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Abstract

:

The aim of the study was to investigate the role of chronic kidney disease (CKD) on in-hospital mortality and on incident atrial fibrillation (AF) in patients infected with SARS-CoV-2. The incidence of acute kidney injury (AKI) was also investigated. Multivariable regression models were used to assess the association between renal function groups (estimated Glomerular Filtration Rate, eGFR, >60 mL/min, 30–59 mL/min, <30 mL/min) and in-hospital all-cause mortality and incident AF and AKI. A cohort of 2816 patients admitted in one year for COVID-19 disease in two large hospitals was analyzed. The independent predictors of mortality were severe CKD [HR 1.732 (95%CI 1.264–2.373)], older age [HR 1.054 (95%CI 1.044–1.065)], cerebrovascular disease [HR 1.335 (95%CI (1.016–1.754)], lower platelet count [HR 0.997 (95%CI 0.996–0.999)], higher C-reactive protein [HR 1.047 (95%CI 1.035–1.058)], and higher plasma potassium value 1.374 (95%CI 1.139–1.658). When incident AKI was added to the final survival model, it was associated with higher mortality [HR 2.202 (1.728–2.807)]. Incident AF was more frequent in patients with CKD, but in the multivariable model only older age was significantly related with a higher incidence of AF [OR 1.036 (95%CI 1.022–1.050)]. Incident AF was strongly associated with the onset of AKI [HR 2.619 (95%CI 1.711–4.009)]. In this large population of COVID-19 patients, the presence of severe CKD was an independent predictor of in-hospital mortality. In addition, patients who underwent AKI during hospitalization had a doubled risk of death. Incident AF became more frequent as eGFR decreased and it was significantly associated with the onset of AKI.
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1. Introduction


Since COVID-19, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was discovered and evolved into a pandemic, it has become a source of interest for numerous studies [1,2]. Initially, the SARS-CoV-2 infection was considered to compromise lung function only, but subsequently, several studies showed that many other organs could be involved, the kidneys in particular [3,4]. The main symptoms of SARS-CoV-2 infection are observed 2–14 days after exposure. Symptoms include fever, cough, and difficulty breathing [5]. A severe complication of the disease is progressive respiratory failure, and death may occur in 3.4% of the infected patients [6]. As more studies are becoming available, the knowledge of those categories of patients at increased risk of hospitalization and poor outcomes is now improving. Chronic kidney disease (CKD) has been shown to be a comorbidity associated with reduced survival in patients hospitalized for COVID-19 disease [7,8].



Few data are available about COVID-19 disease and arrhythmias, in particular atrial fibrillation (AF) [9], and even less is known about this phenomenon in CKD patients [10].



As such, the aim of the study was to investigate the role of CKD on in-hospital mortality and on incident AF in patients infected with SARS-CoV-2. The incidence of acute kidney injury (AKI) was also assessed.




2. Materials and Methods


2.1. Study Design


This multicenter study included two large hospitals in Northern Italy, the San Gerardo Hospital in Monza and the Niguarda Hospital in Milan. Adult (≥18 years of age) patients diagnosed with COVID-19 and admitted in the two centers from 27 February 2020 to 3 January 2021 were included in the study. Clinical data were merged with the hospital lab data-base and patients with at least one creatinine test taken within three days from admission were included in the study. Participants were followed-up until the first occurrence of either hospital discharge, transfer to another facility, or death.



The study (STORM) was approved by the National Institutional Review Board (Spallanzani Hospital), ClinicalTrials.gov: NCT04424992.




2.2. Renal Function Estimation


Serum creatinine measurements were used to calculate the estimated Glomerular Filtration Rate (eGFR) by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [11]. Chronic kidney disease was defined as eGFR < 60 mL/min. Patients with eGFR between 30 and 59 mL/min were considered to have moderate CKD and those with eGFR < 30 mL/min to have severe CKD.




2.3. Definition of Covariates


Study covariates included age, sex, history of comorbidities, and blood chemistry parameters. The comorbidities that were taken into consideration were ischemic heart disease, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, and diabetes. The history of AF and the percentage of permanent AF were included among the comorbidities as well. Blood chemistry parameters included, apart from creatinine, white blood cell (WBC) count, hemoglobin, hematocrit, platelets count, lymphocytes, C-reactive protein (CRP), urea, sodium, and potassium.




2.4. End-Points


The primary end-points were all-cause mortality and incident AF, defined as the first appearance of an AF episode during a hospital stay. The secondary end-point was AKI, defined as an increase in serum creatinine (SCr) by ≥0.3 mg/dL observed within 48 h; or an increase in SCr to ≥1.5 times the baseline creatinine value [12].




