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Abstract
Elevated D-dimer is a reliable prognostic marker for both short-term and long-term survival in patients
admitted for acute exacerbation of chronic obstructive pulmonary disease (AECOPD). We retrospectively
reviewed the data of consecutive patients aged 80 years and older with a primary admission diagnosis of
AECOPD between December 2008 and December 2014. A total of 2206 patients were included. The
patients were followed up for 30 days. D-dimer levels were higher in non-survivors than in survivors (p <
0.001). Patients with need for MV had higher D-dimer levels than patients without need for MV (p <
0.001). Moreover, a signi�cant correlation between D-dimer level and C-reaction protein (CRP) was found
(r = 0.2271, p < 0.001). D-dimer level above 1.66 mg/L as the optimal cutoff level predicted 30-day all-
cause mortality with a sensitivity and speci�city of 87.6% and 89.1%, respectively. Similarly, D-dimer
above 1.33 mg/L predicted 30-day need for MV with a sensitivity and speci�city of 89.4% and 82.9%,
respectively. Furthermore, Kaplan–Meier event-free survival curves demonstrated that higher D-dimer
levels had worse event-free survival. D-dimer could be used as a valuable biomarker to predict both 30-
day all-cause mortality and the need for MV in elderly patients admitted for AECOPD.

Introduction
Chronic obstructive pulmonary disease (COPD), especially acute exacerbation of COPD (AECOPD), is
commonly associated with systemic in�ammation [1]. AECOPD is associated with substantial in-hospital
mortality and may impact long-term prognosis [2]. The frequency and severity of exacerbation are the
most important factors that determine the overall prognosis of COPD [3]. Heart failure and COPD coincide
in a signi�cant number of patients [4]. Especially, in the elderly with AECOPD, the classic clinical signs
may be delayed, because of advanced age and comorbidity, and the mortality is increased. Early and
precise individual risk assessment is crucial to estimate disease severity, clinical management and guide
therapeutic options. Early identi�cation of patients with poor clinical outcome or at risk for treatment
failure may be helpful in increasing the overall cure rate, and is very important in reducing mortality
through readily available laboratory tests. D-dimer is a biomarker of �brin formation and degradation. An
elevated D-dimer is independently associated with an increased risk for incident venous
thromboembolism(VTE), recurrent VTE, and increased mortality [5, 6]. High levels of D-dimer are
associated with 28-day mortality in patients with infection or sepsis [7]. D-dimer greater than 1 µg/mL is
associated with fatal outcome of coronavirus disease 2019 [8]. At the late stages of novel coronavirus
pneumonia, levels of D-dimer moderately or markedly elevated in all deaths, which suggested a common
coagulation activation and secondary hyper�brinolysis condition in these patients [9]. D-dimer and C-
reactive protein (CRP) at admission appear to be useful biomarkers for assessing the severity of
community-acquired pneumonia (CAP) [10]. CRP and D-dimer levels were related to severe 2019 novel
coronavirus pneumonia and composite endpoint [11]. Elevated D-dimer is a reliable prognostic marker for
both short-term and long-term survival in patients admitted for AECOPD[2]. D-dimer >2.0 µg/mL were
associated with in-hospital mortality in COPD-CAP patients [12]. Additionally, the frequency of abnormally
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elevated D-dimer levels is higher in older individuals even in the absence of detectable thrombosis [13,
14].

Limited data are available on the relationship between D-dimer levels and AECOPD in patients aged 80
years and older. In the present study, we aimed to evaluate the association between D-dimer levels and
markers of in�ammation (CRP) obtained upon admission in patients with AECOPD. We also determined
whether D-dimer levels correlate with both 30-day all-cause mortality and the need for mechanical
ventilation (MV), and ultimately to evaluate its ability to stratify AECOPD patients into different
management groups.

Methods
Study population

We retrospectively reviewed the data of consecutive patients aged 80 years and older with a primary
admission diagnosis of AECOPD who were admitted to the Chinese PLA General Hospital, Zhaoyuan
People's Hospital, Dancheng People's Hospital, and Chinese PLA 15 Hospital between December 2008
and December 2014. The medical histories, demographic characteristics, and laboratory �ndings
performed on admission, were obtained from the hospitals’ database.

The patients were included if the following criteria were met: diagnosis of AECOPD according to the
criteria set by the Global Initiative for Chronic Obstructive Lung Disease [15]. In addition, patients whose
D-dimer and CRP levels were obtained at the time of admission to the hospital and prior to the
commencement of antibiotic therapy were included in the study. Increase of D-dimer has been
demonstrated in various clinical conditions, including trauma, malignancy, sepsis, disseminated
intravascular coagulation, and acute coronary syndromes [16]. Patients with recent surgery (within the
last month of index admission), recent trauma (within the last month), active cancer, previous diagnosis
of con�rmed pulmonary embolism (PE) and/or deep vein thrombosis (DVT), or a recent history of
myocardial infarction or cerebral infarction were not included in the study. Moreover, patients who
received any kind of anticoagulation within the last 3 months were excluded from the study. The study
was approved by the Ethics Committees of the four hospitals.

