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İstanbul, phone: +90 212 6641700; fax: +90 212 
5472233, email: drekremcs@yahoo.com

Abstract

Background: Cardiovascular disease (CVD) contributes signifi cantly to mortality in 

chronic obstructive pulmonary disease (COPD). Red blood cell distribution width 

(RDW), an automated measure of red blood cell size heterogeneity that is largely 

overlooked, is a newly recognized mortality marker in patients with established 

CVD. It is unknown whether RDW is associated with mortality in COPD patients. 

Aims: To study the prognostic value of RDW in patients with COPD and to compare 

the value of this measurement with cardiac, respiratory, and hemotological status. 

Method: We performed retrospective analyses of 270 patients stable with COPD 

who were admitted to our hospital between January 2007 and December 2009. 

Demographic, clinical, echocardiographic, and laboratory characteristics were 

registered and recorded COPD deaths were registered as outcomes. Results: In the 

overall patients, the RDW level had a mean value of 15.1 ± 2.4. RDW was positively 

correlated with C-reactive protein (CRP) (p = 0.008, r = 0.21), right ventricular 

dysfunction (RVD) (p < 0.001, r = 0.25), and pulmonary arterial hypertension (PAH) 

(p = 0.03, r = 0.14). Variables (p < 0.1) included in the univariate survival analysis 

were forced expiratory volume in 1 second (FEV1% predicted), RDW levels, age, 

PaCO2, albumine and CRP levels, presence of CVD, presence of anemia, presence of 

RVD, and presence of PAH. Subsequent multivariate analysis suggested that RDW 

levels (1.12; 95% CI, 1.01 to 1.24; p = 0.01), and presence of RVD (2.6; 95% CI, 1.19 

to 5.8; p = 0.01) were independently related to mortality. Conclusion: Elevated RDW 

levels were associated with increased mortality risk in stable COPD patients. 
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is the fourth-largest cause 
of death worldwide (1). However, more patients with COPD die from car-
diovascular causes than from respiratory failure (2). Th erefore, cardiovascular 
disease (CVD)-related morbidity and mortality is also high in COPD patients 
(2). Th e most obvious explanation for the high cardiovascular morbidity and 
mortality rates seen in COPD patients is the high prevalence among this group 
of smoking and other known risk factors for CVD, such as a poor diet, sed-
entary lifestyle and low socioeconomic class (2). In addition, COPD is associ-
ated in some patients with a “low grade systemic infl ammation” that may also 
initiate or worsen co-morbid diseases, such as CVD (3). Th erfore, co-morbid 
diseases potentiate the morbidity of COPD, leading to increased mortality. 

Red blood cell distribution width (RDW) is a numerical measure of the 
size variability of circulating erythrocytes and is routinely reported as a 
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component of complete blood count in the diff erential 
diagnosis of anemia (4). RDW is in a standard size, but 
disorders related to systemic infl ammation, ineff ective 
erythropoiesis, nutritional defi ciencies, bone marrow 
dysfunction or increased destruction cause a higher 
RDW (5–9). Very recently, researchers have reported 
higher mortality risk associated with higher RDW in 
patient populations with CVD (10–12). RDW has been 
found to be a strong predictor of all-cause mortality in 
population cohorts not only for CVD (13, 14). All of 
these studies hypothesized that higher RDW levels may 
refl ect underlying chronic infl ammation, which could 
result in an increased risk of CVD and increased mor-
tality (10–14).

Increased infl ammation in the lungs, as well as a sys-
temic infl ammatory response, is now a well-established 
factor in COPD (15, 16). A number of infl ammatory 
markers have been shown to be elevated systemically in 
COPD including IL-6, IL-8, TNF α, C-reactive protein 
(CRP), and fi brinogen (16–18). Infl ammatory cytok-
ines have been found to inhibit erythropoietin-induced 
erythrocyte maturation, which is refl ected in part by an 
increase in RDW (8). COPD-related infl ammation may 
also impair erythropoiesis, as do other chronic infl am-
matory processes, and increase RDW. Although the 
relationship between RDW and survival is well recog-
nized in CVD (10–12, 19–25), it has not been previously 
demonstrated in COPD. Accordingly, we hypothesized 
that infl ammatory activation may be a mechanistic link 
between higher RDW and increased mortality in patients 
with COPD. We therefore aimed to study whether RDW 
is eff ective as a prognostic marker in a population with 
COPD.