2.5. Statistical Analysis


The study population was subdivided into three groups: normal renal function, moderate CKD, and severe CKD, according to eGFR (>60, 30–59, and <30 mL/min, respectively). Continuous data were described by medians and quartiles (first-third Q1–Q3) and compared using the Kruskal–Wallis test by ranks, while categorical data were described by counts and percentages and compared by the Chi-square (χ2) test. Chronic kidney disease group was defined at each SCr measurement, and CKD stage at admission and at the last measurement before discharge was defined in subjects with at least two creatinine measurements.



The Aalen–Johansen estimator was used to estimate the crude cumulative incidence of mortality accounting for discharge as competing event, and the Gray test was used to test the null hypothesis of no difference in mortality among the three groups. A cause-specific Cox proportional-hazards regression model was used for investigating the association between CKD groups and all-cause mortality. Logistic regressions were applied to evaluate the association of CKD with the occurrence of AF and AKI during hospitalization. Patients with permanent AF were excluded from the model on AF, while patients with only one SCr measurement were excluded from the AKI model.



Potential confounders considered in the models were age, sex, ischemic heart disease, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, diabetes, platelet count, and plasma concentration of hemoglobin, C-reactive protein and potassium. Odds ratios (ORs) or Hazard Ratios (HRs) with 95% confidence intervals (CIs) were reported. SAS 9.4 was used for the statistical analyses and the first type error was set at 0.05 (two-tailed).





3. Results


A total of 3308 patients, admitted for COVID-19 disease from February 2020 to January 2021, were recruited. Four hundred ninety-two subjects were excluded (30 with less than 18 years of age and 462 with no baseline measurement of creatinine) leaving a total of 2816 analyzed. The main clinical characteristics at the time of hospital admission and blood chemistry parameters at baseline are described in Table 1: 1981 (70%) patients had an eGFR > 60 mL/min, 636 (23%) had moderate CKD, and 199 (7%) had severe CKD. Chronic kidney disease patients were older than those with eGFR > 60 mL/min and the number of comorbidities increased as renal function decreased. Patients with CKD had lower values of hemoglobin, hematocrit, and platelet count and higher inflammatory indices and plasma potassium values compared to those with preserved renal function.



3.1. Mortality


The median hospital stay was 13 days (Q1–Q3 8–22) and 504 cases of death (17.9%) were observed, with 233 (11.8%) in the group of patients with eGFR > 60 mL/min, 177 (27.8%) in that of patients with eGFR 30–59 mL/min, and 94 (47.5%) in that of patients with eGFR < 30 mL/min (p < 0.001). Figure 1 shows the mortality incidence observed in the three groups over the first 60 days of hospitalization.



In the model, adjusted for CKD stage, age, sex and comorbidities, including incident AF, factors significantly associated with higher mortality were the presence of CKD [HR 1.307 (95%CI 1.056–1.617) and HR 2.146 (95%CI 1.649–2.794) for eGFR 30–59 mL/min and <30 mL/min, respectively], older age [HR 1.049 (95%CI 1.041–1.058)], and male sex [HR 1.557 (95%CI 1.277–1.900). Ischemic heart disease and cerebrovascular disease were slightly associated with lower survival (Table A1).



In the model, adjusted for CKD stage, age, and sex, which included laboratory tests, the variables significantly associated with increased mortality were severe CKD [HR 1.621 (95%CI 1.166–2.253)], older age [HR 1. 057 (95%CI 1.046–1.067)], lower platelet count [HR 0.997 (95%CI 0.996–0.999)], and higher C-reactive protein [HR 1.045 (95%CI 1.034–1.056)] and plasma potassium [HR 1.371 (95%CI 1.135–1.657)] levels (Table A2).



The final model showed that the independent predictors of mortality were severe CKD [HR 1.732 (95%CI 1.264–2.373)], older age [HR 1.054 (95%CI 1.044–1.065)], cerebrovascular disease [HR 1.335 (95%CI 1.016–1.754)], lower platelet count [HR 0.997(95%CI 0.996–0.999)], and higher C-reactive protein [HR 1.047 (95%CI 1.035–1.058)] and plasma potassium values [HR 1.374 (95%CI 1.139–1.658)] (Table 2).



Two hundred and ten out of 482 (43.6%) patients who suffered from AKI died. Among the AKI patients, 247 had an eGFR > 60 mL/min at baseline, and 88 (35.6%) of those underwent in-hospital mortality, whereas among patients with AKI and eGFR < 60 mL/min, deaths were 122 out of 235 (51.9%) (p = 0.0003). When incident AF and incident AKI were added to the final survival model, AKI was found to be strongly associated with higher mortality [HR 2.202 (1.728–2.807)], whereas CKD was no longer so. There was no association between incident AF and survival (Table 3).




