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Purpose: Studies have demonstrated that red blood cell distribution width (RDW) is closely
associated with the prognosis of patients with chronic obstructive pulmonary disease
(COPD). In addition, the dynamic changes in RDW appear to play an important role.
Thus, we aimed to investigate the relationship between dynamic changes in RDW and 30day all-cause readmission of patients with acute exacerbation of COPD (AECOPD).
Methods: In this retrospective cohort study, we enrolled patients with AECOPD hospita
lized in the Department of Respiratory Medicine in Liyuan Hospital (Wuhan China),
a tertiary, university-affiliated, public hospital. Patients with AECOPD were divided into
three groups based on their RDW values after the first and fourth days of admission. The
normal range for RDW is 10–15%. Patients with normal RDW values were included in the
normal group. Patients with an RDW value >15% on the first day, which subsequently
decreased by >2% on the fourth day was included in the decreased group. The increased
group was comprised of patients with an RDW value >15% on the first day which continued
to increase, or those with a normal RDW value on the first day which increased >15% on the
fourth day.
Results: A total of 239 patients (age: 72 years [range: 64–81 years]; male: n=199 [83.3%])
were included. There were 108, 72, and 59 patients in the RDW normal, decreased, and
increased groups, respectively; the 30-day all-cause readmission rate was 9.3%, 9.7%,
27.1%, respectively; (p=0.003), being noticeably higher in the RDW increased group.
Dynamic increase of RDW (OR:3.45, 95% CI: 1.39–8.58, p= 0.008) was independently
correlated with 30-day all-cause readmission of patients with AECOPD.
Conclusion: The dynamic increase of RDW is an independent prognostic factor of 30-day
all-cause readmission of patients with AECOPD.
Keywords: RDW, chronic obstructive pulmonary disease, hospitalization, readmission,
prognosis
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As the third-leading cause of death worldwide, chronic obstructive pulmonary
disease (COPD) affects 174 million individuals worldwide.1,2 COPD is character
ized by expiratory airflow limitation that is not fully reversible, deregulated
chronic inflammation, and emphysematous destruction of the lungs.3 Among
patients hospitalized for exacerbation of COPD in different developed countries,
including the United States of America, Canada, and Spain, the 30-day
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readmission rate is between 14% and 22%.4–7 Early read
missions are linked to increased morbidity, worsened dis
ease severity, and increased mortality, and they contribute
significantly to the economic burden associated with
COPD.4 Owing to these data, early identification and
intervention readmission have become a priority area for
clinicians. In 2014, COPD was included as a condition
under the Medicare Hospital Readmissions Reduction
Program in the United States of America. However,
there is limited evidence to guide hospitals regarding the
identification of patients at a higher risk of readmission.4
Red blood cell distribution width (RDW) is
a simple parameter of the blood count, which reflects
the degree of heterogeneity of the erythrocyte volume.8
Studies have shown that RDW, particularly dynamic
changes in RDW tracked by continuous measurement,
has strong prognostic value for various diseases,9–15
including cardiovascular and cerebrovascular diseases,
cancer, lung diseases, diabetes, sepsis, and liver and
kidney failure. According to previous studies, RDW is
a marker of inflammation, disease severity, comorbid
ities, and poor prognosis in patients with COPD. All
these factors are associated with early readmission
after an acute exacerbation of COPD (AECOPD).4,16
Thus, the changes in RDW may be used by physicians
for the stratification of readmission risk. In this study,
we investigated the relationship between dynamic
changes in RDW and 30-day all-cause readmission of
patients with AECOPD.

Materials and Methods
Study Design
We conducted a retrospective study on acute exacerba
tions in patients with COPD hospitalized in the
Department of Respiratory Medicine of the Liyuan
Hospital affiliated to Tongji Medical College,
Huazhong University of Science and Technology
(Wuhan, China), a tertiary, university-affiliated, public
hospital, between January 1, 2018 and June 1, 2020. The
study was conducted in accordance with the tenets of
the Declaration of Helsinki. The research protocol was
approved by the Medical Ethics Committee of Liyuan
Hospital, Tongji Medical College, Huazhong University
of Science and Technology (IRB ID: [2020] IEC
(A012)). All data used in the study were anonymized
and the requirement for informed consent was waived.
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Participants
We collected patients with COPD admitted to the hospital
due to acute exacerbations. The inclusion criteria were as
follows: adult patients diagnosed with COPD by
a physician in accordance with the 2020 Global Initiative
for Chronic Obstructive Lung Disease guidelines, which is
a post-bronchodilator forced expiratory volume in 1 s/
forced vital capacity (FEV1/FVC) ratio <0.7. Acute
exacerbation was defined as shortness of breath, expec
toration of sputum, color change of sputum, cough, wheez
ing, chest tightness, etc., with aggravation or reappearance
of at least two symptoms. Patients diagnosed with uncured
malignancy, acute pulmonary embolism, immune diseases,
renal failure, only a single RDW, and hospitalization stay
<3 days were excluded from the study.

