).
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In contrast, further instrumental variable analyses estimated
that plasma α1-antitrypsin genetically lowered by the Z-allele
was significantly associated with increased odds of exacerba-
tions, OR=1.07 (1.02 to 1.13, p=0.004) per SD decrease in
plasma α1-antitrypsin (lower part of figure 5). Adjustment for
FEV1 only changed this estimate slightly, OR=1.06 (1.01 to
1.12, p=0.02). Plasma α1-antitrypsin genetically lowered by the
S-allele was not associated with exacerbations, OR=0.97 (0.83
to 1.14, p=0.71) per SD decrease in plasma α1-antitrypsin
(lower part of figure 5).

A summary of all fibrinogen and α1-antitrypsin results are
shown in e-figures 2 and 3.

DISCUSSION
In this study of 13 591 individuals with COPD, we observed that
elevated plasma fibrinogen and elevated plasma α1-antitrypsin
were associated with increased risk of exacerbations, reflecting

their mutual positive acute phase protein attribute. In contrast,
genetically lowered plasma α1-antitrypsin was associated with
increased odds of exacerbations, while genetically elevated
plasma fibrinogen was not associated with exacerbations. These
findings are novel.

Numerous studies have shown that elevated plasma fibrinogen
is a strong predictor of exacerbations in COPD.10 In this study,
we confirmed these observations. However, we bring suggestive
evidence that elevated plasma fibrinogen per se is not causally
associated with exacerbations in COPD, since genetically ele-
vated plasma fibrinogen was not associated with exacerbations
at all. Although this finding is novel, it may not come as a sur-
prise, as previous studies have shown that this discrepancy
between observational and genetic analyses for elevated plasma
levels was also present for the inflammatory biomarker CRP.11

Nevertheless, since plasma fibrinogen is widely associated with
COPD-related outcomes,7 it has been speculated that it could be

Figure 5 Genetic plasma levels and exacerbations in COPD. Instrumental variable analyses showing associations between genetic differences in
plasma levels and odds of exacerbations in COPD. From left to right: Instrumental variable models for each genotype and corresponding
inflammatory plasma biomarker (‘GENETIC MODELS’), number of individuals in corresponding analyses (‘No. of Observations’), number with
exacerbations during full follow-up (‘No. with Exacerbations’), ORs with 95% CIs and p values (‘OR (95% CI, p value)’) and a corresponding forest
plot (‘Forest plot’).

Figure 4 Genotypes and odds of exacerbations in COPD. Associations from logistic regression analyses between genotypes and odds of
exacerbations in COPD. From left to right: genotypes (‘Genotype’), number of individuals in study (‘No. of Observations’), number of individuals with
exacerbations (‘No. of Exacerbations’), OR from logistic regression analyses with 95% CI and p value (‘OR (95% CI, p value)’) and a corresponding
Forest plot.
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more usable than CRP as a biomarker in COPD due to a lower
variability.38 Plasma fibrinogen has been suggested as a target
for intervention and is currently considered for stratification in
randomised controlled trials by the US FDA.8 9 39 The most reli-
able interpretations of genotype–disease associations are usually
found when the polymorphism appears to directly influence the
plasma levels such as for the β-fibrinogen genotype used in this
study.22 As the fibrinogen polymorphism FGB -455 is located in
the promoter region it affects plasma fibrinogen levels only
without affecting protein structure.22

Plasma α1-antitrypsin is a positive acute phase protein,12 and
several previous studies have corroborated that elevation of posi-
tive acute phase proteins is associated with increased risk of
exacerbations in COPD. However, previous studies have also
shown that plasma α1-antitrypsin lowered by the Z-allele is asso-
ciated with increased risk of emphysema and thus
COPD.14 40 41 Interestingly, we observed that elevation of the
positive acute phase protein α1-antitrypsin is strongly associated
with an increased risk of exacerbations in COPD. In contrast,
we provide suggestive evidence that plasma α1-antitrypsin genet-
ically lowered by the Z-allele is associated with an increased risk
of exacerbations in individuals with COPD from the general
population. It is important to note that Mendelian randomisa-
tion analyses are, indeed, based on strong assumptions, for
example, that every pathway from a genotype to exacerbations
pass through only one plasma marker.42 Further basic assump-
tions of Mendelian randomisation are that the genotype used as
instrument is robustly associated with plasma levels and that the
genotype is independent of possible confounding variables.37 As
mentioned, we observed an association between α1-antitrypsin
genotype and FEV1; however, adjusting our instrumental vari-
able analyses for FEV1 only altered our results slightly. In logis-
tic regression analyses the significant association between the
Z-allele and increased odds of exacerbations was corroborated,
and adjusting the logistic regression analysis for FEV1 did not
affect our estimates. Interestingly, in our study we also observed
that the plasma α1-antitrypsin-lowering S-allele was not asso-
ciated with exacerbations. A possible mechanistic explanation
could be that a Z-allele point mutation causes protein product
polymers that increase the influx of neutrophils into the lungs,
and this attribute of the Z-allele could increase the level of
inflammation compared with the S-allele and, thereby, the risk
of exacerbations.12 In support of this hypothesis, studies have
shown that aggregation of intracellular Z α1-antitrypsin can
cause a particularly severe cellular inflammatory phenotype in
COPD.43