3.2. Atrial Fibrillation


Six percent of patients (n = 170) had a history of AF; the arrhythmia was permanent in 3.4% of cases. The characteristics of patients with permanent AF and of the rest of the population are shown in Table A3. The presence of a history of AF was found to be more frequent in patients with worse renal function: 10.2% in those with eGFR between 30 and 59 mL/min and 16.6% in those with eGFR < 30 mL/min against 3.6% in individuals with eGFR > 60 mL/min. During hospitalization, 143 (5.1%) patients suffered an incident episode of AF. Incident AF was more frequent in patients with CKD and the rate increased as the stage of CKD worsened: 84 (4.2%) in the subgroup of patients with eGFR > 60 mL/min, 40 (6.3%) in that of patients with eGFR 30–59 mL/min, and 19 (9.5%) in that of patients with eGFR < 30 mL/min (p = 0.001, Figure 2).



Other arrhythmias (ventricular arrhythmias or brady-arrhythmias) were recorded in 30 (1.1%) subjects and their incidence did not seem to be influenced by renal function. Table 4 shows the logistic regression model on AF incidence by CKD adjusted by age and sex. Only older age was significantly associated with a higher incidence of AF [OR 1.036 (95%CI 1.022–1.050)].



The addition of other possible confounding factors to the model did not change the result (Table A4, Model A). When age was removed from the statistical models, the presence of CKD was the only factor significantly associated with incident AF (Table A4, Model B and Model C).




3.3. Acute Kidney Injury


Data on AKI were available in 2550 patients. The characteristics of patients with a single creatinine measurement and of the rest of the population are shown in Table A5. During hospitalization, 482 (18.9%) patients experienced AKI. This event occurred more frequently in patients with CKD: 248 out of 1784 (13.9%) in the subgroup of patients with eGFR > 60 mL/min, 143 out of 586 (24.4%) in patients with eGFR 30–59 mL/min, and 91 out of 180 (50.6%) in those with eGFR < 30 mL/min (p < 0.001, Figure 2).



With multivariable logistic regression, the factors that were significantly associated with the occurrence of AKI were CKD [HR 1.782 (95%CI 1.334–2.382) and HR 4.142 (95%CI 2.760–6.216) for eGFR 30–59 mL/min and <30 mL/min compared to eGFR >60 mL/min, respectively], male sex [HR 1. 434 (95%CI 1.097–1.875)], the presence of peripheral vascular disease [HR 1.791 (95%CI 1.212–2.646)], lower hemoglobin values [HR 0.899 (95%CI 0.844–0.958)], and higher C-reactive protein values [HR 1.048 (95%CI 1.034–1.062)]. Incident AF was strongly associated with the onset of AKI [HR 2.619 (95%CI 1.711–4.009)], even after adjustment for possible confounding factors (Table 5). When a cause-specific hazard regression model for AKI was fitted, the results were superimposable to those of the logistic model (Table A6).




3.4. Renal Function


Table 6 shows the distribution of the population according to CKD status at hospital admission and at the last evaluation before discharge of 2099 subjects discharged alive and with at least two creatinine values measurements.



Overall, 73 out of 2099 (3.5%) patients experienced a worsening of their renal function: 64 with eGFR > 60 mL/min at hospital admission entered the moderate or severe CKD stage and 9 patients with moderate CKD worsened towards severe CKD. Among patients with deterioration of renal function, 4 out of 73 (5.5%) experienced an episode of incident AF, while the event occurred in 82 out of 2026 (4.1%) patients without renal function decline (p = 0.5395). Thirty four out of 73 (46.6%) patients with worsening renal function had AKI compared to 237 out of 2026 (11.7%) in patients who maintained their renal function unchanged during their hospital stay (p < 0.0001). It is interesting to note that on the other hand, 248 out of 2099 (11.8%) patients, experienced an improvement of their renal function had at discharge: 207 with eGFR 30–59 mL/min and 41 with eGFR < 30 mL/min at baseline.





4. Discussion


In a large population of patients hospitalized for COVID-19 disease, the presence of severe CKD on admission is an independent predictor of in-hospital mortality. The number of cases of incident AF increases as eGFR decreases, but renal function does not predict incident AF after correction for possible confounders. In contrast, incident AF is significantly associated with the onset of AKI.



