Red Blood Cell Distribution Width in Patients with Chronic Obstructive Lung Diseases: Alteration due to Severity of Exacerbation.
Introduction
Red Cell Distribution Width (RDW) is a well-known parameter that can be easily obtained from complete blood count measurement. Diameter of red blood cell is affected during chronic inflammatory diseases and level of RDW is mainly increased (1-4). The presence of chronic inflammation increases inflammatory markers which cause cellular membrane destruction and increased permeability, eventually leading to red blood cell deformation and increased level of RDW (2). RDW is mainly used for the diagnosis of microcytic anemia and had a prognostic value for congestive heart failure (CHF), coronary heart diseases (CHD) and pulmonary arterial hypertension (PAH) (1-3). Recent studies also showed RDW as a mortality predictor for elderly patients (2,4).  
Chronic obstructive pulmonary disease (COPD) is a chronic systemic inflammatory disease of bronchial tree predominantly small airways, alveolar epithelial and pulmonary endothelial cell (5). RDW is frequently evaluated in patients with stable COPD and predicts long term prognosis. The studies reported that the increased RDW levels in patients with stable COPD had poor prognosis (1,2,4). RDW levels increase in infectious diseases, mainly in sepsis (4). There is no adequate study that investigate the correlation between the RDW levels and the severity of COPD exacerbation. 
In the present study, we hypothesized that the level of RDW predicts the severity of acute exacerbation of COPD (AECOPD). The levels of RDW might be an attractive option as a prognostic marker in AECOPD due to its simplicity and cost-effectiveness.
Methods: 

Study Design: 

This study was designed as retrospective observational cross-sectional and conducted in tertiary center for chest diseases training hospital’s outpatient clinic, ward and intensive care unit between January 2015- December 2015. 

The study was approved by Health Sciences University Sureyyapasa Pulmonary Disease and Pulmonary Surgery Training and Research Hospital, ethical commitee  (05.11.2020/116.2017.198) and it was conducted in accordance with the ethical principles stated in the Declaration of Helsinki. Due to retrospective nature of the study, patient’s signed informed consent was not asked since this was waived by the Scientific Research Committee. All patients’ ID informations was protected strictly. 
Patients: 

We included patients with previously diagnosed COPD by a pulmonary specialist according to guidelines (5,6). Patients with coexistent disease as; malignancy, pneumonia, rheumatological disease, interstitial lung disease, asthma, rhinitis, neurological disease, chronic renal and liver disease were excluded from the study. Also, patients with missing complete blood count and anemia were excluded. COPD patients were treated with standard medical therapy as; inhaled bronchodilators, oxygen supplementation, systemic corticosteroids, antibiotics and NIMV/IMV if needed. The patients flow chart is summarized in figure 1.

Patients were divided into three groups according to their location as; outpatient clinic, wards and intensive care unit.  COPD patient’s follow-up in outpatient clinic, hospitalization to ward and to ICU were evaluate according to international and national guidelines (5,6). 
Criteria for admission to the ward; increase in intensity of symptoms, severe underlying COPD, onset of new physical signs, failure of an exacerbation to respond to initial medical management, presence of serious comorbidities, frequent exacerbations, older age, and insufficient home support (5).
Criteria for admission to the ICU; severe dyspnea that responds inadequately to initial emergency therapy, changes in mental status (confusion, lethargy, coma), persistent or worsening hypoxemia and/or severely worsening respiratory acidosis despite supplemental oxygen and noninvasive ventilation, the need for invasive mechanical ventilation, and/or hemodynamic instability (5).
Definitions:

COPD: The COPD diagnosis was established with international guideline criteria by a pulmonologist evaluated airflow obstruction on spirometry (ie, FEV1 < 70% predicted and FEV1 and forced vital capacity [FVC] ratio < 70%) (5). Spirometry values were not recorded because of absence of electronic database. 
Acute Exacerbation of COPD (AECOPD): Acute change in patient’s respiratory symptoms as dyspnea, sputum production and volume, change in colour of sputum and requires change in current medical therapy (5). 
RDW groups: RDW was defined as <0.11% (low RDW), 0.15% and> (high RDW) and between 0.11-0.15% (normal RDW).
Neutrophil lymphocyte ratio (NLR): NLR was defined as neutrophil absolute number count divided to lymphocyte absolute number count. 
Mean platelet volume/Platelet ratio (MPV/Plt): The ratio of mean platelet volume to platelet count.
Recorded data:

Patient demographic characteristics, complete blood count, RDW, C-reactive protein (CRP), current biochemical values were recorded from the hospital-based electronic system. CBC counts including leucocyte, neutrophil, lymphocyte, eosinophil, platelet, MPW and RDW were determined using Coulter LH 780 Hematology Analyzer (Beckman Coulter, Atlanta, GA, USA). CRP was measured with nephelometric method using BN II System (Siemens, Munich, Germany) and normal range is 0-5 mg/L. 
Statistical Analysis: 
A descriptive analysis was performed to investigate the patient demographics and data. The groups were compared with the Mann–Whitney U-tests and the Student’s t-tests for the nonparametric and parametric continuous variables, respectively. The chi-square test was used for the dichoto​mous variables. The median with interquartile range was employed for the nonparametric continuous variables, and the mean ± standard deviation was used for the parametric continuous variables. Counts and percentages were used when applicable. The ANOVA (mean and standard deviation) or Kruskal Wallis test (median and quartile ratio) were used in three groups according to the distribution of continoues variables. Dichotomized values (ie. Gender, RDW groups) were analyzed by Chi-square test. A p-value ,0.05 was accepted as statistically significant. The SPSS-20 portable package program was used to perform the statisti​cal analyses (SPSS v20.0; IBM Corporation, Armonk, NY, USA).
Results: 

In the study period 8624 patients with COPD were admitted to hospital, 2771 of them meet the inclusion criteria (Figure 1). Patient were divided according to hospital admission place; 1429 out-patients, 1156 wards and 186 IUC were included in the study (Figure 1). Demographic characteristics and complete blood count values of COPD groups are summarized in Table 1.
Table 2 shows the comparison of inflammatory markers in COPD patients on the day of admission to outpatient clinic, ward, and ICU. Proportional to the disease severity leucocyte, NLR and CRP values increases. Contrarily the RDW values decreases in out-patients, wards and IUC patients (p <0.001).

Figure 2 shows, lower RDW values (RDW < 0.11) increased significantly (from out-patient clinics to intensive care unit) in COPD exacerbations (%31, %66, %83 respectively) and a significant decrease in high RDW (RDW => 0.15) values (%54, %24, %10 respectively) (p <0.001). Patients with   exacerbations of COPD increased low RDW values and decreased high RDW values according to the severity of exacerbation. Figure 2 shows the distribution of RDW groups.
Discussion: 