Data Collection
Data on demographic characteristics and comorbidities,
such as age, sex, smoking history, admission to
a respiratory intensive care unit, complications (hyperten
sion, diabetes mellitus, chronic heart failure, coronary
atherosclerotic heart disease, and malignancy), laboratory
results, and length of hospital stay were manually
reviewed and collected from the medical records by two
reviewers. RDW was measured using an automated hema
tology analyzer (Sysmex XN-9000; Sysmex, Kobe,
Japan). In our laboratory, the normal reference range for
RDW is 10–15%. Patients were divided into three groups
based on their RDW values obtained on the first and
fourth day after admission. Patients with normal RDW
values were included in the normal group. Patients with
an RDW value >15% on the first day, which subsequently
decreased by >2% on the fourth day RDW was included in
the decreased group. The increased group was comprised
of patients with an RDW value >15% on the first day
which continued to increase, or those with a normal
RDW value on the first day which increased >15% on
the fourth day.

Statistical Analysis
Continuous variables were expressed as the mean ± standard
deviation or median (interquartile range). Categorical vari
ables were presented as numbers with percentages. The
baseline characteristics of the groups were compared using
one-way analysis of variance. The independent sample
Kruskal–Wallis H-test and chi-squared test were used for
continuous and categorical variables, respectively. The
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prognostic value of the changes in RDW on 30-day read
mission was determined using logistic regression model, and
the results were presented as odds ratios (ORs) and the 95%
confidence intervals (CIs). Variables were selected as candi
dates for the multivariate analysis when p<0.1 in the uni
variate analysis. Cox regression analysis generated adjusted
survival curves between the RDW groups. The p-values
<0.05 denoted statistically significant differences. All statis
tical analyses were conducted using SPSS (version 26.0 for
Mac OS X; IBM Corporation, Armonk, NY, USA).

Results
A total of 239 patients with AECOPD (Figure 1) (age: 72
years [range: 64–81 years]; male: n=199 [83.3%]) who
met the inclusion criteria were included in our study
(Table 1). There were 108 (45.2%), 72 (30.1%), and 59
(24.7%) patients in the RDW normal, decreased, and
increased groups, respectively. The proportions of patients
with previous smoking history and currently smoking were
47.3% and 19.7%, respectively. The clinical characteristics
of each group are shown in Table 1. Compared with the
RDW normal group and the RDW decreased group, the
RDW increased group had a higher white blood cell count
(p=0.025), neutrophil count (p=0.015), neutrophil-tolymphocyte ratio (p=0.033), platelet-lymphocyte ratio
(p=0.015), and C-reactive protein levels (p=0.018), but
lower hemoglobin levels (p=0.031). Compared with the
first two groups, the RDW increased group had higher 30day all-cause readmission rate (p=0.003).
Thirty-three patients (13.8%) returned to the hospital
within 30 days after discharge. The 30-day all-cause read
mission rate was 9.3% (n=10), 9.7% (n=7), and 27.1%

Figure 1 Flow diagram of enrolled patients.
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(n=16) in the RDW normal, decreased, and increased
groups, respectively (p=0.003). pH<7.35 at discharge
(p=0.041), coronary heart disease (p=0.005), Charlson
comorbidity index (p=0.011) and increasing RDW group
(OR: 3.45, 95% CI: 1.39–8.58, p= 0.008) were the only
variables associated with 30-day readmission in AECOPD
patients (Table 2). Then, we evaluated the prognostic value
of increasing RDW for 30-day readmission, and the nega
tive predictive values of increasing RDW were 90.6%. We
used Cox regression model to generate an adjusted survi
val curve for each RDW group (p= 0.015) (Figure 2).

