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STROBE Statement—checklist of items that should be included in reports of observational studies

Section/item
Item 
No

Recommendation
Reported on Page 
Number/Line 
Number

Reported on  
Section/Paragraph

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract

(b) Provide in the abstract an informative and balanced summary of what was done and what was found

Introduction

Background/ 

rationale

2 Explain the scientific background and rationale for the investigation being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 

methods of follow-up

Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 

selection. Give the rationale for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed

Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 

criteria, if applicable

Data sources/ 

measurement

8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative 

variables

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were 

chosen and why
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Statistical 

methods

12 (a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed

Case-control study—If applicable, explain how matching of cases and controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses

Results

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 

potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 

confidence interval). Make clear which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 

from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study 

on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.
annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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Abstract
Background: Atrial fibrillation (AF) is the leading cause of morbidity and mortality among the elderly patients especially for those in ICU. Previous studies have revealed the alterations of red blood cell distribution width (RDW) levels may be associated with the onset of AF. However, the prognostic value of RDW levels in patients with AF requiring ICU admission remains largely unknown. Thus, this study aims to explore the potential value on predicting in- and out-of-hospital mortality in critically ill patients with AF.
Methods: Data of 7867 critically ill patients with AF were extracted from the Medical Information Mart for Intensive Care (MIMIC) III database. The association between RDW and in-hospital mortality was evaluated by using the multiple logistic regression analysis. Short- and long-term outcomes were compared between the low RDW (≤ 15.3) and high RDW (> 15.3) groups balanced by the propensity score matching (PSM) algorithm.
Results: Analysis of the 7867 patients revealed a linear relationship between RDW and in-hospital mortality. For patients included in the analysis, the elevated level of RDW was associated with increased in-hospital mortality, with the OR increasing from group 2 (OR:1.75, 95% CI: 1.25 to 2.44) to group 5 (OR:3.89, 95% CI: 2.55 to 5.93) as compared to group 1 (RDW ≤ 13). 3841 enrolled patients with records in the Carevue systems were selected by PSM algorithm. The baseline characters were well balanced in 1054 pairs of enrolled patients. A significant lower survival rate was observed in the high RDW group (p < 0.001).
Conclusions: High levels of RDW are related with increased in- and out-of-hospital mortality in critically ill patients with AF. This result suggests that RDW have the potential to predict the mortality of patients with AF in Intensive Care Unit.
Keywords: red blood cell distribution width, atrial fibrillation, propensity score matching, all-cause mortality 
 