Methods

We retrospectively analyzed the dates of patients diag-
nosed with COPD by GOLD criteria (26) between 
January 2007 and December 2009. Th ese stable COPD 
patients who had no history of hospitalization or admis-
sion to an emergency department for at least 8 weeks 
were included in the study. Patients who had a history 
of cancer, sleep apnea syndrome, primary valvular heart 
disease, arthritis, connective tissue disorders, infl amma-
tory bowel disease, renal failure, liver diseases, hemato-
logical system diseases, history of exacerbation during 
the last 2 months, blood transfusion and antiinfl amma-
tory drug (systemic steroids, immunosuppressive drugs) 
use in the last 2 months were excluded from the cohort. 
Of the 346 patients admitted during the study period, 
270 patients were included in the study. Seventy-six 
patients were excluded because of systemic steroids 
drug use (n = 13), history of exacerbation during the 
last 2 months (n = 14), previous diagnoses of malignan-
cies (n = 5), sleep apnea syndrome (n = 5), renal failure 
(n = 2), and inability to perform echocardiography (n = 
37). Th e study was carried out in accordance with the 
Declaration of Helsinki (1989) developed by the World 

Medical Association. It was also approved by the Ethics 
Committee of our hospital. 

All demographic, health behavior related factors 
[age, sex, BMI (body mass index), smoking history, total 
number of pack-years of smoking and alcohol intake], 
medical conditions [hypertension, diabetes mellitus, 
cardiovascular disease (heart failure, coronary artery 
disease, stroke, or arrhythmia)], electrocardiography, 
echocardiographic and biochemical data, and treatment 
modalities, re-admission to emergency units and/or 
hospitalizations were recorded (Tables 1, 2). 

Laboratory measurements 
Blood samples were obtained after admission, follow-
ing an overnight fast and 10 min of supine rest. Samples 
were processed immediately for the determination of all 
biochemical parameters. Th e RDW, hemoglobin level, 
white blood cell count and mean corpuscular volume 
were determined using ABX Pentra 120, with a diff er-
ential count as part of the complete blood cell count. 
Th e normal range for RDW in our laboratory was 11.5 
% to 15.5%. Anaemia was defi ned according to World 
Health Organization criteria: hemoglobin, 13 g/dL for 
men and, 12 g/dL for women (27). Serum albumin levels 
(N: 3.5- 5.5 g/dL) were measured using Abbot-labeled 
kits (catalog no: 30-3050/R2) and CRP levels (N: 0-1 
mg/dL) were measured by using immunoturbidimetric 
methods in Beckman Coulter-Synchron LX- 20 chem-
istry autoanalyser in the biochemistry laboratory of our 
hospital. 

Electrocardiographic fi ndings 
A 12-lead electrocardiogram (ECG) was evaluated by 
the cardiologist (OI) for heart rate and rhythm and for 
evidence of acute ischemia according to the following 
criteria: ST segment elevation > 0.5 mm, ST segment 
depression > 0.5 mm and horizontal or downsloping, 
T wave fl attening or inversion, and conduction block 
(atrioventricular, left or right bundle branch). Heart rate 
and rhythm were obtained from the ECG. Coders were 
blinded to other clinical data.

Echocardiographic fi ndings
Echocardiography was performed by SONOS 4,500 
echocardiogram using 3.5 and 2.5 MHz transducers. 
(Sonos 5500, Philips, MA, USA). Standardized projec-
tions and measurements were performed for the evalua-
tion of cardiac anatomy, ventricular function, and valve 
competence; left ventricular ejection fraction (LVEF) 
was measured by Simpson’s method, using second har-
monic imaging. Systolic pulmonary artery pressure was 
calculated by adding the estimated right atrial pressure 
onto the tricuspid regurgitation gradient. Pulmonary 
arterial hypertension (PAH) was defi ned as a higher 
than 30 mmHg systolic pulmonary artery pressure. 
Right ventrictular dysfunction (RVD) was diagnosed in 
the presence of any of the followings: dilatation of the 
RV (diastolic diameter >30 mm), abnormal motion of 
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the interventricular septum, hypokinesis of RV, or tri-
cuspid valve regurgitation (jet velocity, 92.5 m/s). Left 
ventricular dysfunction (LVD) was defi ned as a lower 
than %50 of LVEF and higher than 35 mm of diastolic 
diameter. 