D-dimer Testing

D-dimer was measured by a turbidimetric immunoassay using a D-DI kit (STA-Liatest). The normal values
were considered below the cutoff level of 0.5 mg/L. CRP was measured by an immunoturbidimetric
assay. An increased level of CRP was de�ned as > 0.8 mg/dL.

Follow-up

After admission, the patients were followed up for 30 days by review of the clinical data or a research
assistant. No patients were lost during the follow-up period. The primary end point was the need for MV,
and the secondary outcome was 30-day all-cause mortality.
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Statistical analysis

The categorical variables were presented as proportions (percentages). Normally distributed continuous
data were expressed as mean ± SD. Categorical variables were compared using χ2 tests. Logistic
regression analysis was used to predict the prevalence of 30-day all-cause mortality and need for MV,
with adjustments for age, sex, and co-morbidities. The results were presented as adjusted odds ratios
(OR) and their 95% con�dence interval (CI). The Spearman rank correlation test was used for analysis of
the linear relationship between D-dimer levels and CRP. Receiver operating characteristic (ROC) analysis
was used to determine the optimal cutoff level for D-dimer that predict 30-day all-cause mortality and
need for MV. An optimal cutoff was obtained considering the combination of highest sensitivity and
speci�city. Survival curves were estimated by the Kaplan-Meier analysis and compared using the logrank
test. All data were processed using the PASW (version 18.0; SPSS, Chicago, IL, USA). A p value < 0.05 was
considered statistically signi�cant.

Results
A total of 2206 consecutive patients aged 80 years and over were included. During the 30-day follow-up
period after admission, the overall all-cause mortality was 6.2% (137 of 2206 patients). 179 patients
needed MV. Table 1 presents an overview of the clinical characteristics according to the occurrence of 30-
day survival and the need for MV. The D-dimer levels on admission were higher in non-survivors than in
survivors (p < 0.001, Table 1, Figure 1). The patients with need for MV had higher D-dimer levels than
patients without need for MV (p < 0.001, Table 1). D-dimer levels were signi�cantly different among the
two groups (Figure 1). Moreover, age, CRP, and chronic renal insu�ciency were signi�cantly associated
with worse 30-day survival and the need for MV. We also found a signi�cant correlation between D-dimer
level and CRP (r = 0.2271, p < 0.001).
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Table 1
Clinical characteristics according to the occurrence of 30-day survival and need for MV

  Survivors Nonsurvivors p
value

Need for
MV

Without
need

for MV

p
value

  n=2069 n=137   n=179 n=2027  

Age(year) 89.2±4.0 90.4±3.9 0.001 90.3±4.0 89.2±4.0 <0.001

Male,n 1594 99 0.199 130 1563 0.174

Co-morbidities, n            

Hypertension 1346 91 0.745 124 1313 0.226

Atrial �brillation 347 27 0.375 35 339 0.334

Coronary heart disease 1669 108 0.599 148 1629 0.453

Chronic renal
insu�ciency

546 53 0.002 64 535 0.007

Diabetes mellitus 820 57 0.648 80 797 0.159

CRP(mg/dL) 1.69±3.77 4.93±5.35 <0.001 4.92±5.16 1.62±3.72 <0.001

D-dimer level(mg/L) 0.88±0.69 2.86±1.51 <0.001 2.67±1.43 0.85±0.66 <0.001

ROC analysis (Figure 2) identi�ed D-dimer 1.66 mg/L on admission as the optimal cutoff level to
discriminate survivors (area under the ROC = 0.9347, standard error = 0.0107; 95% CI = 0.9136–0.9559, p
< 0.001). D-dimer level above 1.66 mg/L had a sensitivity and speci�city of 87.6% and 89.1%,
respectively, for predicting 30-day mortality. In addition, ROC analysis (Figure 2) identi�ed D-dimer >
1.33mg/L as the optimal cutoff level to predict 30-day need for MV with a sensitivity and speci�city of
89.4% and 82.9%, respectively (area under the ROC = 0.9305, standard error = 0.0091, 95% CI = 0.9127–
0.9483, p < 0.001).