  
Introduction
 Atrial fibrillation (AF) is the leading cause of cardiovascular morbidity and mortality among the elderly patients around the world1,2. Also, AF is the most common arrhythmia in patients admitted to ICU 3. Compared with non-AF patients, those with AF in ICU have worse clinical outcomes 4. Multiple risk factors are found to be highly related to the incidence and clinical outcomes of patients with AF5. Meanwhile, several studies have estimated the relation between red blood cell distribution width (AF) and AF. Red blood cell distribution width (RDW) is routinely reported in complete blood count (CBC) tests describing the heterogeneity of the size of circulating red blood cells 6. RDW has been long recognized as an important index for differentially diagnosis of anemia. Recently, several studies revealed the potential role of RDW as a strong independent predictor of morbidity and mortality in various diseases, including AF 7-10. Korantzopoulos et al. reported a higher incidence of new-onset AF after coronary artery by-pass graft (CABG) surgery in the patients with RDW >13.3%11. Similarly, higher level of RDW was also found in the patients diagnosed of non-valvular AF12. Although studies with small sample size have reported the association of increased RDW levels with worse clinical outcomes, the relationship between RDW levels and mortality in the critically ill patients with AF remains unclear13. Therefore, the study between mortality and RDW levels based on sizable samples is beneficial for understanding the clinical outcomes of patients with AF in the critical care unit.
 Therefore, in this study, we intended to perform an observational cohort study using the Medical Information Mart for Intensive Care III (MIMIC-III) database to further investigate the internal association between RDW levels and clinical outcomes of critically ill patients with AF. All the patients diagnosed of AF were stratified based on first RDW test since ICU admission. The relationship between RDW and in-hospital mortality were discussed. In addition, considering the heterogeneity of patients during ICU admission, a propensity score matched (PSM) analysis were performed. To the best of our knowledge, no previous studies have been conducted on the prognostic value of RDW levels in patients with AF requiring ICU admission.
Material and methods
Data source
 This was a retrospective cohort study based on Medical Information Mart for Intensive Care (MIMIC) III (version 1.4) database: a publicly available ICU database published by the Massachusetts Institute of Technology14. Considering all the admitted patients were de-identified for privacy, informed consent was waived. One author (Z S) was approved to access to the database (certification number 8521635) and extracted the data7
Data extraction 
 The following variables were extracted from the MIMIC- III database: demographic data, comorbidities, physiological variables during ICU admission, laboratory parameters, sequential organ failure assessment (SOFA) score and the use of indicated agents. Vasopressor use was defined as the use of medication use of norepinephrine, phenylephrine, dopamine, isoproterenol, epinephrine, vasopressin or dobutamine, while antiarrhythmic drug use was defined as any antiarrhythmic agent use including metoprolol, propranolol, esmolol, atenolol, sotalol, bisoprolol, carvedilol, verapamil, diltiazem, quinidine, flecainide, encainide, propafenone and amiodarone.
Management of missing data
 Missing data were handled according to the missing percentage. For proBNP, more than 20% were missing and were excluded in the following study. For other continuous variables with missing values than 5%, average or median values were selected to replace the missing values.
Study population and stratification method
 Only the patients of the first ICU study were included in this study. Patients were identified as critically ill patients with AF according to ICD-9 code (ICD-9 code = 4273). Patients spent less than 24h in the ICU were excluded. Besides, patients younger than 18 years or older than 89 years were removed. Finally, the patients with RDW records in ICU were enrolled in this study.
 Although previous studies set the normal upper limit of RDW level ranging from 11.5% to 14.5%，the Lowess Smoothing algorithm was used to evaluate the association between hospital mortality and RDW levels15. The optimal cutoff value was determined by calculating Youden index of the receiver operating characteristic (ROC) curve. Subsequently, RDW value was further categorized into 5 groups for constructing logistic models: level 1 (≤ 13), level 2 (> 13 and ≤ 15), level 3 (> 15 and ≤ 17), level 4 (> 17 and ≤ 19) and level 5 (> 19).
Propensity score matching
 PSM was performed to reduce the imbalance between the low RDW and high RDW groups. The baseline characters, comorbidities and indicated drugs were matched using a one-to-one nearest neighbor matching algorithm with a caliper width of 0.05. After matching, survival analysis was performed to explore the role of RDW in the long-term mortality of critically ill patients with AF. Kaplan-Meier curve was adopted to illustrate the survival status and the significance was compared by log-rank test. Finally, 1054 matched pairs were generated for further analyses.  
Definitions and outcomes 
 The primary endpoint was in-hospital mortality, defined as death event before hospital discharge. Secondary endpoints included ICU mortality, hospital and ICU length of stay (LOS). MIMIC contains information collected from Philips Carevue and iMDsoft metaVision systems while Carevue systems contains data of death up to 4 years16. We also explored the relationship between death after discharge from hospital (28-day mortality, 90-day mortality, 1-year mortality, 4-year mortality) and RDW levels in the patients from Carevue. 
Statistical analysis
 Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range). The student’s t-test, Mann-Whitney U test, Wilcoxon rank-sum test were used as appropriate. On the other hand, categorical variables are presented as a percentage and compared using the chi-square test or McNemar test as suitable. Lowess smoother algorithm was used to explore the crude association between RDW levels and hospital mortality. Multivariate logistic regression models were built by selecting the variables identified from the univariate analyses (p < 0.20). A stepwise backward elimination method was used to remove variables with p > 0.05. Variance inflation factors (VIF) was used to evaluate the collinearity. Kaplan-Meier curve was adopted to illustrate the survival status of enrolled patients by log-rank t. All statistical analysis was performed using SPSS version 22.0 and STATA 15.0 (SPSS, Chicago, IL, USA; STATA, College Station, TX, USA). All tests were two-sided with p < 0.05 considered statistically significant.
 