Pulmonary function tests 
Spirometry dates, if performed in a stable state hospi-
tal admission or 8 weeks after discharge, were gathered 
from patient records. Spirometry was performed with 
equipment that met the American Th oracic Society 
performance criteria1 (28). To adjust for height, age, 
sex, and race, we used published prediction equations 
for forced expiratory volume in 1 second (FEV

1
), FEV

1
–

FVC ratio and forced vital capacity (FVC). 

Study outcomes
Th e primer endpoint of the present study was mortality. 
Median follow-up was 36 (20–52) months, and maxi-
mum follow-up was 63 months. We used the hospital 
automation software which was integrated with the 
national population system to determine the deaths. Th e 
annual death rates were computed from the follow-up 
records. 

Statistical analyses
Variables were given as the mean or median with a 
standard deviation value. Student's t test was used to 
compare means and Mann–Whitney U-test was used to 
compare medians. Frequencies were compared with chi-
square and Fisher's Exact test. Spearman and Pearson 

correlation tests were used for correlation analysis. Th e 
patients received study date was considered as zero-day, 
last check date or dead date was considered as last day 
on survival analysis. Kaplan-Meier survival analysis was 
performed for univariate survival analysis. Log-rank or 
Cox tests were used for comparison of survival rates of 
groups. Variables that were associated with survival at 
p < 0.10 in univariate analysis were included in multi-
variate analysis. Th e Cox relative risks model was used 
for multivariate analysis of these factors that were likely 
to aff ect the survival. Forward stepwise analysis method 
was preferred to show that the variable independently 
aff ects survival. A p-value of less than 0.05 was consid-
ered to be signifi cant.

Results

Th e study population consisted of 270 patients, whose 
characteristics are given in Table 1. RDW ranged from 
10.4% to 24.5% (median, 14.7%; interquartile range, 13.4% 
to 16.4%; mean, 15.1 ± 2.4%), and 111 (41%) had RDW 
levels out of the normal range of 11.5% to 15.5% [RDW < 
11.5 (n = 3 [1%]) and RDW >15.5 (n = 108 [40%])]. 

In comparison patients with an elevated RDW (>15.5) 
value and with a nonelevated RDW (≤15.5) value were 
more likely to have a higher CRP levels, lower albumine 
and higher PaCO

2
 levels. In addition PAH, RVD, pres-

ence of CVD and mortality rate were signifi cantly higher 
in patients with an elevated RDW (Tables 1 and 2). 

Absolute RDW levels positively correlated with 
CRP levels (r = 0.21, p = 0.08) (Figure 1) and inversely 

Table 1. Baseline characteristics of participants

Characteristic
All patients 
(n = 270)

Elevated RDW (>15.5) 
(n = 108)

Non-elevated RDW (≤15.5) 
(n = 162) p-value

Demographics
     Age (years)#

     Gender (Male), (n, %)
     Smoking status
          Pack-years of smoking£

          Active smoking, (n, %)
          Ex-smoker, (n, %)
     Time on disease (years)£

     BMI (kg/m2)#

61 ± 7.3
207 (77)

40 (10–55)
108 (40) 
116 (43)

12 (6–20)
26.2 ± 5.2

61.8 ± 7.2
96 (89)

40 (7.5–60)
43 (39)
52 (48)

14 (7–20)
24.2 ± 6.1

60 ± 7.4
111 (69)

38 (8–54)
65 (40)
64 (39)

10 (5.7–16)
26.3 ± 4.7

NS
NS

NS
NS
NS

0.04
NS

Medical history
     CVD, (n, %)
     Hypertension (n, %)
     Diabetes mellitus (n, %)

40 (15)
51 (19)
22 (8)

23 (21)
18 (17)
8 (7)