The confounding factors of age, sex, co-morbidities, and CRP were adjusted in a multivariate logistic
regression analysis. This analysis showed that D-dimer ≥1.66 mg/L (OR 47.5, 95% CI = 27.94 – 80.67, p
< 0.001) remained signi�cantly and independently associated with 30-day mortality. Additionally, D-dimer
≥1.33 mg/L (OR 33.0, 95% CI = 20.19 – 54.04, p < 0.001) remained signi�cantly and independently
associated with the 30-day need for MV (Table 2). The results showed that higher D-dimer levels
remained an independent predictor for the development of 30-day adverse outcome.  
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Table 2
Risk factors associated with 30-day survival and need for MV in a multivariate logistic

regression analysis
Risk factors 30-day survival Need for MV

  OR 95% CI p value OR 95% CI p value

Age 1.02 0.96–1.08 0.527 1 0.96–1.05 0.909

Male 0.72 0.45–1.18 0.192 0.83 0.55-1.26 0.378

Co-morbidities            

Hypertension 0.81 0.51–1.29 0.368 1 0.67-1.50 0.986

Atrial �brillation 1.07 0.62-1.85 0.809 1.19 0.74-1.92 0.466

Coronary heart disease 0.57 0.33-0.99 0.049 1.15 0.71-1.87 0.578

Chronic renal insu�ciency 1.48 0.93-2.33 0.095 1.02 0.69-1.52 0.904

Diabetes mellitus 1.1 0.71-1.71 0.677 1.38 0.94-2.02 0.102

CRP>0.8 mg/dL 4.42 2.75-7.11 <0.001 4.74 3.17-7.10 <0.001

D-dimer≥1.66 mg/L 47.5 27.9-80.7 <0.001 33.0 20.2-54.0 <0.001

Kaplan-Meier event-free survival curves demonstrated that patients with D-dimer ≥ 1.66 mg/L showed
worse event-free survival compared with those with D-dimer < 1.66 mg/L during the 30-day follow-up
period (p < 0.001). Similarly, a signi�cant survival disadvantage for patients with D-dimer level ≥ 1.33
mg/L was found (p < 0.001) (Figure 3).

Discussion
Our �ndings revealed that high D-dimer levels on admission in this study population were associated with
30-day all-cause mortality and the need for MV, and D-dimer levels above 1.66 mg/L serve as a strong
independent indicator of 30-day mortality in patients with a primary admission diagnosis of AECOPD. D-
dimer levels above 1.33 mg/L were also good predictors of the need for MV. This association remained
after adjustment for age, sex, co-morbidities, and CRP. In addition, the values of D-dimer correlated well
with the values of the CRP level.

An elevated D-dimer was associated with increased total mortality in the absence of clinically overt
disease [17, 18], as well as among patients with PE and aortic dissection [19, 20]. D-dimer levels also
appeared to be accurate markers of the severity of severe acute pancreatitis and increased levels of D-
dimer were associated with the development of organ dysfunction [21, 22]. Moreover, elevated D-dimer is
associated with higher cardiovascular mortality among patients with cardiovascular disease [23–25].
Several studies have found this relationship existed in the patients with CAP and sepsis; moreover, D-
dimer levels are closely related to severity of CAP [26–31]. An admission D-dimer level less than 500



Page 7/13

ng/mL is also associated with low risk of short-term death and major morbidity in CAP patients [32]. In
addition, D-dimer levels greater than 2,000 ng/mL identify a subgroup of CAP patients who are at
increased risk for in-hospital death [26]. As a result, an elevated D-dimer is an independent correlate of
increased mortality across a broad variety of disease states. Many studies have demonstrated an
association between elevated D-dimer and poor prognosis, but no single cutpoint has been identi�ed
which consistently optimizes the prognostic value of the biomarker. CRP levels may also re�ect the
severity of in�ammation[33]. In accordance with these previous �nding, our results showed that increased
D-dimer levels were associated with adverse outcome. D-dimer level (above 1.66 mg/L) on admission
was shown to be useful in predicting mortality, with a high sensitivity of 87.6% and negative predictive
value of 89.1%. Moreover, if the D-dimer level was above 1.33 mg/L, a high level correlated with poor
outcomes of the need for MV. Consequently, these patients may require special attention after admission.
D-dimer level could be used to distinguish a subgroup of patients with increased risk for both mortality
and the need for MV. The correlation between coagulation factors and adverse outcome also suggests
that anticoagulant therapies may be bene�cial in patients with severe AECOPD.