Limitations of our study include possible pleiotropic effects of
the genotypes studied, implying that the genotypes have differ-
ent effects on multiple organ systems such as the Z-allele associ-
ating with both airflow limitation and liver disease.44 Studies
have shown that about one-third of individuals with the ZZ
genotype develop clinical liver injury, and although the clinical
presentation is variable,44 we cannot rule out that pleiotropic
effects of the Z-allele could affect our findings; however, this is
unlikely.

All individuals with the ZZ genotype were verified by control
genotyping, and the method was validated by control sequen-
cing. However, another possible limitation was that the
α1-antitrypsin Z genotype deviated from the Hardy-Weinberg
equilibrium. This reflects a lack of seven ZZ homozygotes in the
population of more than 95 000 individuals with data on
α1-antitrypsin genotype, possibly because they were too sick to
participate in our study. This lack of a few ZZ individuals,
though, would bias our estimates for the Z-carriers towards a

null association, and is therefore unlikely to affect our conclu-
sions. In addition, although we included extensive data on pos-
sible confounders, unmeasured confounding with common
causes on genotypes and exacerbations could still be important
in our study.42

Strengths of our study include the robust associations
between genotypes and levels of all included plasma markers.
We also believe that a strength of our study was the ability to
include a CRP genotype located in the CRP promoter region
combined with plasma CRP as a control in both observational
and genetic analyses. Furthermore, the large number of indivi-
duals with COPD examined with pulmonary function tests in
the Copenhagen General Population Study, with genotyping and
measurements of plasma marker levels at the examination, in
combination with assessment of exacerbations in all-inclusive
nationwide registers without losses to follow-up, significantly
increases the reliability of our results.

In conclusion, in this study we found that elevated plasma
fibrinogen and elevated plasma α1-antitrypsin were associated
with an increased risk of exacerbations in COPD. In contrast, it
was genetically lowered plasma α1-antitrypsin that was asso-
ciated with increased odds of exacerbations in COPD, while
genetically elevated plasma fibrinogen was not, indicating that
fibrinogen per se is not causally associated with exacerbations
while α1-antitrypsin is.

Author affiliations
1Department of Respiratory Medicine, Odense University Hospital and Institute of
Clinical Research, University of Southern Denmark, Odense, Denmark
2The Copenhagen General Population Study, Herlev and Gentofte Hospitals,
Copenhagen University Hospital, University of Copenhagen, Copenhagen, Denmark
3Respiratory Section, Hvidovre Hospital, Copenhagen University Hospital, University
of Copenhagen, Copenhagen, Denmark
4The Copenhagen City Heart Study, Frederiksberg Hospital, Copenhagen, Denmark
5Department of Clinical Biochemistry, Herlev and Gentofte Hospitals, Copenhagen
University Hospital, University of Copenhagen, Copenhagen, Denmark
6Centre for Respiratory Medicine and Allergy, Institute of Inflammation and Repair,
Manchester Academic Health Science Centre, The University of Manchester and
University Hospital of South Manchester NHS Foundation Trust, Manchester, UK
7Department of Social Medicine, Institute of Public Health, University of
Copenhagen, Copenhagen, Denmark

Contributors Study concept and design: TSI, LR, JV, BGN; acquisition of data: PL,
BGN; analysis and interpretation of data: TSI, LR, JLM, JV, BGN; first drafting of the
manuscript: TSI; critical revision of the manuscript for important intellectual content:
all authors; statistical analysis: TSI, LR, JLM; obtained funding: PL, JV, BGN;
administrative, technical and material support: BGN, PL; study supervision: LR, JV,
BGN; data access and responsibility: TSI had full access to all the data in the study
and takes responsibility for the integrity of the data and the accuracy of the data
analysis and for the submission.