17 (10)
33 (20)
14 (9)

0.023
NS
NS

Treatment modalities     
     LTOT (n, %)
     HNIMV (n, %)
     Inhaled steroid (n, %)

87 (32)
24 (8)

209 (76)

36 (33)
13 (12)
88 (82)

51 (31)
 11(6)

121 (74)

NS
0.04
NS

GOLD stage; (n, %)
     Stage I
     Stage II
     Stage III
     Stage IV

14 (5)
38 (14)
116 (43)
102 (38)

  4 (4)
18 (16)
50 (46)
36 (34)

10 (4)
20 (13)
66 (40)
66 (40)

NS
NS
NS
NS

RDW, red blood cell distribution (%); BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Lung Disease; CVD, Cardiovascular disease; HNIMV, home non-ınvasive mechanical 
ventilation; LTOT, long-term oxygen therapy; p-value, elevated versus non-elevated RDW, #Results given as Mean ± SD.£Results given as median (quarter intervals); n, number of cases; NS, 
statistically non-signifcant.
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correlated with Hg concentration (r = –0.18, p = 0.04), 
mean corpuscular volume (MCV) (r = –0.37, p < 0.001), 
and serum albumin levels (r = –0.2, p = 0.02) (Table 3). 
First callout Figure 1 and Table 3. Among echocardio-
graphic parameters, RDW levels correlated positively 
with right ventricular end-diastolic diameter (r = 0.17, 
p = 0.33), left ventriculer end-diastolic diameter (r = 
0.15, p = 0.04), RVD (r = 0.25, p < 0.001), and PAH (r = 
0.16, p = 0.03) (Table 3). But there were no signifi cant 
interaction eff ects between RDW levels and ECG fi nd-
ings (Table 3).

RDW and survival
Th e overall 5-year survival rate of the patients was 
calculated as 49%. Th e 5-year survival rate was 70% 
for patients with a nonelevated RDW (≤15.5) and 19% 
for patients with an elevated RDW (>15.5) (p < 0.001) 
(Figures 2, 3, and 4). First callout Figure 2, 3, and 4. Fac-
tors that were found to aff ect the survival rate on the 

univariate analysis (p < 0.1) (absolute RDW levels, pres-
ence of CVD, presence of anemia, age, albumine and 
CRP levels, PaCO

2
, presence of RVD, the presence of 

PAH, and FEV
1
% predicted) were used in a Cox regres-

sion analysis for multivariate analysis of the factors that 
may aff ect the survival rate. Th e analysis showed that 
RDW levels (p = 0.01) and presence of RVD (p = 0.01) 
were both independent prognostic factors (Table 4). 
First callout Table 4.

Discussion

In the last few years, there have been numerous stud-
ies consistently confi rming the independent association 
between RDW and mortality across a broad spectrum of 
CVD patient populations, including patients with heart 
failure (11, 19–21), with established coronary artery dis-
ease (CAD) (12, 22), with pulmonary hypertension (23), 
with acute pulmonary embolism (24), and with acute 

Table 2. Follow-up dates and laboratory fi ndings of the study participant

Dates
All patients 
(n = 270)

Elevated RDW (>15.5) 
(n = 108)

Non-elevated RDW (≤15.5) 
(n = 162) p-value

Spirometry data
     FEV1, % predicted£
     FEV1, L

£

     FEV1/VC, %£

33 (26-43)
0.89(0.69-1.2)

65 (51-71)

32 (26-38)
0.93 (0.7-1.3)

68 (54-75)

34 (23-46) 
0.8(0.6-1.2)
64 (51-70)

NS
NS
NS

Laboratory variables
     PaO2 (mmHg)#
     PaCO2 (mmHg)# 
     pH£
     Albumin (g/dL)#
     RDW (%)#
     Hb (g/dL)#
     MCV (fL)#
     CRP (mg/dL)£

     Leukocytes,103/L£

     Neutrophils,103/L£

67 ± 12
44 ± 7.6

7.4 (7.38-7.43)
3.5 ± 0.5
15.1 ± 2.4
14.1 ± 3.4
86 ± 7.5

1.2 (0.5–3.2)
8600 (7000–11,000)
6150 (4125–8437)