The mechanism underlying the elevated D-dimer levels might be complicated. Activation of the
coagulation cascade is a common and early event in patients with infection [7]. Severe coagulative
disorder characterized by the diffuse formation of intravascular microthrombi and activation of
�brinolysis could be the dominant cause of this phenomenon [34]. Systemic pro-in�ammatory cytokine
responses are mediators of atherosclerosis directly contributing to plaque rupture through local
in�ammation, induction of procoagulant factors, and haemodynamic changes, which predispose to
ischaemia and thrombosis [35, 36]. D-dimer levels may be elevated in AECOPD patients as an
in�ammatory and prothrombotic host response to infection. The mechanism underlying the increases in
D-dimer levels may be the formation of multiple intravascular thrombi. Furthermore, increased
in�ammatory response during AECOPD may increase the ongoing in�ammatory process associated with
atherosclerosis, resulting in escalation of atherosclerosis and coronary artery luminal narrowing possibly
through processes that involve �brinolysis releasing D-dimer into the circulation. This phenomenon
thereby increases the likelihood of atheroma plaque rupture and subsequent ischemia, as well as
myocardial events [37]. A persistent prothrombotic state after infection may explain the epidemiologic
link between infection and higher risk of cardiovascular disease [31]. Early elevation of D-dimer, together
with other in�ammatory factors, may contribute to the development or to the severity of several chronic
diseases, including cardiovascular disease, leading to augmented mortality [17].The prothrombotic
changes associated with acute in�ammation re�ected by the elevated D-dimer levels suggest that
undetected thromboembolism may contribute to mortality in AECOPD patients. D-dimer may represent
the summation of pro-coagulant balance or genetic factors, the extent of subclinical atherosclerosis, or
the presence of underlying coagulation disorders that predispose to poor prognosis. Interventions, such
as aspirin and statins, with bene�cial effects on resolution of the prothrombotic state and in�ammation,
should be investigated to improve long-term outcomes after pneumonia [38]. Our results suggest that
higher D-dimer levels may provide additional prognostic information. D-dimer is a simple severity
assessment tool that is slightly better than other current scoring systems in predicting adverse outcomes,
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such as the need for MV and therapeutic failure. Measurement of the D-dimer level may have the
potential of identify a subgroup of patients with COPD who are at low risk of adverse outcomes who may
be suitable for outpatient therapy. This approach may also allow the selection of patients who will need a
more intensive follow-up after admission, or those patients who might bene�t from an antithrombotic
therapy. Further prospective multiple center studies with a large number of patients are required to
establish the exact role of D-dimer as a possible novel prognostic marker in AECOPD patients and form
stronger conclusions.

This study has several limitations that should be considered. First, patients with elevated D-dimer levels
were not systematically assessed to detect the presence of VTE. In this retrospective study, PE or DVT
was ruled out by spiral CT scanning or peripheral vein compression ultrasonography only in patients with
a high pretest probability. Therefore, not all VTE episode can be excluded, because of the presence of
asymptomatic thrombus at the time of D-dimer measurement. Second, the overall mortality was different
from that of other reports. The D-dimer cutoff values associated with mortality in the present study may
be substantially different among patients, which probably re�ected the fact that in our study, patients
with recent surgery, recent trauma, active cancer, or a recent history of myocardial infarction or cerebral
infarction were not included. Third, in our heterogeneous population, the patients were elderly, aged 80
years and older, and co-morbidities may have affected the coagulation process. Therefore, these
characteristics may limit the generalizability of our �ndings to this age bracket. D-dimer is also in�uenced
by other concomitant medical conditions, such as atrial �brillation, heart failure, peripheral artery disease
and renal failure [39–42]. Moreover, in this study, we did not exclude the patients exhibiting these
concomitant medical conditions, which may have reduced the speci�city of D-dimer in predicting
mortality. Fourth, therapeutic interventions may be highly in�uenced by age and empirical antibiotic
therapy, which may add some bias to our main results. Finally, D-dimer possesses high heritability and
this fact supports the notion that D-dimer levels re�ect genetic factors [43]. This study was performed in
four different hospitals and most of the patients were from North China; thus, our �ndings may not be
completely representative of the population of other locations. Moreover, D-dimer may not have the same
testing characteristics when applied to other populations, and will probably perform worse. Although
caution is necessary in the interpretation of our results, we consider it improbable that these limitations
have in�uenced our main �ndings.

Conclusion
In conclusion, our results suggest that D-dimer is a prognostic biomarker with the potential to identify
patients at low risk of 30-day mortality or the need for MV in patients with a primary admission diagnosis
of AECOPD. The main usefulness of the D-dimer is its ability to identify patients who need more
aggressive monitoring and treatment after admission. D-dimer measurement could help risk strati�cation
in AECOPD patients.
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Figures

Figure 1

Differences in D-dimer levels between survivors and non survivors (A), and between need for MV and
without need for MV (B).
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Figure 2

ROC curve for D-dimer as marker of 30-day mortality (A) and 30-day need for MV(B) in patients aged 80
years and older with AECOPD.

Figure 3

Kaplan-Meier survival curves (A) and need for MV-free survival curves (B) according to D-dimer levels.