Results
Baseline characters
A total of 7867 patients were enrolled in the final cohort study while 53665 patients were excluded including 15056 repeat ICU admissions, 36778 patients without AF diagnosis, 938 patients spent less than 24 hours in ICU, 783 patients younger than 18 or older than 89 and 110 patients without recording RDW value during ICU admission. In-hospital death occurred in 1052 patients while 6815 patients were still alive at hospital discharge (Figure 1). The initial mortality rate of critically ill patients with AF was 13.4%. The mean age was 72.3 ± 11.0 years and 4712 patients were male (59.9%). 
The baseline characteristics of the survivors and non-survivors are listed in Table 1. First RDW value during ICU admission in the table was defined as the initial RDW detection value in routine blood samples while maximum RDW was selected based on all tested RDW values during ICU stay. Compared with survivors, RDW levels were significant higher in the non-survivors group (p < 0.001). SOFA score was significantly higher in non-survivors (6.0, 3.25-9.0) than the survivors group (4.0, 2.0-6.0). All comorbidities excluding deficiency and diabetes mellitus were significantly different between two groups (p < 0.05). Hypertension and coronary artery disease were more common in the survivors while the incidences of other comorbidities were higher in non-survivors. The first 24h physiological variables assessed by the monitors in the ICU were also extracted. Generally, non-survivors tended to have higher heart rates, respiratory rates as well as lower blood pressure (p < 0.05). Levels of blood creatine and blood urea nitrogen (BUN) were also significantly higher in the non-survivors group. The rate of vasopressor use was higher in the non-survivors than survivors (60.0% vs 48.1%, p < 0.01). Considering anticoagulation therapy was essential for patients diagnosed of AF, we found significant lower usage of warfarin in the non-survivors (48.1% vs 16.6%, p < 0.01). Similarly, the rate of antiarrhythmic therapy was lower in the non-survivors (87.5% vs 77.9%, p < 0.01). All these results indicated more critically illness and potential contraindications of routine anticoagulation and antiarrhythmic therapies for patients who had in-hospital death events. 
Relationship between RDW and in-hospital mortality 
 Next, the relationship between initial RDW value and in-hospital mortality of patients was explored using the Lowess Smoothing algorithm (Figure 2). For patients diagnosed of AF, in-hospital mortality was positively related with increased RDW value (Figure 2A). Considering that heart failure and stroke were lethal complications in patients of AF, subgroup analyses were also executed for patients complicated with congestive heart failure or stroke17. Similarly, elevated RDW levels were correlated with increased in-hospital death events (Figure 2B and Figure 2C). Moreover, the association between RDW levels and in-hospital mortality was also investigated in patients with  deficiency anemia due to the impact of deficiency anemia on RDW value (Figure 2D)18. Generally, a linear-shaped relationship between initial RDW value and mortality was found for patients with AF. However, the association became less clear in the subgroup analyses partly due to the reduced sample sizes. Therefore, further statistical analyses were executed based on all patients diagnosed of AF.
 Due that the linear association was identified, we stratified the patients into two groups by RDW levels. The best cutoff value was selected using the Youden index by building the ROC curve (Figure S1). Crude outcomes were listed in Table 2. The patients with increased RDW levels had higher hospital mortality (20.5% vs 9.7%, p < 0.01) as well as ICU mortality (13.8% vs 7.1%, p < 0.01). Meanwhile, hospital and ICU LOS were also significantly longer in the patients with higher RDW value. 
 To further explore the impact of RDW, RDW value was further stratified into 5 groups with level 1 (≤ 13) was selected as the reference. Laboratory parameters were excluding in the multivariate logistic analysis as for the missing percentage and hypercollinearity with selected covariates. Figure 3 shows that after adjusting for covariates, elevated RDW level was associated with increased hospital mortality in critically ill patients with AF with the OR increasing steadily from level 2 (OR:1.75, 95% CI: 1.25 to 2.44) to level 5 (OR:3.89, 95% CI: 2.55 to 5.93). The ORs of level 4 and level 5 were similar which might be partly related to the small sample size of level 5. 