65 ± 10
46.7 ± 8.3

7.39 (7.37–7.44)
3.3 ± 0.8

17.5 ± 2.1
13.2 ± 2.3
83 ± 7.4

2.1 (0.7–4.5)
8900 (6990–11300)
6840 (4760–8760)

68 ± 13
43 ± 6.9

7.4 (7.38–7.43)
3.6 ± 0.5
13.6 ± 1

14.6 ± 3.8
87 ± 7.2

0.9 (0.5–2.3)
8600 (7025–10900)
5700 (4430–8100)

NS
0.03
NS

0.04
<0.001
0.004

<0.001
<0.001

NS
NS

Electrocardiographic data
     ST seg elevation, (n,%)
     ST seg depression,(n,%)
     T wave changes, (n,%)
     Conduction bloc,(n,%)
     Pathological Q-wave,(n,%)
     Atrial fi brillation, (n, %)

8 (3%)
29 (11%)
45 (17%)
62 (23%)
21 (8%)
19 (11%)

2 (2%)
15 (14%)
14 (13%)
28 (26%)
12 (11%)
10 (9%)

6 (4%)
14 (8%)

31 (19%)
34 (20%)
9 (6%)
9 (6%)

NS
NS
NS 
NS
NS
NS

Echocardiographic data
     RVD, (n, %)
     LVD, (n, %)
     PAH, (n, %)
     LVEF (%)#
     RVEDD,cm#
     LVEDD,cm#

83 (30%)
23 (8 %)

131 (48%)
57 ± 8,3
2.7 ± 0.6
4.7 ± 0.7

44(41%)
 11(10%)
66 (61%)
56 ± 8.5
2.8 ± 0.6
4.8 ± 0.6

39 (24%)
12 (7 %)
65(40%)
58 ± 9

2.6 ± 0.6
4.6 ± 0.7

0.006
NS

0.02
NS

0.041
0.046

Follow-up, data
     Follow-up, months£

     Re-admission, n£

     Mortality (n, %)

36 (20-52) 
1.1 (1-3)
121 (45)

22 (5-36)
2.1 (0-3)
84 (78)

38 (34-57)
1 (1-3)
37 (23)

<0.001
NS

<0.001

RDW, red blood cell distribution (%); FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity. LVEF, left ventricular ejection fraction; PAH, pulmonary arterial hypertension; RVD, 
riht ventrictular dysfunction; LVD; left ventricular dysfunction; RVEDD; right ventrictular end-diastolic diameter, LVEDD; left ventricular end-diastolic diameter; CRP; C-reactive protein; MCV; 
mean corpuscular volume; p-value, elevated versus non-elevated RDW, #Results given as Mean ± SD.£Results given as median (quarter intervals); n, number of cases; NS, statistically non-
signifcant.
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myocardial infarction (25). COPD has a potential link 
with CVD from the point of infl ammation, oxidative 
stress and endothelial dysfunction (2, 29). In this con-
text, a relationship between RDW levels and mortality 
may be considered in COPD. In the present study, we 
hypothesized that a chronic infl ammatory state may act 
as a mechanistic link between RDW levels and increased 
mortality in patients with COPD. In a retrospective 
study of 270 patients, we found that RDW levels were 
independently associated with increased mortality in 
COPD.

RDW is a quantitative measure of anisocytosis. It is 
routinely measured by automated hematology analyzers 
and has been reported as a component of the complete 
blood count (4). RDW is typically elevated in conditions 
of ineff ective red cell production (such as iron deficiency, 
B12 or folate deficiency, and hemoglobinopathies), 
increased red cell destruction (such as hemolysis), or 
after blood transfusion (4–9,29). Oxidative stress was 
also shown to be associated with RDW. Antioxidants, 
including total serum carotenoids, a-tocopherol, and 
selenium, were shown to be signifi cantly associated with 
a decrease in RDW (30). In patients with conditions 
charac terized by increased levels of oxidative stress, such 
as Down syndrome (31), poor pulmonary function (32), 
and dialysis (33), RDW values are elevated. Additionally, 
higher RDW levels may result from ineff ective eryth-
ropoiesis due to chronic infl ammation. Infl ammatory 
cytokines have been found to suppress the maturation 
of erythrocytes, allowing juvenile erythrocytes to enter 
into the circulation and lead to an increase in RDW (8). 
COPD is associated with a chronic infl ammatory state 
and increased levels of infl ammatory cytokines (16–18). 
As with infl ammation, the pulmonary oxidative stress 