Discussion
To our knowledge, this is the first study to investigate the
relationship between dynamic changes in RDW and prog
nosis in patients with AECOPD. In this retrospective
investigation, we confirmed that a dynamic increase in
RDW is independently associated with an increased risk
for 30-day readmission of patients with AECOPD.
Although an elevated RDW is related to prognosis in
a variety of diseases, the pathophysiological mechanism
involved in this process has not been fully understood.
Thus, we attempted to provide a reasonable explanation
for the link between an increase in RDW and the 30-day
readmission rate.
Firstly, in response to decreased oxygen partial pres
sure, the renal cortex secretes erythropoietin into the cir
culation via hypoxia-inducible transcription factors.10
Erythropoietin induces the formation of enlarged red
blood cells, which can alter the RDW value.10 Although
chronic and profound hypoxemia are easily diagnosable in
clinical practice, the diagnosis of intermittent hypoxemia
is challenging. An increase in RDW may also play a role
in the early diagnosis of intermittent hypoxia.17 A high
RDW value may be a more reliable marker of tissue
hypoxia.18 Previous studies demonstrated that hypoxia
may contribute to an increase in cardiac load and risk for
cardiovascular events.19 Therefore, high RDW values may
be predictive of poor prognosis due to tissue hypoxia.
Secondly, studies have indicated that high RDW values
are associated with inflammation and oxidative stress.
Inflammatory cytokines inhibit erythropoietin-induced
maturation and proliferation of erythrocytes, which leads
to the release of immature erythrocytes into the circulation
and an increase in RDW.20 Evidence suggests that red
blood cells are highly sensitive to oxidative stress, which
shortens their life span and increases the RDW.21 It has
been shown that the RDW increases under stress
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Table 1 Baseline Characteristics of Three Groups
Variable

Normal Group

Decreasing Group

Increasing Group

(n=108)

(n=72)

(n=59)

p value

Age, years (IQR)

72 (64, 81)

73 (65, 80)

73 (62, 82)

0.893

Male gender, n (%)

89 (82.4%)

61(84.7%)

49 (83.1%)

0.919

Current smoker, n (%)
Charlson comorbidity index, (IQR)

24 (22.2%)
5 (4, 6)

11 (15.3%)
5 (4, 6)

12 (20.3%)
5 (4, 6)

0.513
0.522

Heart rate, beats/min (IQR)

72.25 (82.00, 92.75)

72 (82, 86)

80 (72, 91)

0.256

Respiratory rate, breath/min (IQR)
SO2<90% at admission, n (%)

19 (20, 23)
44 (40.7%)

20 (20, 23)
28 (38.9%)

19 (20, 23)
24 (40.7%)

0.734
0.966

Systolic blood pressure, mmHg (SD)
Hypertension, n (%)

120.19±15.37
39 (36.1%)

116.32±13.57
22 (30.6%)

116.54±15.95
13 (22.0%)

0.155
0.171

Diabetes, n (%)

25 (23.1%)

9 (12.5%)

10 (16.9%)

0.453

CHF, n (%)
CHD, n (%)

36 (33.3%)
25 (23.1%)

25 (34.7%)
23 (31.9%)

24 (40.7%)
12 (20.3%)

0.629
0.258

Malignant tumor, n (%)

10 (9.3%)

9 (12.5%)

8 (13.6%)

0.654

ICU admission, n (%)
WBC,10^9/L (IQR)

13 (12.0%)
8.35 (6.40, 10.43)

5 (6.9%)
7.05 (5.72, 9.48)

6 (10.2%)
8.30 (6.50, 11.40)

0.539
0.025

Neutrophils,10^9/L (IQR),

6.25 (4.22, 8.87)

4.78 (3.58, 7.27)

6.56 (4.72, 9.79)

0.015

Lymphocytes,10^9/L (IQR)
NLR, (IQR)

1.20 (0.78, 1.73)
4.77 (2.93, 10.42)

1.30 (0.79, 1.68)
3.84 (2.04, 8.00)

1.02 (0.82, 1.37)
6.04 (4.12, 10.94)

0.123
0.033

Hemoglobin, g/L (SD)

130.76±18.39

126.01±26.25

121.39±22.83

0.031

PLT, 10^9/L (IQR)
PLR, (IQR)

208.5 (168.0, 254.8)
173.8 (110.6, 258.3)

188.0 (140.5, 264.8)
167.1 (97.0, 230.5)

218.0 (174.0, 293.0)
216.5 (148.8, 308.2)

0.109
0.015

PDW, fL (IQR)

12.6 (11.3, 14.2)

12.7 (11.3, 14.6)

12.9 (10.7, 14.2)

0.718

C-reactive protein, mg/l (IQR)
Procalcitonin>0.05, n (%)

35.2 (9.3, 98.9)
54 (50%)

12.59 (4.6, 36.1)
32 (44.4%)