Approximately one third of the study population had CKD at hospital admission, a finding in agreement with that described in other studies, that have reported a prevalence of CKD in COVID-19 patients between 22 and 38% [13,14]. The incidence of in-hospital mortality in this study was 18%. As already described by other authors [15,16,17], the presence of reduced renal function increases mortality rate. In most studies, CKD is defined as the presence of eGFR <60 mL/min, with no further differentiation between the various stages of renal disease. Importantly, in our study, a significant increase in mortality was evident as the stage of CKD worsened (from 28% in patients with moderate CKD to 48% in those with severe CKD). After adjustment for age and comorbidities, the presence of eGFR between 30 and 59 mL/min was significantly associated with a 30% increase in mortality, and that of eGFR < 30 mL/min doubled the risk of death. When factors related to the severity of COVID-19 disease were also included in the model, only severe CKD and not moderate CKD remained an independent predictor of reduced in-hospital survival (HR 1.74). When incident AKI was added to the final survival model, it was a predictor of mortality, whereas CKD was no longer so. This finding strongly suggests that AKI is a mediator of mortality in COVID-19 disease, particularly in patients with CKD at baseline: CKD patients who die experience an abrupt impairment of renal function before death. In addition, some patients who undergo AKI die even if they show normal eGFR at baseline. Previously, a meta-analysis including 26 studies (n = 5497 patients) showed that, in COVID-19 patients, the presence of AKI was associated with a more than 10-fold increased risk of mortality [18]. An interesting finding of our study is the strong association between higher potassium values and mortality. Various studies have described hyperkalemia as a risk factor for survival in populations with several types of heart or kidney diseases. [19,20,21]. The present study shows that this relationship is also confirmed in COVID-19 patients, independently of the presence of CKD.



Atrial fibrillation is a frequently occurring arrhythmia in patients with CKD [22,23,24] and an increased incidence has been described in critically ill patients [25]. The presence of pre-existing CKD is by itself a risk factor for AF in patients with acute sepsis [26]. Few authors have studied the association between AF and COVID-19 disease. In patients hospitalized in cardiology wards for Sars-CoV-2 infection, the Cardio-COVID-Italy study showed an incidence of in-hospital AF of 12.5% [27], while García-Granja et al. observed an incidence of 10.4% [9]. Russo et al. found that in patients with COVID-19 admitted to emergency department, the incidence of AF was higher, equal to 17.1% [10]. To our knowledge, there are very few data about the relationship between incident AF and renal function in COVID-19 patients. Russo et al. showed an association between CKD and incident AF in patients admitted in emergency units for COVID-19 disease, which, however, was not confirmed after adjustment for possible confounders [10]. As expected, CKD patients in our study population had a higher prevalence of a positive history of AF. Episodes of incident AF increased as eGFR decreased, approaching 10% in patients with eGFR < 30 mL/min. This phenomenon was closely associated with the higher age of patients with reduced renal function (median 78 vs. 59 years of age). However, it is interesting to point out that in our population, when age was removed from the confounding factors in the multivariable model, a significant association with a higher incidence of AF was found only for the presence of CKD and not for the cardiac comorbidities. It is likely that the factors that predisposed CKD patients to be more liable to AF were only indirectly associated with the presence of reduced eGFR (older age, higher prevalence of heart disease, frequent presence of structural remodeling and cardiac fibrosis) and that this is the reason why CKD, although associated with a higher incidence of AF, was not found to be an independent predictive factor. In our study population, incident AF did not have an impact on in-hospital mortality, however, it was closely associated with the onset of AKI, which in turn appears to be an important mediator of mortality. It will be interesting to see whether in-hospital AF might have an effect on patients’ long-term survival after discharge.



The incidence of AKI in our patients was 19%, in agreement with the incidence reported in previous studies that ranges from 18% to 30.6% [28,29]. Various studies have described AKI in COVID-19 patients and the factors associated with this outcome [30,31]. This phenomenon is probably underestimated in our population. In fact, we see that a percentage of patients (12%) improved their CKD stage at discharge, suggesting that these are individuals who arrived in the emergency department with an ongoing AKI that resolved as the disease-causing admission resolved. Understanding the true incidence of COVID-19-related AKI is important, as our data demonstrated that patients who experienced an AKI event left the hospital with worsened kidney function more often than hospitalized patients without AKI. Our results indicate lower hemoglobin levels and higher C-reactive protein values as factors that may be associated with in-hospital AKI, suggesting the importance of considering subjects with low hematocrit with special care, especially in case of elevated inflammatory indices. A new and interesting result of the present study is the association between AKI and incident AF. It has been previously described that the arrhythmia most frequently associated with AKI in the intensive care units is AF [25]. The onset of AF in critically ill patients is an independent predictor of AKI [32,33]; in turn, the incidence of AF is almost double in critically ill patients who suffered AKI compared to those with normal renal function [34]. In our population, the risk of AKI is two and a half times higher in patients with incident AF. One reason could be that the onset of arrhythmia creates hemodynamic instability, with a reduction in left ventricular ejection fraction and a consequent drop in renal perfusion. From our results, it seems that the subjects at greater risk of experiencing AKI are those with lower hemoglobin values and higher indices of inflammation. It is possible to hypothesize that the association of the three factors (anemia, inflammation, and arrhythmia) may constitute a critical clinical situation for the onset of AKI.