associated with COPD (3). Oxidative stress increases 
with severity of airfl ow obstruction as measured by lipid 
peroxidation products in induced sputum from COPD 
patients (34). Finally, RDW is increased in patients with 
poor respiratory function in relation with oxidative stress. 
We speculate that RDW may be high due to infl amma-
tion and oxidative stress in COPD, and therefore higher 
levels of RDW may refl ect an underlying infl ammatory 
state in COPD. In the present study, we found that RDW 
levels were high in almost half of stable COPD patients 
(44%). In addition, the correlation between RDW levels 
and CRP (indicator of infl ammation) and albumin levels 

Figure 1. Correlation coeffi cient between red cell distribution width (RDW) and the 
C-reactive protein (CRP). The scale is a logarithmic scale.

Table 3. Correlation coeffi cients of demografi c and laboratory variables with 
RDW

Variable RDW

r coeffi cient p-value

<TB>Demographics variables
      Age 
      Gender
      Smoking status
      BMI
      Time on disease
      Cardiovascular disease
      LTOT
      HNIMV
      Inhale steroid
      Stage

 0.06 NS
 –0.05 NS
 0.09 NS
 –0.01 NS
 0.01 NS
 0.21 0.02
 0.07 NS
 0.16 0.03
 0.12 NS  
 0.08 NS

Spirometry variables
      FEV1, % predicted
      FEV1,
      FEV1/VC, %

 –0.08 NS
 –0.01 NS
 0.01 NS

Laboratory variables
      PaO2 
      PaCO2
      pH
      Albumin 
      Hb 
      MCV
      CRP
      Leukocytes
      Neutrophils

 –0.04 NS 
  0.17 0.04
 –0.04 NS
 –0.22 0.02
 –0.18 0.04
 –0.37 <0.001
 0.21 0.008
 –0.06 NS
 0.04 NS

Electrocardiographic variables
      ST seg elevation
      ST seg depresslon
      T wave changes
      Conduction bloc
      Pathological Q-wave
      Atrial fi brillation

 0.02 NS
 0.12 NS
 –0.03 NS
 0.07 NS
 0.11 NS
 0.12 NS 

Echocardiographic variables
      RVD
      LVD
      PAH
      LVEF
      RVEDD
      LVEDD

 0.25 <0.001
 –0.09 NS
 0.14 0.03
 –0.15 0.023
 0.17 0.03
 0.15 0.04

Follow-up variables
      Re-admission
      Mortality

 0.2 NS
 0.46 <0.001

RDW, red blood cell distribution (%);BMI, body mass index; MCV; mean corpuscular 
volume; 
HNIMV, home non-invasive mechanical ventilation; LTOT, long-term oxygen therapy; 
LVEF, left ventricular ejection fraction;  PAH, pulmonary arterial hypertension;  
RVD, right ventrictular dysfunction; RVEDD; right ventrictular end-diastolic diameter,  
LVEDD; left ventricular end-diastolic diameter; NS, statistically non-signifcant
LVD; left ventricular dysfunction.
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(suppressed due to infl ammation) suggests that the high 
RDW levels may be seen as a marker of systemic infl am-
mation in COPD. In addition, there was no relationship 
between RDW levels and the stage of COPD. However 
the relationship between RDW levels and PAH, indicated 
that RDW is an infl ammatory marker that suggests the 
severity of COPD. 