20.1 (7.2, 100.5)
32 (54.2%)

0.018
0.530

D-dimer, ug/mL (IQR)

0.61 (0.40, 1.22)

0.80 (0.51, 1.88)

0.87 (0.51, 1.39)

0.055

Creatinine, ummol/l (SD)
pH<7.35, n (%)

69.30±40.47
25 (23.1%)

70.86±47.62
15 (20.8%)

62.47±27.60
13 (22%)

0.452
0.935

PaCO2>45mmHg, n (%)

60 (55.6%)

33 (45.8%)

34 (57.6%)

0.322

PaO2<80mmHg, n (%)
Length of stay, days (IQR)

75 (69.4%)
10 (8,14)

42 (58.3%)
11 (8,15)

45 (76.3%)
10 (8,13)

0.082
0.673

30-day readmission, n (%)

10 (9.3%)

7(9.7%)

16 (27.1%)

0.003

Number of admissions due to acute exacerbations during the
previous year, (IQR)

0 (0, 1)

1 (0, 1)

0 (0, 1)

0.070

Abbreviations: COPD, chronic obstructive pulmonary disease; SO2, oxygen saturation; ICU, respiratory intensive care unit; CHF, chronic heart failure; CHD, coronary
heart disease; WBC, white blood cell; NLR, neutrophil-lymphocyte ratio; PLT, platelets count; PLR, platelet-lymphocyte ratio; PDW, platelet distribution width; PO2, partial
pressure of oxygen; PCO2, partial pressure of carbon dioxide.

conditions, such as iron, vitamin B12, and folic acid
deficiency.22 Therefore, the presence of intense inflamma
tion and oxidative stress may explain the correlation
between high RDW values and disease prognosis.
Based on the current findings, the RDW is a marker of
inflammation, disease severity, comorbidities, and prognosis
in patients with COPD. Tertemiz et al showed that the RDW
can be used as a marker of COPD severity.23 Subsequently,
Kalemci confirmed the previously reported results.24 The
RDW can also be used to predict high risk for COPD com
plicated with pulmonary hypertension,25 pulmonary
embolism,26 and pulmonary heart disease.27 A study of 307
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patients concluded that the RDW also has clinical diagnostic
value for depression and/or anxiety associated with
AECOPD, and may become a new indicator of inflammation
in AECOPD.28 A retrospective study conducted by Epstein
et al confirmed that an increased RDW is related to 60-day
readmission of patients with AECOPD. Moreover, the study
showed that chronic heart failure and discharge pH <7.35 are
also risk factors for the readmission of patients with COPD.29
Hu et al investigated the relationship between the RDW and
acute exacerbations of COPD. They concluded that the RDW
is a strong and independent risk factor for hospitalization and
1-year death in patients with AECOPD.30
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Table 2 Logistic Regression Analysis Between Demographic Factors, Vital Signs at Admission, Laboratory Test Results and 30-Day
Readmission
Variable

Univariate Analysis

Multivariate Analysis

OR (95% CI)

p-value

OR (95% CI)

p-value

Age
Male gender

1.01 (0.97–1.04)
0.89 (0.34–2.32)

0.744
0.811

Current smoker

1.37 (0.58–3.27)

0.477

Charlson comorbidity index
Heart rate at admission

1.15 (0.95–1.40)
0.97 (0.94–1.01)

0.164
0.123

1.38 (1.08–1.76)

0.011

Respiratory rate at admission

1.00 (0.90–1.13)

0.942

SO2<90% at admission
Systolic blood pressure<100mmHg at admission

0.61 (0.28–1.34)
1.04 (0.29–3.76)

0.216
0.947

Hypertension

0.68 (0.29–1.59)

0.371

Diabetes
Chronic heart failure

0.96 (0.31–2.94)
1.04 (0.49–2.24)

0.936
0.918

Coronary heart disease

0.26 (0.08–0.89)

Malignant tumor
Group: Normal group

2.50 (0.97–6.50)
–

0.032

0.13 (0.03–0.54)

0.005

0.059
–

Decreased group

–

–

1.06 (0.38–2.91)

0.917

1.12 (0.39–3.20)

0.828

Increased group
Hemoglobin

3.65 (1.53–8.68)
1.00 (0.99–1.02)

0.003
0.766

3.45 (1.39–8.58)

0.008

C-reactive protein

1.00 (0.99–1.00)

0.373

Procalcitonin>0.05
pH<7.35 at discharge

0.72 (0.34–1.52)
2.30 (1.05–5.05)

0.391
0.038

2.43 (1.04–5.69)

0.041

PaCO2>45mmHg at discharge

1.42 (0.67–3.01)

0.356

PaO2<80mmHg at discharge
Length of stay

0.94 (0.43–2.06)
0.97 (0.90–1.04)

0.883
0.368

Hospitalized due to AECOPD during the previous year

1.43 (0.68–3.03)

0.347

Abbreviations: OR, odds ratios; 95% CI, 95% confidence intervals; RDW, red cell distribution width; SO2, oxygen saturation; PO2, partial pressure of oxygen; PCO2,
partial pressure of carbon dioxide.