In conclusion, although the data were collected retrospectively, our study provides some new information that may be clinically useful in understanding the complex relationship between kidney function and Sars-CoV-2 infection. The mortality rate from COVID-19 is not only higher in CKD patients (with eGFR< 60 mL/min), but it also increases significantly when moving from moderate to severe CKD. In addition, patients who underwent AKI during hospitalization had a doubled risk of death. COVID-19 appears to increase the incidence of in-hospital AF, particularly in patients with CKD, and, in turn, patients who experience an episode of in-hospital AF are also more likely to suffer from AKI.
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Table A1. Cox proportional hazards model on the impact of clinical factors on in-hospital mortality. Confounding variables with a significance level of <0.1 were retained in the final model. n = 2811, death = 504.






Table A1. Cox proportional hazards model on the impact of clinical factors on in-hospital mortality. Confounding variables with a significance level of <0.1 were retained in the final model. n = 2811, death = 504.










	
	HR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.307 (1.056–1.617)
	0.0138



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	2.146 (1.649–2.794)
	<0.0001



	Age (years)
	1.049 (1.041–1.058)
	<0.0001



	Sex (M vs. F)
	1.557 (1.277–1.900)
	<0.0001



	Ischemic Heart Disease (Yes vs. No)
	1.250 (0.983–1.590)
	0.0687



	Congestive Heart Failure (Yes vs. No)
	1.154 (0.833–1.598)
	0.3899



	Peripheral Vascular Disease (Yes vs. No)
	0.972 (0.742–1.273)
	0.8349



	Cerebrovascular Disease (Yes vs. No)
	1.261 (0.990–1.606)
	0.0607



	Chronic Pulmonary Disease (Yes vs. No)
	0.916 (0.699–1.202)
	0.5281



	Diabetes (Yes vs. No)
	0.985 (0.799–1.215)
	0.8893



	Atrial Fibrillation (Yes vs. No)
	1.056 (0.796–1.400)
	0.7071







Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; n, numbers; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Table A2. Cox proportional hazards model on the impact of laboratories measurements on in-hospital mortality. Confounding variables with a significance level of <0.1 were retained in the final model. n = 2217, death = 369.






Table A2. Cox proportional hazards model on the impact of laboratories measurements on in-hospital mortality. Confounding variables with a significance level of <0.1 were retained in the final model. n = 2217, death = 369.










	
	HR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.162 (0.903–1.495)
	0.2420



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	1.621 (1.166–2.253)
	0.0041



	Age (years)
	1.057 (1.046–1.067)
	<0.0001



	Sex (M vs. F)
	1.239 (0.978–1.568)
	0.0753



	Hemoglobin (g/dL)
	0.978 (0.926–1.033)
	0.4297



	Platelets (103 U/L)
	0.997 (0.996–0.999)
	<0.0001



	C-Reactive Protein (mg/dL)
	1.045 (1.034–1.056)
	<0.0001



	Sodium (mmol/L)
	1.019 (0.996–1.042)
	0.1138



	Potassium (mmol/L)
	1.371 (1.135–1.657)
	0.0011







Abbreviations: CKD, chronic kidney disease; n, numbers; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Table A3. Differences between patients with permanent AF and the rest of the population.
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Permanent AF




	

	
No

	
Yes




	
n

	
2720

	
96




	
CKD stage (%)

	

	




	
eGFR < 30 mL/min

	
181 (6.7)

	
18 (18.8)




	
eGFR 30–59 mL/min

	
593 (21.8)

	
43 (44.8)




	
eGFR > 60 mL/min

	
1946 (71.5)

	
35 (36.5)




	
Sex = M (%)

	
1801 (66.3)

	
54 (56.2)




	
Age (median [range])

	
64 [18, 99]

	
80 [56, 99]




	
Ischemic Heart Disease = Yes (%)

	
240 (8.8)

	
23 (24.0)




	
Congestive Heart Failure = Yes (%)

	
101 (3.7)

	
19 (19.8)




	
Diabetes = Yes (%)

	
456 (16.8)

	
21 (21.9)




	
Hemoglobin (g/dL) (median [range])

	
12.90 [3.40, 17.90]

	
11.85 [6.50, 16.20]




	
Potassium (mmol/L) (median [range])

	
4.20 [2.60, 7.67]

	
4.20 [2.60, 6.00]








Abbreviations: AF, atrial fibrillation; n, number; CKD, chronic kidney disease; n, numbers; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Table A4. Logistic model on the impact of CKD on incident AF adjusted by age, sex, comorbidities and laboratory measurements (Model A), by sex (Model B) and by sex, comorbidities, and laboratory measurements (Model C) n = 2386, AF = 112.