Funding The Copenhagen General Population Study is supported by the Capital
Region of Copenhagen, the Danish Heart Foundation, the Danish Lung Foundation,
the Velux Foundation and Herlev Hospital.

Competing interests JV has received honoraria from GlaxoSmithKline, Almirall,
AstraZeneca, Boehringer-Ingelheim, Novartis and Takeda for consulting and for
presenting at meetings and symposia. PL has received honoraria from
GlaxoSmithKline and other pharmaceutical companies for consulting, teaching and
presenting at meetings and symposia.

Ethics approval The study was approved by Herlev Hospital and a Danish regional
ethics committee (H-KF01-144/01) and was conducted according to the Declaration
of Helsinki. Written informed consent was obtained from all individuals.

Provenance and peer review Not commissioned; internally peer reviewed.

REFERENCES
1 Lundbäck B, Bakke P, Ingebrigtsen TS, et al. Chronic obstructive pulmonary disease.

In: Annesi-Maesona I, Lundbäck B, Viegi G, eds. European Respiratory Monograph.
Respiratory Epidemiology: European Respiratory Society Publications, 2014:1–12.

2 Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary disease: GOLD executive summary.
Am J Respir Crit Care Med 2013;187:347–65.

1020 Ingebrigtsen TS, et al. Thorax 2015;70:1014–1021. doi:10.1136/thoraxjnl-2015-207561

Chronic obstructive pulmonary disease
 on A

pril 10, 2024 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207561 on 24 A
ugust 2015. D

ow
nloaded from

 

http://dx.doi.org/10.1164/rccm.201204-0596PP
http://thorax.bmj.com/


3 Hurst JR, Vestbo J, Anzueto A, et al. Susceptibility to exacerbation in chronic
obstructive pulmonary disease. N Engl J Med 2010;363:1128–38.

4 Ingebrigtsen TS, Marott JL, Nordestgaard BG, et al. Statin use and exacerbations in
individuals with chronic obstructive pulmonary disease. Thorax 2015;70:33–40.

5 Ingebrigtsen TS, Marott JL, Vestbo J, et al. Characteristics of undertreatment in
COPD in the general population. Chest 2013;144:1811–18.

6 Ingebrigtsen TS, Marott JL, Vestbo J, et al. Gastro-esophageal reflux disease and
exacerbations in chronic obstructive pulmonary disease. Respirology
2015;20:101–7.

7 Duvoix A, Dickens J, Haq I, et al. Blood fibrinogen as a biomarker of chronic
obstructive pulmonary disease. Thorax 2013;68:670–6.

8 US Department of Health and Human Services. U.S. Food and Drug Administration.
http://www.fda.gov (accessed 11 Jul 2015).

9 Casaburi R, Celli B, Crapo J, et al. The COPD Biomarker Qualification Consortium
(CBQC). COPD 2013;10:367–77.

10 Thomsen M, Ingebrigtsen TS, Marott JL, et al. Inflammatory biomarkers and
exacerbations in chronic obstructive pulmonary disease. JAMA 2013;309:2353–61.

11 Dahl M, Vestbo J, Zacho J, et al. C reactive protein and chronic obstructive pulmonary
disease: a Mendelian randomisation approach. Thorax 2011;66:197–204.

12 Fregonese L, Stolk J. Hereditary alpha-1-antitrypsin deficiency and its clinical
consequences. Orphanet J Rare Dis 2008;3:16.

13 DeMeo DL, Silverman EK. Alpha1-antitrypsin deficiency. 2: genetic aspects of alpha
(1)-antitrypsin deficiency: phenotypes and genetic modifiers of emphysema risk.
Thorax 2004;59:259–64.

14 Silverman EK, Sandhaus RA. Clinical practice. Alpha1-antitrypsin deficiency. N Engl J
Med 2009;360:2749–57.

15 The Copenhagen General Population Study. http://www.cgps.dk (accessed 15 Jul 2015).
16 Klovaite J, Nordestgaard BG, Tybjaerg-Hansen A, et al. Elevated fibrinogen levels

are associated with risk of pulmonary embolism, but not with deep venous
thrombosis. Am J Respir Crit Care Med 2013;187:286–93.