An increased RDW is closely associated with the
severity of COPD. In addition, it acts as a sign of pulmon
ary hypertension and right heart dysfunction, which can
assist in the prompt identification of COPD patients with
acute heart failure.25,31,32 In short, a high RDW value is
the result of a combination of multiple factors. The corre
lation between the RDW and inflammation, oxidative
stress, tissue hypoxia, disease severity, and heart failure
may help researchers understand the relationship of this
marker with poor outcomes in patients with AECOPD.
The RDW increases in response to the destruction of red
blood cells or impairment of their production.18 Certain
pathological conditions in the organism may promote the
occurrence and development process of RDW increasing.10
The duration of an elevation in the RDW depends on the
duration of the stimulus (disease episode) and the subse
quent persistence of the RDW signal.10 Severe and complex
disease conditions can also prolong the duration of RDW
elevation.10 Therefore, we suggest that the dynamic increase

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

of the RDW could accurately reflect the changes in under
lying disease. Earlier studies of acute heart failure performed
by Makhoul et al confirmed that dynamic measurements of
the RDW have stronger prognostic capacity than single
measurements.11 Furthermore, Uemura et al demonstrated
that change in the RDW independently predicts adverse
outcomes in patients with acute decompensated heart
failure.14 Regarding chronic heart failure, a retrospective
study of 6159 patients indicated that a progressive increased
in the RDW is related to poor outcomes in such patients.9
Kim also suggested that a dynamic increase in the RDW is
a promising independent prognostic indicator in patients
with severe sepsis or septic shock.13 Similarly, Ju et al
showed that a dynamic increase in the RDW was more
useful in predicting prognosis among elderly patients with
septic shock.33 Yoon et al proved that a dynamic increase in
the RDW predicts the occurrence of adverse events in
patients with end-stage renal disease.15 The study conducted
by Yazıcı on pulmonary embolism also confirmed the
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Figure 2 Adjusted survival curve for 30-day all-cause readmission according to RDW group (p=0.015).

importance of the dynamic measurement of the RDW.12
Considering the aforementioned previous studies, the pre
sent findings suggest that a dynamic increase in the RDW
may be more valuable in the prognosis of patients with
AECOPD.

Research Limitations
There were some limitations in this study. Firstly, this was
a single-center retrospective study with a limited sample,
no formal sample size calculations were performed.
Secondly, the RDW is affected by a number of factors
that were not assessed in this investigation, including
iron, folic, and vitamin B12. Thirdly, we did not discrimi
nate respiratory system readmission from all-cause read
mission. Fourthly, we were unable to include some
patients in the study analysis due to their lung function
results at different hospitalization periods. Nevertheless,
all included patients underwent at least one lung function
test to support the diagnosis. Finally, it is uncertain
whether changes in the RDW occurring within 4 days
can accurately represent pathophysiological changes of
the disease. However, the measurement time and grouping
of the RDW were conducted strictly in accordance with
the protocols of previous studies.

help physicians in identifying patients at high risk of shortterm adverse outcomes. This cost-effective and common
laboratory parameter provides useful prognostic informa
tion and may improve decisions regarding discharge from
hospital. Patients with a dynamic increase in RDW should
be managed more carefully and closely to improve their
clinical prognosis. Furthermore, use of the RDW can
reduce the medical cost associated with repeated hospita
lization and reduce the waste of medical resources.

Abbreviations
RDW, red cell distribution width; COPD, chronic obstruc
tive pulmonary disease; AECOPD, acute exacerbation of
chronic obstructive pulmonary disease; OR, odds ratios;
95% CI, 95% confidence intervals.

Data Sharing Statement
Data for this study are available from the corresponding
author.

Acknowledgments
Thanks to Yulan Zeng MD for her suggestions on the
revision of the article and her help with the language
editing.

Conclusions
A dynamic increase in RDW is an independent prognostic
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