Patients with stable COPD, particularly when the 
disease is severe, show evidence of systemic infl amma-
tion, measured either as increased circulating cytokines, 
and acute phase proteins, or as abnormalities in circu-
lating cells (6, 16). Th e most studied of these markers 
is CRP, an acute-phase reactant secreted by the liver. 
Mounting evidence now suggests that increased serum 
CRP levels are also associated with lung infl ammation in 
stable COPD (6, 20). Two epidemiologic studies (19, 35) 
showed that increased CRP levels were independently 

associated with global and cardiovascular mortality in 
COPD patients. Recently, in a large unselected cohort 
of patients, RDW showed a strong and graded associa-
tion with infl ammatory markers (36). Th e relationship 
between CRP and RDW has been shown in previous 
reports (37). In this regard, we found a correlation 
between RDW and CRP levels. It is therefore possible 
that RDW as a systemic marker of ongoing lung infl am-
mation could be used as a predictor of future COPD 
outcomes. Even though hCRP levels were not exam-
ined in the present study, no relationship was observed 
between CRP levels and survival in multivariate analy-
ses, nor were RDW levels signifi cant predictors of out-
come. Th e main fi nding of this study was that systemic 
infl ammation, as evaluated by RDW, appeared to be the 
best prognostic indicator of survival.

Although chronic obstructive pulmonary disease 
(COPD) is “traditionally” associated with polycythemia, 
the systemic infl ammation that is now recognized as a 
feature of COPD makes it a possible cause of anemia of 
chronic disease (ACD). Although reports have shown 
very strong evidence of an association between anemia 
and mortality in COPD patients (38), in the present 
study, higher levels of RDW were associated with mor-
tality in cases without anemia. Our analyses concerning 
the eff ect of the interaction between RDW categories 
and anemia status on mortality in univariate models pro-
duced signifi cant results; however the eff ect disappeared 
after multivariate adjustment. Th e most interesting fi nd-
ing from our study is that RDW was a better prognostic 
marker than hemoglobin regardless of anemia status. In 
this case, RDW may be an earlier prognostic marker than 
haemoglobin, as it may refl ect early steps in the complex 
processes of anemia, when ineff ective production and 
increased destruction of red cells occur, but hemoglobin 
is still within the normal range. 

Although recent studies showed that RDW was a 
prognostic factor for CVD, RDW levels have been shown 

Figures 3. Adjusted without right ventricular dysfunction (RVD) Kaplan-Meier 
curve for long-term survival according to red cell distribution width (RDW) groups 
in the entire cohort of patients (p < 0.001 by log-rank test).

Figures 4. Adjusted with right ventricular dysfunction (RVD) Kaplan-Meier curve 
for long-term survival according to red cell distribution width (RDW) groups in the 
entire cohort of patients (p < 0.001 by log-rank test).Figure 2. Unadjusted- Kaplan-Meier curve for long-term survival according to red 

cell distribution width (RDW) groups in the entire cohort of patients (p < 0.001 by 
log-rank test).
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to be associated with other chronic conditions, (29–33, 
39) and recently RDW has been found to be a strong 
predictor of all-cause mortality in two large population 
cohorts (13, 14). Th ese studies showed that this associa-
tion was not specific to cardiovascular disease, as RDW 

also predicted mortality from other chronic conditions, 
including cancer, kidney disease, and chronic lower 
respiratory tract disease. Possible mechanisms may 
include the fact that higher levels of RDW may refl ect 
an underlying infl ammatory state and oxidative stress, 
which is related to CVD and morbidity with poor out-
comes. Th ese conditions, which cause oxidative stress or 
chronic infl ammation and are often present in patients 
with COPD, are associated with a worse prognosis (2). 
Patients with COPD show evidence of increased systemic 
infl ammation, and oxidative stress has been implicated 
in the pathogenesis of CVD in patients with COPD 
(29). In addition, systemic infl ammation in COPD is a 
risk factor for CVD-related mortality (3). In the pres-
ent study, RDW level is the most important factor to 
aff ect mortality and a signifi cant correlation was found 
between RDW levels and the presence of CVD, RVD, 
LVEF. According to these fi ndings, RDW level is consid-
ered as a marker of mortality due to the CVD in patients 
with COPD. However, in the present study, these dates 
contradict the view that the presence of CVD does not 
aff ect the mortality rate in multivariate analyses. Th is 
may be due to the retrospective design of the study; also 
there may be cases of CVD, which were not detected 
from fi le dates. Th is also applies to the investigation of 
CVD in COPD patients with a high RDW level. 

