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Objectives: To investigate the relationship of the
erythrocyte distribution width (RDW)/albumin
ratio on hospital length of stay (LOS) and prognosis
in patients hospitalized with chronic obstructive
pulmonary disease (COPD) exacerbation.

Methods: Patients hospitalized in our clinic for
COPD exacerbation were retrospectively analyzed.
Demographic characteristics, comorbidities,
pulmonary function tests, arterial blood gas, history
of hospitalization due to exacerbation in the last year,
LOS, C-reactive protein, RDW, albumin, platelet

counts, and 30-day mortality status were recorded.
Significant cut-off RDW/albumin ratio values that
could predict hospitalization for 10 days or more were
analyzed.

Results: A total of 58 patients were included in our
study. With a significant cut-off value of 25.22 for
the RDW/albumin ratio to predict a duration of
hospitalization of more than 10 days, a sensitivity
of 68.42% and specificity of 74.36% were obtained.
No significant association was found between the
RDW/albumin ratio and 30-day mortality (p=0.14).
The RDW/albumin ratio (p=0.005) and mortality
(p<0.001) were found to be higher in patients with
an LOS of 10 days or more. The RDW/albumin ratio
and mortality, which were statistically significant
in patients hospitalized for 10 days or more, were
analyzed using logistic regression, and no significant
results were found.

Conclusion: In further analysis results of patients
hospitalized due to COPD exacerbation, there was
no significant relationship between length of hospital
stay, mortality, and the RDW/albumin ratio.
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hronic obstructive pulmonary disease (COPD) is

defined as a widespread, preventable, and treatable
inflammatory disease characterized by persistent airflow
limitation due to abnormalities in the airways or alveoli,
often due to exposure to toxic gases and particles." It is
the 3rd leading cause of death around the worldwide,
especially in low- and middle-income nations.

Chronic obstructive pulmonary disease exacerbation
is defined as an acute worsening of the disease requiring
additional treatment for respiratory symptoms and,
if hospitalization is required, is described as a severe
exacerbation.! The 5-year mortality rate in a patient
with  COPD hospitalized for an exacerbation is
approximately 50%.°

During COPD exacerbation, airway inflammation
and oxidative stress increase. It has been shown that
the neutrophil increase in the airways is correlated
with a decline in forced expiratory volume in the
first second (FEV1) and that this is independent of
bacterial infection.*> Again, while expiratory airflow
limitation and end-expiratory lung volume increase
in exacerbation, inspiratory capacity decreases. As a
result, inspiratory muscle dysfunction, impaired gas
exchange, neuromechanical dissociation, and mucus
hypersecretion lead to an escalation in symptoms such
as dyspnea, cough, and sputum during exacerbation.
In exacerbations, systemic inflammation increases
in addition to airway inflammation. This leads to
atherosclerotic plaque destabilization and increases
the risk of acute coronary syndrome and stroke.”
Considering that hospitalization due to exacerbation
increases the mortality rate in patients with COPD,
there is a need for inexpensive biomarkers that can be
used easily to predict the frequency of attacks, hospital
length of stay (LOS), and mortality.

Erythrocyte distribution width (RDW) is an
inexpensive and easily applicable parameter that reflects
the degree of heterogeneity in erythrocyte volume and
is used to define anemia but recent studies have shown
that high RDW levels are associated with mortality
in inflammatory diseases such as cardiovascular
disease, community-acquired pneumonia, sepsis, and
COPD.%"2

Albumin is a laboratory test that is routinely
measured in the blood of hospitalized patients and is vital
for modulating oncotic pressure. It also contributes to
anti-inflammatory effects, reduces oxidative stress, and
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inhibits endothelial cell apoptosis.'”® Hypoalbuminemia
has been associated with increased mortality in
COPD."P

The RDW/albumin ratio is a combination of RDW
and albumin and is considered a new inflammatory risk
marker calculated as the ratio of RDW to serum albumin
(%/g/dL). In the literature, it has been associated with
mortality in patients with diabetic ketoacidosis, heart
failure, and acute respiratory distress syndrome.'*'®
However, only a study have investigated the association
of RDW/albumin ratio with mortality in COPD."
Qiu et al” found that a high RDW/albumin ratio was
correlated with in-hospital mortality in a study carried
out on patients with COPD admitted to the intensive
care unit (ICU).