17 Theodoraki EV, Nikopensius T, Suhorutsenko J, et al. Fibrinogen beta variants confer
protection against coronary artery disease in a Greek case-control study. BMC Med
Genet 2010;11:28.

18 Zacho J, Tybjaerg-Hansen A, Jensen JS, et al. Genetically elevated C-reactive protein
and ischemic vascular disease. N Engl J Med 2008;359:1897–908.

19 Kathiresan S, Larson MG, Vasan RS, et al. Contribution of clinical correlates and
13 C-reactive protein gene polymorphisms to interindividual variability in serum
C-reactive protein level. Circulation 2006;113:1415–23.

20 Dahl M, Vestbo J, Lange P, et al. C-reactive protein as a predictor of prognosis in
chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2007;175:250–5.

21 Dahl M, Tybjaerg-Hansen A, Lange P, et al. Change in lung function and morbidity
from chronic obstructive pulmonary disease in alpha1-antitrypsin MZ heterozygotes:
A longitudinal study of the general population. Ann Intern Med 2002;136:270–9.

22 Smith GD, Ebrahim S. ‘Mendelian randomization’: can genetic epidemiology
contribute to understanding environmental determinants of disease? Int J Epidemiol
2003;32:1–22.

23 Allin KH, Bojesen SE, Nordestgaard BG. Baseline C-reactive protein is associated
with incident cancer and survival in patients with cancer. J Clin Oncol
2009;27:2217–24.

24 Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register. Scand J
Public Health 2011;39(7 Suppl):30–3.

25 Kildemoes HW, Sørensen HT, Hallas J. The Danish National Prescription Registry.
Scand J Public Health 2011;39:38–41.

26 Pedersen CB. The Danish Civil Registration System. Scand J Public Health
2011;39:22–5.

27 The Comprehensive R Archive Network (CRAN). http://cran.r-project.org/ (accessed
11 Jul 2015).

28 R Core Team. R: a language and environment for statistical computing. Vienna,
Austria, R Foundation for Statistical Computing, 2013. http://www.R-project.org
(accessed 11 Jul 2015).

29 StataCorp. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP.,
2013.

30 Crawley M. The R book. London, UK: John Wiley & Sons, Ltd., 2007.
31 Burgess S, Butterworth A, Malarstig A, et al. Use of Mendelian randomisation to

assess potential benefit of clinical intervention. BMJ 2012;345:e7325.
32 Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for causal

inference in epidemiological studies. Hum Mol Genet 2014;23:R89–98.
33 Palmer TM, Sterne JA, Harbord RM, et al. Instrumental variable estimation of causal

risk ratios and causal odds ratios in Mendelian randomization analyses. Am J
Epidemiol 2011;173:1392–403.

34 StataCorp. ivprobit—Probit model with continuous endogenous regressors. http://
www.stata.com/manuals13/rivprobit.pdf (accessed 11 Jul 2015).

35 Baum C, Schaffer M, Stillman S. The Stata Journal. Instrumental variables and
GMM: Estimation and testing. http://www.stata-journal.com (accessed 11 Jul 2015).

36 StataCorp. ivregress postestimation—Postestimation tools for ivregress. http://www.
stata-journal-com (accessed 11 Jul 2015).

37 Lawlor DA, Harbord RM, Sterne JA, et al. Mendelian randomization: using genes as
instruments for making causal inferences in epidemiology. Stat Med
2008;27:1133–63.

38 Dickens JA, Miller BE, Edwards LD, et al. COPD association and repeatability of
blood biomarkers in the ECLIPSE cohort. Respir Res 2011;12:146.

39 Valvi D, Mannino DM, Mullerova H, et al. Fibrinogen, chronic obstructive pulmonary
disease (COPD) and outcomes in two United States cohorts. Int J Chron Obstruct
Pulmon Dis 2012;7:173–82.

40 Turino GM, Barker AF, Brantly ML, et al. Clinical features of individuals with PI*SZ
phenotype of alpha 1-antitrypsin deficiency. alpha 1-Antitrypsin Deficiency Registry
Study Group. Am J Respir Crit Care Med 1996;154(6 Pt 1):1718–25.

41 Dahl M, Nordestgaard BG, Lange P, et al. Molecular diagnosis of intermediate and
severe alpha(1)-antitrypsin deficiency: MZ individuals with chronic obstructive
pulmonary disease may have lower lung function than MM individuals. Clin Chem
2001;47:56–62.