Table A4. Logistic model on the impact of CKD on incident AF adjusted by age, sex, comorbidities and laboratory measurements (Model A), by sex (Model B) and by sex, comorbidities, and laboratory measurements (Model C) n = 2386, AF = 112.










	
	OR (95% CI)
	p-Value





	Model A
	
	



	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	0.808 (0.496–1.318)
	0.3935



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	1.210 (0.613–2.389)
	0.5832



	Age (years)
	1.052 (1.034–1.069)
	<0.0001



	Sex (M vs. F)
	1.504 (0.970–2.334)
	0.0683



	Ischemic Heart Disease (Yes vs. No)
	0.738 (0.386–1.412)
	0.3593



	Congestive Heart Failure (Yes vs. No)
	1.108 (0.475–2.585)
	0.8127



	Diabetes (Yes vs. No)
	0.969 (0.595–1.577)
	0.8984



	Hemoglobin (g/dL)
	0.980 (0.882–1.088)
	0.7021



	Potassium (mmol/L)
	1.120 (0.798–1.571)
	0.5124



	Model B
	
	



	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.620 (1.098–2.391)
	0.0150



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	2.613 (1.548–4.410)
	0.0003



	Sex (M vs. F)
	0.823 (0.823–1.712)
	0.3582



	Model C
	
	



	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.509 (0.959–1.318)
	0.0754



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	2.227 (1.159–4.280)
	0.0163



	Sex (M vs. F)
	1.317 (0.853–2.035)
	0.2143



	Ischemic Heart Disease (Yes vs. No)
	0.921(0.480–1.767)
	0.8045



	Congestive Heart Failure (Yes vs. No)
	1.267 (0.546- 2.940)
	0.5823



	Diabetes (Yes vs. No)
	1.096 (0.673–1.783)
	0.7125



	Hemoglobin (g/dL)
	0.957 (0.863–1.062)
	0.4105



	Potassium (mmol/L)
	1.062 (0.754–1.496)
	0.7323







Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; n, number; eGFR, estimated glomerular filtration rate; OR, odds ratio.
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Table A5. Differences between patients with a single creatinine measurement and the rest of the population.
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Two sCr Measurements




	

	
No

	
Yes






	
n

	
267

	
2549




	
CKD stage (%)

	

	




	
eGFR < 30 mL/min

	
19 (7.1)

	
180 (7.1)




	
eGFR 30–59 mL/min

	
50 (18.7)

	
586 (23.0)




	
eGFR > 60 mL/min

	
198 (74.2)

	
1783 (69.9)




	
Sex = M (%)

	
158 (59.2)

	
1697 (66.6)




	
Age (median [range])

	
60 [18, 99]

	
65 [18, 99]




	
Ischemic Heart Disease = Yes (%)

	
24 (9.0)

	
239 (9.4)




	
Congestive Heart Failure = Yes (%)

	
12 (4.5)

	
108 (4.2)




	
Peripheral Vascular Disease = Yes (%)

	
12 (4.5)

	
194 (7.6)




	
Cerebrovascular Disease = Yes (%)

	
33 (12.4)

	
222 (8.7)




	
Chronic Pulmonary Disease = Yes (%)

	
16 (6.0)

	
229 (9.0)




	
Diabetes = Yes (%)

	
36 (13.5)

	
441 (17.3)




	
Hemoglobin (g/dL) (median [range])

	
13.00 [6.50, 17.00]

	
12.80 [3.40, 17.90]




	
C-Reactive Protein (mg/dL) (median [range])

	
4.00 [0.00, 41.00]

	
7.09 [0.00, 47.80]




	
Incident Atrial Fibrillation = Yes (%)

	
9 (3.4)

	
134 (5.3)








Abbreviations: sCr, serum creatinine; AF, atrial fibrillation; n, number; CKD, chronic kidney disease; n, numbers; eGFR, estimated glomerular filtration rate.













[image: Table] 





Table A6. Cause-specific hazard regression model for AKI.
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	HR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.790 (1.396–2.296)
	<0.0001



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	3.607 (2.641–4.928)
	<0.0001