In our study, we pointed to investigate the
relationship between the RDW/albumin ratio on
mortality, frequency of attacks, and LOS in patients
hospitalized for COPD exacerbation.

Methods. Patients who were admitted to the
Chest Diseases Clinic of Dr. Luth Kirdar City
Hospital, Istanbul, Turkey, between June 2019 and
January 2020 with the diagnosis of COPD exacerbation
were retrospectively examined. Patients with missing
RDW and albumin data, concomitant pulmonary
embolism with COPD, lung cancer, pneumothorax,
hematologic diseases, those who were transferred to the
ICU within 24 hours of being admitted to the hospital,
and patients aged under 40 years were excluded from
the study (Figure 1).

The study protocol was affirmed by the ethics
committee of Dr. Lutfi Kirdar City Hospital, Istanbul,
Turkey (Decision no.: 2023/514/250/21) and carried
out in agreement with the Declaration of Helsinki.

Gender, age, body comorbidity (diabetes,
cardiovascular  diseases, hypertension, and renal
dysfunction), body mass index (BMI), arterial blood
gases during hospitalization, serum C-reactive protein
(CRP), albumin level, RDW percentage, platelet counts,
pulmonary function tests, history of hospitalization for
an attack in the last year, LOS, discharge, and death
status were recorded.

Significant cut-off values of the RDW/albumin ratio
that could predict hospitalization for 10 days or more
were analyzed.

The primary outcome of this study was the 30-day
mortality, and the secondary outcome was the LOS.

Statistical analysis. Data were analyzed using the
Statistical Package for the Social Sciences, version 25.0
software package (IBM, Armonk, NY, USA). The

normality of variable distribution was examined using
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histogram graphs and the Kolmogorov-Smirnov test.
Median, mean, standard deviation (SD), interquartile
range (IQR), and minimum-maximum values are used
to present descriptive analyses. Categorical variables
were compared using the Chi-square test. The Mann-
Whitney-U test was used to analyze non-normally
distributed (nonparametric) variables between 2 groups.
Spearman’s correlation test was used to analyze the
measured data with each other. Factors affecting a length
of stay of 10 days or more were examined using binary
logistic regression analysis. Significant cut-off values
were investigated using receiver operating curve (ROC)
analysis. P-values of <0.05 were considered significant.

Results. The study included 58 patients hospitalized
for COPD exacerbation. The mean age of the patients
was 71 (48-91) years, and 40 (68.97%) patients were
male. In pulmonary function tests, the mean FEVI
values were found as 42% (range: 19-93). The median
value for albumin was found as 3.35 (2.4-4.2) g/dL,
RDW a median value of 17% (10.4-19%) in RDW,
and a median value of 5 (3.15-7.5) in RDW/albumin
ratio, at admission (Table 1).

According to the hospitalization LOS, patients
were divided into 2 groups: 10 days or more and less
than 10 days. When the 2 groups were compared, no
significant difference was detected between age, gender,
comorbidity, BMI, FEV1, and arterial blood gases
(»>0.05).

The RDW/albumin ratio (p=0.005) and mortality
(»<0.001) were found to be significantly higher in the
group with a hospital LOS of 10 days or more (Table 2).

Table 1 - General characteristics of the patients.

Characteristics n=58
Age (year)’ 71 (48-91)
Gender, male (n [%]) 40 (68.97)
Comorbidity, n (%) 37 (63.8)
History of hospitalization in the last year, n (%) 26 (44.83)
Body mass index (kg/cm?)’ 25 (18-51.4)
FEV1/FVC 49 (30-70)
FEV1(%)" 42 (19-93)
CRP (mg/dL)’ 45 (3-175)
Albumin (g/dL)’ 3.35 (2.4-4.2)
RDW" 17 (10.4-19)
RDW/albumin’ 5(3.15-7.5)
LOS+ (n)’ 8(1-17)
Mortality’ 7 (12.07)

"Values are presented as median. LOS: length of stay, FEV1: forced
expiratory volume in the first second, RDW: erythrocyte distribution

width, CPR: C-reactive protein

The RDW/albumin ratio and mortality, which
were statistically significant in patients hospitalized for
10 days or more, were analyzed using logistic regression
and no significant results were found (Table 3).