RVD and PAH are common in patients with COPD 
(40). When present, they can reduce exercise tolerance, 
increase dyspnea and contribute to an overall decrease in 
functional status. Most importantly, however, its presence 
in the setting of COPD portends a higher mortality rates 
(40). In some reports (41, 42) high values of RDW were the 
only parameters independently associated with RV failure 
and in patients with COPD. In a recent study, Hampole et 
al. showed that RDW value was an independent predic-
tor of mortality in patients with pulmonary hypertension 
due to any reason (23). In our study, we demonstrated that 
RDW was correlated with RVD and PAH in patients with 
stable COPD which was supported to previous reports 
(23, 41). Hence, we think that high RDW levels may be a 
an indicator of RVD in COPD patients.

Th ere are several limitations of this study. First, labo-
ratory dates including RDW measurements were only 
available at baseline, thus it is unknown whether changes 
or improvement in RDW is associated with diff erences 
in mortality. Second, the fi ndings are restricted to the 
population included in the study: patients from pul-
monary clinics with moderate-to-very-severe COPD (a 
small number of patients with stage I (5%) and II (14%). 
It is possible that these results may not apply to individ-
uals without COPD or to those with mild to moderate 
disease. Th ird, this study is a retrospective study and the 
patinets were evaluated by fi le records for CVD. Finally, 
the patients were evaluated by CRP instead of hCRP.

In conclusion, we demonstrated that elevated RDW 
levels in patients with COPD was associated with an 
increased risk for mortality. An elevated RDW may be 
an indicator of underlying infl ammation and oxidative 

Table 4. Univariate and multivariate analysis of risk factors for mortality in 
patients with COPD

Variables

Univariate analysis 
p-value 

OR (95% CI)

Multivariate analysis 
p-value 

OR (95% CI)

Age 0.07
1.025 (0.9–1.05)

0.08
1.03 (0.9–1.08)

Gender 0.7
1.08 (0.6–1.7)

Smoking status 0.3
1.1 (0.8–1.4)

Time on disease 0.8
0.9 (0.9–1.02)

BMI 0.2
0.9 (0.9–1.02)

Treatment modalities 0.11
1.4 (0.9–2.2)

Presence of CVD 0.03
1.7 (1.02–3.05)

0.26
1.79 (0.64–5.01)

Re-admission 0.79
1 (0.9–1.1)

Stages 0.23
1.3 (0.9–2)

FEV1, predicted % 0.06
0.97 (0.95–1.02)

0.52
0.9 (0.96–1.01)

FVC, predicted % 0.12
0.9 (0.96–1) 

FEV1/FVC 0.16
0.8 (0.8–1)

PaO2 0,34
0.9 (0.9–1)

PaCO2 0.04
1.02 (1.009–1.3)

0.17 
1.03 (0.9–1.8)

pH 0.22
1.02 (1.02–2.2)

Albumin 0.07
0.5 (0.3–0.8)

0.14
0.67 (0.4–1.1)

Presence of Anemia 0.06
1.4 (0.9–2.2)

0.4
1.4 (0.6–3.4)

CRP 0.05
1.02 (0.9–1.04)

0.41
1.02 (0.97–1.5)

RDW <0.001
1.2 (1.15–1.3)

0.01
1.12 (1.01–1.24)

PAH <0.001
1.02 (1.01–1.02) 

0.18
1. 5 (0.8–2.9)

RVD <0.001
2.57 (1.7–3.8)

0.01
2.6 (1.19–5.8)

LVD 0.88
0.95(0.5–1.7)

RDW, red blood cell distribution (%); FEV1, forced expiratory volume in 1 second; FVC, 
forced vital capacity. LVEF, left ventricular ejection fraction; CVD, Cardiovascular disease; 
PAH, pulmonary arterial hypertension; LVD; left ventricular dysfunction; RVD, right 
ventrictular dysfunction; CRP; C-reactive protein; BMI, body mass index; OR, odds ratio; 
CI, confi dence interval.



 Red blood cell distribution in COPD patients 423

www.copdjournal.com

stres in COPD and it could be a useful, inexpensive and 
CVD associated prognostic factor in COPD patients. 
However, it is clear that more prospective studies are 
needed in this area. 
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