	Age (years)
	0.996 (0.989–1.004)
	0.3599



	Sex (M vs. F)
	1.314 (1.044–1.654)
	0.0198



	Ischemic Heart Disease (Yes vs. No)
	1.000 (0.723–1.385)
	0.9979



	Congestive Heart Failure (Yes vs. No)
	1.156 (0.767–1.744)
	0.4887



	Peripheral Vascular Disease (Yes vs. No)
	1.605 (1.180–2.183)
	0.0026



	Cerebrovascular Disease (Yes vs. No)
	0.844 (0.582–1.225)
	0.3731



	Chronic Pulmonary Disease (Yes vs. No)
	0.774 (0.545–1.099)
	0.1523



	Diabetes (Yes vs. No)
	1.039 (0.814–1.327)
	0.7566



	Hemoglobin (g/dL)
	0.939 (0.891–0.990)
	0.0188



	C-Reactive Protein (mg/dL)
	1.034 (1.023–1.045)
	<0.0001



	Incident Atrial Fibrillation (Yes vs. No)
	1.626 (1.181–2.238)
	0.0029







Abbreviation: AKI, Acute Kidney Injury; CKD, chronic kidney disease; n, numbers; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Figure 1. Crude in-hospital mortality stratified by CKD, with number of patients at risk in three groups. Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. 
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Figure 2. Proportion plot with 95% confidence interval for AF (in 2720 patients without permanent AF) and AKI (in 2550 patients with at least two creatinine measurements) according to chronic kidney disease. Abbreviations: AF, atrial fibrillation; AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. 
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Table 1. Baseline characteristics (overall and by renal function).
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	Overall
	eGFR < 30 mL/min
	eGFR 30–59 mL/min
	eGFR > 60 mL/min
	p-Value
	Missing (%)





	n
	2816
	199
	636
	1981
	
	



	Male (%)
	1856 (65.9)
	126 (63.3)
	391 (61.5)
	1339 (67.6)
	0.013
	0



	Age (median [IQR])
	65 [54, 77]
	78 [68, 86]
	77 [68, 83]
	59 [51, 70]
	<0.001
	0



	eGFR (median [IQR])
	77.13 [55.65, 93.09]
	19.95 [13.02, 25.85]
	47.61 [40.36, 54.59]
	86.52 [75.17, 97.93]
	-
	0



	History of AF (%)
	170 (6.0)
	33 (16.6)
	65 (10.2)
	72 (3.6)
	<0.001
	0



	Permanent AF (%)
	96 (3.4)
	18 (9.0)
	43 (6.8)
	35 (1.8)
	<0.001
	0



	Ischemic Heart Disease (%)
	263 (9.3)
	43 (21.6)
	104 (16.4)
	116 (5.9)
	<0.001
	0.1



	Congestive Heart Failure (%)
	120 (4.3)
	35 (17.6)
	51 (8.0)
	34 (1.7)
	<0.001
	0.1



	Peripheral Vascular Disease (%)
	206 (7.3)
	39 (19.6)
	78 (12.3)
	89 (4.5)
	<0.001
	0.1



	Cerebrovascular Disease (%)
	255 (9.1)
	28 (14.1)
	81 (12.8)
	146 (7.4)
	<0.001
	0.1



	Chronic Pulmonary Disease (%)
	245 (8.7)
	32 (16.1)
	92 (14.5)
	121 (6.1)
	<0.001
	0.1



	Diabetes (%)
	477 (17.0)
	67 (33.7)
	145 (22.8)
	265 (13.4)
	<0.001
	0.1



	White Blood Cells (103 U/L) (median [IQR])
	6.76 [4.88, 9.98]
	7.53 [5.12, 11.68]
	7.18 [4.98, 10.48]
	6.53 [4.82, 9.46]
	0.004
	3.5



	Hemoglobin (g/dL) (median [IQR])
	12.90 [11.55, 14.00]
	11.10 [9.60, 12.40]
	12.50 [11.10, 13.70]
	13.10 [11.90, 14.20]
	<0.001
	3.3



	Hematocrit (%) (median [IQR])
	38.70 [35.10, 42.10]
	33.85 [29.78, 38.35]
	38.00 [34.20, 41.40]
	39.30 [35.90, 42.40]
	<0.001
	3.3



	Platelets (103 U/L) (median [IQR])
	209.00 [157.00, 269.00]
	188.00 [132.00, 243.25]
	198.00 [145.00, 260.00]
	215.00 [164.00, 277.00]
	<0.001
	3.3



	Lymphocytes (103 U/L) (median [IQR])
	1.00 [0.71, 1.40]
	0.81 [0.59, 1.17]
	0.91 [0.63, 1.32]
	1.07 [0.75, 1.44]
	<0.001
	6.7



	C-Reactive Protein (mg/dL) (median [IQR])
	6.66 [2.60, 12.20]
	9.30 [3.50, 15.18]
	7.70 [3.20, 13.61]
	6.34 [2.38, 11.46]
	<0.001
	12.1



	Urea (mg/dL) (median [IQR])
	39.00 [28.00, 59.00]
	118.00 [95.00, 169.25]
	61.00 [46.00, 80.00]
	33.00 [25.00, 44.00]
	<0.001
	12.6



	Creatinine (mg/dL) (median [IQR])
	0.98 [0.80, 1.20]
	2.69 [2.23, 4.00]
	1.33 [1.19, 1.53]
	0.89 [0.74, 1.00]
	-
	0