Regarding 30-day mortality, it was determined that
7 (12.1%) patients died. No relationship was found
between RDW/albumin ratio and 30-day mortality
(p=0.14).

The RDW/albumin values were higher in the
group with a history of hospitalization for COPD
exacerbation in the last year compared with the group
without hospitalization (p=0.002). The RDW/albumin
ratio was found to be higher in patients with one or
more comorbidities (p=0.024).

With a significant cut-off value of 25.22 for the
RDW/albumin ratio to predict an LOS of 10 days or
more, 68.42% sensitivity, 74.36% specificity, 56.52%
positive predictive value (PPD), and 82.86% negative
predictive value (NPD) were obtained (Figure 2a).
With a significant cut-off value of 25.45 to predict
hospitalization for COPD exacerbation in the last
year, a sensitivity of 53.85%, specificity of 84.38%,
PPD of 73.68%, and NPD of 69.23% were obtained
(Figure 2b).

A similar correlation was found between RDW/
albumin and CRP (r=0.265, p=0.046), LOS (r=0.2606,
»=0.043), and platelet count (r=0.732, p=0.004,
Figures 3a-c).

Discussion. No significant correlation was found
between RDW/albumin ratio at admission and
30-day mortality in patients hospitalized for COPD
exacerbation in this study. Although RDW/albumin
ratio and mortality were found to be higher in patients
hospitalized LOS for 10 days or more, no difference was
found after further analyses.

The RDW is a routine component of the hemogram,
which shows heterogeneity in erythrocyte size and is
used as a laboratory value for anemia.*® The RDW is
considered to be strongly correlated with inflammatory
parameters such as CRP and erythrocyte sedimentation
rate and therefore may be used as an inflammatory
parameter.”’ A similar correlation was found in our
study between RDW/albumin and serum CRP (r=0.26,
=0.0406) and platelet counts (r=0.73, p=0.004) among
inflammation parameters.

Studies have shown that high RDW can be used
as an indicator of worse prognosis in COPD.'*** In a
study carried out by Rahimirad et al'* on 330 patients,
it was found that high RDW values at admission
were associated with in-hospital mortality (p=0.002)
in patients hospitalized for COPD exacerbation. The
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Table 2 - Clinical outcomes of patients with chronic obstructive pulmonary disease in the matched cohorts.

Characteristics LOS <10 days LOS =10 days P-values
Age (year)’ 69 (62-75) 72 (62-74) 0.635%
Gender, male (n [%])’ 60 (61.22) 25 (55.56) 0.5217
Comorbidity, n (%) 46 (46.94) 29 (64.44) 0.0527
History of hospitalization in the last year, n (%) 40 (40.82) 22 (48.89) 0.366
Body mass index (kg/cm?)’ 25.05 (22.6-27.7) 24 (22.04-26.89) 0.143%
FEV1/EVC 52 (39.5-60) 45 (37-59) 0.379%
FEV1 (%) 38 (29.5-49.5) 38 (30-53) 0.930°
pH’ 7.37 (7.31-7.43) 7.35(7.32-7.4) 0.379%
pCO, mm Hg' 53.1 (44-65.9) 55 (46-65) 0.490°
pO, mm Hg* 56 (48.8-66.9) 54 (49-60.2) 0.609°
HCO3 mmol/L’ 28 (26-30) 27 (25-29) 0.437°
Platelet 10°/L° 257 (198-314.5) 242 (191-293.9) 0.480°
RDW/albumin” 5 (4.36-5.31) 5.48 (5-6.07) 0.005°%
CRP (mg/dL)’ 40 (15-85) 54 (36-103) 0.078°
Mortality, n (%) 6 (6.12) 14 (31.11) <0.0017

"Values are presented as median and interquartile range (IQR). "Chi-square test, ‘"Mann-Whitney U test. LOS: length of stay,
BMI: body mass index, FEV1: forced expiratory volume in the first second, pH: potential of hydrogen,
pCO,;: partial pressure of carbon dioxide, HCO,: bicarbonate, RDW: erythrocyte distribution width, CPR: C-reactive protein

Table 3 - Logistic regression analysis between mortality and erythrocyte distribution width/albumin.