42 Glymour MM, Tchetgen EJ, Robins JM. Credible Mendelian randomization studies:
approaches for evaluating the instrumental variable assumptions. Am J Epidemiol
2012;175:332–9.

43 Alam S, Li Z, Atkinson C, et al. Z alpha1-antitrypsin confers a proinflammatory
phenotype that contributes to chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 2014;189:909–31.

44 Fairbanks KD, Tavill AS. Liver disease in alpha 1-antitrypsin deficiency: a review.
Am J Gastroenterol 2008;103:2136–41; quiz 42.

Ingebrigtsen TS, et al. Thorax 2015;70:1014–1021. doi:10.1136/thoraxjnl-2015-207561 1021

Chronic obstructive pulmonary disease
 on A

pril 10, 2024 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207561 on 24 A
ugust 2015. D

ow
nloaded from

 

http://dx.doi.org/10.1056/NEJMoa0909883
http://dx.doi.org/10.1136/thoraxjnl-2014-205795
http://dx.doi.org/10.1378/chest.13-0453
http://dx.doi.org/10.1111/resp.12420
http://dx.doi.org/10.1136/thoraxjnl-2012-201871
http://www.fda.gov
http://www.fda.gov
http://dx.doi.org/10.3109/15412555.2012.752807
http://dx.doi.org/10.1001/jama.2013.5732
http://dx.doi.org/10.1136/thx.2009.131193
http://dx.doi.org/10.1186/1750-1172-3-16
http://dx.doi.org/10.1136/thx.2003.006502
http://dx.doi.org/10.1056/NEJMcp0900449
http://dx.doi.org/10.1056/NEJMcp0900449
http://www.cgps.dk
http://www.cgps.dk
http://dx.doi.org/10.1164/rccm.201207-1232OC
http://dx.doi.org/10.1186/1471-2350-11-28
http://dx.doi.org/10.1186/1471-2350-11-28
http://dx.doi.org/10.1056/NEJMoa0707402
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.591271
http://dx.doi.org/10.1164/rccm.200605-713OC
http://dx.doi.org/10.7326/0003-4819-136-4-200202190-00006
http://dx.doi.org/10.1093/ije/dyg070
http://dx.doi.org/10.1200/JCO.2008.19.8440
http://dx.doi.org/10.1177/1403494811401482
http://dx.doi.org/10.1177/1403494811401482
http://dx.doi.org/10.1177/1403494810394717
http://dx.doi.org/10.1177/1403494810387965
http://cran.r-project.org/
http://cran.r-project.org/
http://cran.r-project.org/
http://www.R-project.org
http://www.R-project.org
http://www.R-project.org
http://dx.doi.org/10.1136/bmj.e7325
http://dx.doi.org/10.1093/hmg/ddu328
http://dx.doi.org/10.1093/aje/kwr026
http://dx.doi.org/10.1093/aje/kwr026
http://www.stata.com/manuals13/rivprobit.pdf
http://www.stata.com/manuals13/rivprobit.pdf
http://www.stata.com/manuals13/rivprobit.pdf
http://www.stata-journal.com
http://www.stata-journal.com
http://www.stata-journal.com
http://www.stata-journal-com
http://www.stata-journal-com
http://www.stata-journal-com
http://www.stata-journal-com
http://www.stata-journal-com
http://dx.doi.org/10.1002/sim.3034
http://dx.doi.org/10.1186/1465-9921-12-146
http://dx.doi.org/10.1164/ajrccm.154.6.8970361
http://dx.doi.org/10.1093/aje/kwr323
http://dx.doi.org/10.1164/rccm.201308-1458OC
http://dx.doi.org/10.1164/rccm.201308-1458OC
http://dx.doi.org/10.1111/j.1572-0241.2008.01955.x
http://thorax.bmj.com/

	Fibrinogen and α1-antitrypsin in COPD exacerbations
	Abstract
	Introduction
	Methods
	Study population
	Genotypes
	Plasma markers
	Exacerbations

	Statistical analyses
	Observed plasma levels and exacerbations
	Genotypes and plasma levels
	Genotypes and exacerbations
	Genetically determined plasma levels and exacerbations
	Study approval

	Results
	Demographics
	Observed plasma levels and exacerbations
	Genotypes and plasma levels
	Genotypes and exacerbations
	Genetically determined plasma levels and exacerbations

	Discussion
	References