In the present study found that the patients with AECOPD, despite the other inflammatory markers (ie CRP, NLR, Leucocyte), RDW values were decreased as the severity of exacerbation increases through out-patient clinic, ward and ICU respectively. Lower RDW values was determined in severe COPD exacerbations from out-patient clinics to intensive care unit.
Seyhan et al’s study which was conducted in the stable COPD patients (n=270) elevated RDW levels (n=108) were associated with increased mortality also Tertemiz and coworkers showed that the highest RDW values was observed in the severe stage of COPD (n=22) (1,2). In the present patients with AECOPD were included into the study with mild to severe exacerbation that can be managed in the outpatient clinic’s RDW values were found to be increased (%16). However, in our study also reveal that, despite the increase of RDW values in mild AECOPD, RDW values were decreased in moderate and severe AECOPD that requires admission to ward and ICU.
Sepsis syndrome effects erythropoiesis through various mechanisms and inflammatory markers affect RBC survival (4). Jandial et al studied RDW values in n=200 patients with severe sepsis; they showed that increased RDW values were significantly associated with 30 days-mortality, but it was not found to be an independent predictor of mortality (4). In the current study, only AECOPD patients were evaluated, COPD patients with pneumonia were excluded and on the contrary RDW values were decreased as the increased of severity of AECOPD. 
RDW values among healthy controls, stable COPD and AECOPD were evaluated by Şahin et al, and increased RDW values (RDW= 15.19 %) were found in AECOPD patients, likewise in the current study mild exacerbation that can be managed in the outpatient clinic RDW values were found to be increased (RDW= 16%) (7). However, in moderate and severe AECOPD which requires admission to ward and ICU, and decreased RDW values were determined in the present study.  Besides, compared with the Şahin and coworkers’ study, our study population was nearly 5 times greater and patients with anemia was excluded. RDW may also be increased by the presence of anemia, blood transfusion in last three months and dietary status (iron, folate and vitamin B12 deficiency) (8).  In present study, the dietary status and blood transfusion were not evaluated.
RDW and MPV values were evaluated in COPD patients with pulmonary heart diseases in Bai and coworkers’ study, the elevated RDW values were found to be correlated with the severity of COPD. In the current study, the severity of COPD was not evaluated, meanwhile, according to increasing the exacerbation severity of COPD, the RDW values were found to be decreased. In Bai et al. study only 23 severe cases were evaluated besides in the present study among the 2771 patients, 1156 moderate and 186 severe AECOP was investigated (9).
In Günay, et al. study among the 269 COPD patients, in AECOPD NLR values were found to be increased compared with stable disease and healthy controls (4.28±4.12, 2.56±1.79, 1.71±0.65 respectively).  Besides in the same study no correlation was found between the NLR values and diseases severity (10). Similarly, in the present study NLR values were increased incrementally according to severity of AECOPD which requires outpatient clinic, ward, and ICU admission (3.72±2.40-5.65, 6.77±3.91-13.01, 13.27±7.33-24.27 respectively). NLR and CRP levels were increased in non-survivor patients with AECOPD (14.61±10.10, 80.76±92.49 respectively) in Yao et al. study (11). Accordingly, in the present study NLR and CRP values were increased proportionally due to severity of the exacerbation from outpatient clinic to ICU.
In recent studies, among the patients with COPD, MPV values were found to be elevated both in acute exacerbation and stable status similarly in the present study MPV values were increased while the severity of the exacerbation increases. (9,12). Additionally, Kalemci et.  al showed that as the severity of the exacerbation increases from mild to severe MPV values were increases (7.6 fl, 8 fl, 8.8 fl, 9.6 fl, p<0.001 respectively) (13).  Hlapcic et al.reported  that  MPV/Plt values were found to be better predictor in distinguishing COPD from healthy controls ( 0.041, 0.047 respectively) (14). In the current study healthy controls was not compared with the COPD patients, and MPV/Plt values were decreased as the severity of the exacerbation was increased.
This study has several limitations. First, this is a retrospective single centered study, so our results may be confounded by unmeasured covariates. Second, some possibly interesting data are lacking: iron status, folate and vitamin B12. Third, we included patients with AECOPD requiring hospital admission, so it is difficult to apply our results generally to the other COPD population.
Conclusion: 
In most patients with COPD exacerbations, the RDW value falls below normal range. Patients with AECOPD with lower RDW values should be considered carefully. Lower RDW can be used for decision of COPD exacerbation severity and follow up treatment response.
Rapid, easy, and low cost RDW values can be used to determine the severity of AECOPD along with clinical findings, in response to treatment response.
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What is already known about  this topic;

In current studies it has been shown that , elevated red blood cell distribution width (RDW) levels were associated with mortality in patients with stable chronic obstructive lung diseases

What does this article add; 
Currently  , there are limited data about RDW levels in COPD exacerbation. In the present study, the association of the RDW levels according to  the severity of the acute exacerbation of COPD (AECOPD) were evaluated due to admission location, (outpatient-clinic, ward and intensive care unit (ICU).
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Legends
Figure Legend

Figure 1. Flow Chart of the study.
Figure 2. Red blood cell distribution in patients with acute exacerbation of chronic obstructive pulmonary disease

Table Legends

Table 1. Demographic characteristics and complete blood count values of COPD groups

Table 2. Comparison of inflammatory markers in COPD patients on the day of admission to outpatient clinic, ward, and ICU