Variables B SE Sig. OR (95% CI)
Mortality 1.131 0.911 0.214 3.1 (0.52-18.4806)
RDW/albumin 1.116 0.735 0.129 3.054 (0.723-12.907)

RDW: erythrocyte distribution width, SE: standard error, Sig.: significant, OR: odds ratio, CI: confidence interval

n=133 COP Execarbation

n=2 Hematological diseases
(Excluded)

n=1 Pneumothorax (Excluded)

-

n=22 Lung cancer (excluded)
n=6 pulmonary embolism (excluded)

n=82 COPD Execarbation

n=16 Laboratory parameters are

missing (Excluded) <

n=8 Transfer to the intensive care
unit within 24 hours (Excluded)

Figure 1 - Patient selection flowchart.
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Figure 3 - Spearman correlation test. A) x=RDW/albumin, y=C-reactive protein (CRP). B) x=RDW/albumin, y=the number
of hospitalization days (LOS). C) x=RDW/albumin, y=platelet counts. RDW: erythrocyte distribution width.

precise mechanism is unclear; however, it is thought
that acute hypoxia causes a significant increase in
serum erythropoietin levels, thus, being able to induce
the formation of enlarged erythrocytes, which in turn
causes an increase in RDW.*

Similarly, albumin levels as a marker of inflammation
were shown to be associated with poor prognosis in

COPD exacerbation. Connors Jr et al** found that
hypoalbuminemia was associated with poor prognosis
in a prospective study of 101 patients hospitalized
with severe COPD exacerbation. Low albumin levels
play a pro-inflammatory role and are associated with
increased oxidative stress, platelet activation, and
platelet aggregation.” The RDW/albumin ratio is a new
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inflammatory marker and elevated RDW and decreased
albumin levels may predict severe inflammation.
Therefore, the RDW/albumin ratio may reflect
inflammation more accurately than either marker.

There is only one study in the literature
investigating the association of RDW/albumin ratio
with  COPD mortality. Qiu et al retrospectively
analyzed 1174 patients hospitalized in the ICU for
COPD and showed that a high RDW/albumin ratio
(>5.315%/g/dL) was associated with hospital mortality
(p<0.001). By contrast, in our study, the RDW/
albumin ratio was examined in patients with COPD
hospitalized in the general ward, and the result was
found to be unrelated to mortality (p=0.14). This may
be primarily due to our small number of patients and
the lower mortality expectation of patients in the ward
compared with those in the ICU.

In our study, with a significant cut-oft value of
>5.22%/g/dL for the RDW/albumin ratio to predict
an LOS of 10 days or more, a sensitivity of 68.42%,
a specificity of 74.36%, PPD of 56.52%, and NPD
of 82.86% were obtained. Based on these results, we
think that the RDW/albumin ratio may predict LOS.
The mechanism by which the RDW/albumin ratio
predicts LOS may be explained by possible hypoxia and
increased inflammation.

Comorbidities are common in patients with COPD
and have a significant negative impact on the quality of
life, exacerbation frequency, and survival of patients.?®
In our study, approximately 63% of patients had at
least one comorbidity, and the RDW/albumin ratio
was higher in patients with comorbidities than in those
without (p=0.024).

Severe exacerbations of COPD have been shown to
be associated with poor prognosis. The mortality rate
increases as the frequency of exacerbations necessity
for hospitalization increases. Patients with the highest
mortality risk are those with 3 or more acute COPD
exacerbations.” During COPD exacerbation, oxidative
stress and inflammation increase. In our study, the
RDW/albumin ratio was found to be higher in patients
hospitalized due to exacerbation in the last year
compared with those without hospitalization (p=0.002).

Study limitations. The first limitation of our study
is that it was a single-center study, retrospective, and
only a small number of patients were included. We also
analyzed the measures of RDW and albumin at the time
of admission. Therefore, the values of dynamic changes
in RDW and albumin during hospitalization were not
considered.

In conclusion, our study found no relationship

between LOS (210 days), mortality, and the RDW/

32 Saudi Med J 2024; Vol. 45 (1) https://smj.org.sa

albumin ratio in patients hospitalized for COPD
exacerbation.  Well-designed,  prospective,  and
multicentre studies are necessary to confirm our

findings.
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