Propensity score matching 
 Next, we aimed to discover the role of RDW on short- and long-term outcomes of patients survived during the hospital admission. The Carevue system contains data of death up to 4 years. Therefore, 3841 patients were enrolled to investigate the short- and long-term outcomes of critically ill patients with AF. The crude survival curves by RDW were presented in Figure 4A. After PSM, 1054 cases from each group were well matched by a 1:1 matching algorithm (Table 3). The overall propensity score was well balanced after PSM (Figure S2). The heterogeneity between two groups was well minimized with regards to included covariates, such as demographics, comorbidities and indicated agents. After matching, the low RDW groups (RDW ≤ 15.3) had a significantly lower short-term mortality (28-day mortality: 5.1% vs 9.0%, p = 0.001; 90-day mortality: 11.0 vs 19.0%, p < 0.001, Table 4). Similarly, 1-year mortality and 4-year mortality were significantly higher in the patients with RDW > 15.3 (1-year mortality: 36.1% vs 22.1%, p < 0.001; 4-year mortality: 57.8% vs 39.7, p < 0.001). The survival rates were significantly lower in the patients with high levels of RDW (p < 0.001, Figure 4B).
Discussion
 In the current study, we demonstrated that high levels of RDW might be associated with increased in- and out-of-hospital mortality rates. First, RDW value was found to be significantly associated with in-hospital mortality by the multiple logistic regression analysis. Besides, the short- and long-term prediction effects of RDW levels were also discussed in the surviving patients at discharge. In addition, after adjustment for covariates by PSM, RDW values still revealed the good capacity to predict all-cause mortality. To the best of our knowledge, this is the largest cohort study investigating the relation between RDW and mortality in critically ill patients with AF mixed ICU admission.
 AF is a usual sustained cardiac arrhythmia especially for the elderly people, with a lifetime morbidity of 25% 19. The preexistence of AF is associated with complications of heart failure, stroke and heart failure, which are usually lethal for the patients admitted into the ICU. Predicting the mortality precisely might be helpful for ICU physicians to optimize the treatment strategy. Therefore, in this study, we explored the potential value of RDW levels in predicting mortality of critically ill patients with AF. In our study, we found that the value of RDW might be helpful for distinguishing more serious patients. However, the underlying mechanism remained largely unknown. Sustained low-grade inflammation might be an important reason.
There are two requirements for onset of AF: 1) the formation of pathological atrial substrate apt to develop the complex fractionated atrial electrogram (CAFE), and 2) an ectopia arrhythmogenic trigger to induce the outbreak. Acceleration of atrial fibrosis is an important reason of abnormal cardiac substrate remodeling4. Overproduced reactive oxygen species (ROS) and inflammation responses are found to be crucial pathological processes for development of atrial fibrosis. Inflammation in patients diagnosed of AF can arise from different pathways. Patients with AF are found to be related with low-grade inflammation and increased serum proinflammatory cytokines 20. 
 On the other hand, RDW levels are found to be related with the degree of inflammation response in multiple diseases. Chronic inflammation was found for patients with malignancy while tumor-related inflammation induced tumorigenesis and progression21. Previous studies showed RDW was significantly associated with higher IL-6, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), the inflammatory parameters in patients with malignancy 22.Similarly, RDW was also associated with non-malignant diseases. Previous studies showed that RDW could be used to evaluate inflammation response in patients diagnosed of inflammatory diseases, such as obstructive sleep apnea syndrome, sarcopenia, pancreatitis 23-25. In patients with cardiovascular diseases, previous studies also revealed that the alteration of RDW was a potential diagnostic and prognostic marker. Lippi et al. revealed RDW values had significant correlations with troponin T levels and had a clinical sensitivity and specificity for diagnosing acute coronary syndrome 26. Meanwhile, elevated RDW levels were related with higher prevalence of acute heart failure27. 
The association between RDW levels and AF was also discussed in several studies. It was found that the level of RDW was elevated significantly in patients with paroxysmal non-valvular AF12. The value of RDW for predicting clinical outcomes was also discussed in a few studies 13,28. However, the small sample size of previous studies restricted the findings. In addition, the patients who admitted into ICU had different surroundings and encountered more complex problems. Hence, we studied the role of RDW in critically patients with AF. By using the large public critical care dataset, a big advantage in our study is the large sample size, which allowed for subgroup analysis and subsequent PSM for confounding covariates. The Lowess Smoothing algorithm showed the linear correlation between RDW and in-hospital mortality. The finding was further proved by logistic regression models. In addition, we also evaluated the prognostic value of RDW in patients alive at discharge. Increased RDW level was associated with all-cause mortality in the subpopulation. Above all, we concluded that the value of RDW might be a potential marker for evaluating the outcomes of critically ill patients with AF.
Although the large sample size was adopted to adjust for confounding factors, the study had several limitations. First, our study was a single-center retrospective study and the findings should be further confirmed by multi-center prospective studies. Second, due to the retrospective nature, some related clinical variables were unavailable or missing too much. Third, although a lot of covariates were well balanced by PSM, confounders which were not included in our study still existed. Well-designed randomized controlled studies might be the only solution. Besides, in our study, we used the first RDW value instead of maximum RDW. Although maximum RDW value might have a stronger predictive value of all-cause mortality, it was still debating to measure RDW multiple times for predicting the death events more accurately. Lastly, we discussed the association between RDW and all-cause mortality. Some related clinical outcomes were not taken into consideration, such as stroke and readmission events.
Conclusions
Our study illustrated that the value of RDW was a potential prognostic marker for critically ill patients with AF. Increased RDW level was associated with in-hospital mortality as well as the short- and long-term mortality for these patients. Further prospective studies with more clinical details were needed for better predicting the prognostic value. Meanwhile, it was also interesting to discuss the association between RDW and other clinical outcomes such as stroke and readmission to ICU.
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Figure Legends
Figure 1. Flow diagram of the study population.
AF, atrial fibrillation; ICU, intensive care unit. RDW, red cell distribution width.
Figure 2. Association between RDW and in-hospital mortality of patients diagnosed of AF (A). Subgroup analyses were executed in patients accompanied with congestive heart failure, stroke, deficiency anemia (B, C, D). In general, linear relationships were identified.
AF, atrial fibrillation; ICU, intensive care unit.
Figure 3. Forrest plot of the adjusted ORs from multivariable logistic regression with 95% confidence interval (CI). The mean variance inflation factor (VIF) was 2.62.
RDW, red cell distribution width; SOFA, sequential organ failure assessment; COPD, chronic obstructive pulmonary disease.
Figure 4. Kaplan-Meier curves before and after propensity score matched (PSM) analysis (A and B). Log rank p-values are indicated in the panels.
Figure S1. Receiver operating characteristic (ROC) curves for initial and maximum red cell distribution width values during ICU admission.
Figure S2. Kernel density plots of the propensity score before and after propensity score matching.
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