	Sodium (mmol/L) (median [IQR])
	139.00 [137.00, 141.00]
	140.00 [137.00, 143.00]
	139.00 [137.00, 142.00]
	139.00 [137.00, 141.00]
	0.01
	8.2



	Potassium (mmol/L) (median [IQR])
	4.20 [3.84, 4.52]
	4.50 [4.19, 5.00]
	4.24 [3.88, 4.60]
	4.11 [3.80, 4.47]
	<0.001
	9.2







Abbreviations: AF, atrial fibrillation, CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; n, number; IQR, inter quartile range.
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Table 2. Cox proportional hazards model on the effect of CKD on in-hospital mortality adjusted by age, sex, and selected clinical and laboratory variables. n = 2223, n of deaths = 371.
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	HR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.198 (0.934–1.538)
	0.1550



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	1.732 (1.264–2.373)
	0.0006



	Age (years)
	1.054 (1.044–1.065)
	<0.0001



	Sex (M vs. F)
	1.191 (0.946–1.499)
	0.1368



	Ischemic Heart Disease (Yes vs. No)
	1.225 (0.929–1.614)
	0.1498



	Cerebrovascular Disease (Yes vs. No)
	1.335 (1.016–1.754)
	0.0382



	Platelets (103 U/L)
	0.997 (0.996–0.999)
	<0.0001



	C-Reactive Protein (mg/dL)
	1.047 (1.035–1.058)
	<0.0001



	Potassium (mmol/L)
	1.374 (1.139–1.658)
	0.0009







Abbreviations: CKD, chronic kidney disease; n, number; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Table 3. Cox proportional hazards model on the effect of CKD on in-hospital mortality adjusted by age, sex, and selected clinical and laboratory variables, incident Atrial Fibrillation, and AKI. n = 2006, n of death = 327.
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	HR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.100 (0.841–1.437)
	0.4864



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	1.152 (0.802–1.656)
	0.4436



	Age (years)
	1.056 (1.045–1.068)
	<0.0001



	Sex (M vs. F)
	1.225 (0.955–1.571)
	0.1108



	Ischemic Heart Disease (Yes vs. No)
	1.120 (0.826–1.518)
	0.4656



	Cerebrovascular Disease (Yes vs. No)
	1.357 (1.004–1.835)
	0.0472



	Platelets (103 U/L)
	0.998 (0.997–0.999)
	0.0028



	C-Reactive Protein (mg/dL)
	1.038 (1.026–1.051)
	<0.0001



	Potassium (mmol/L)
	1.379 (1.129–1.685)
	0.0017



	Incident Atrial Fibrillation (Yes vs. No)
	1.080 (0.757–1.543)
	0.6705



	AKI (Yes vs. No)
	2.202 (1.728–2.807)
	<0.0001







Abbreviations: CKD, chronic kidney disease; n, number; eGFR, estimated glomerular filtration rate; HR, hazard ratio; AKI, acute kidney injury.
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Table 4. Logistic model on the CKD effect on incident AF adjusted by age and sex. Patients with permanent AF were excluded from the model (n = 96). n = 2720, AF = 143.
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	OR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.005 (0.656–1.540)
	0.9806



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	1.547 (0.882–2.713)
	0.1279



	Age (years)
	1.036 (1.022–1.050)
	<0.0001



	Sex (M vs. F)
	1.319 (0.910–1.911)
	0.1441







Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; n, number; eGFR, estimated glomerular filtration rate; OR, odds ratio.
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Table 5. Logistic model on the CKD effect on AKI during hospitalization adjusted by age, sex, comorbidities, incident AF, and relevant laboratory measurements. n = 2200, AKI = 399.
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	OR (95% CI)
	p-Value





	CKD Stage (eGFR 30–59 mL/min vs. eGFR > 60 mL/min)
	1.782 (1.334–2.382)
	<0.0001



	CKD Stage (eGFR < 30 mL/min vs. eGFR > 60 mL/min)
	4.142 (2.760–6.216)
	<0.0001



	Age (years)
	0.997 (0.988–1.007)
	0.5934



	Sex (M vs. F)
	1.434 (1.097–1.875)
	0.0083



	Ischemic Heart Disease (Yes vs. No)
	0.954 (0.640–1.423)
	0.8184



	Congestive Heart Failure (Yes vs. No)
	1.401 (0.829–2.366)
	0.2077



	Peripheral Vascular Disease (Yes vs. No)
	1.791 (1.212–2.646)
	0.0035



	Cerebrovascular Disease (Yes vs. No)
	0.763 (0.494–1.176)
	0.2202



	Chronic Pulmonary Disease (Yes vs. No)
	0.740 (0.490–1.118)
	0.1524



	Diabetes (Yes vs. No)
	1.171 (0.872–1.572)
	0.2939



	Hemoglobin (g/dL)
	0.899 (0.844–0.958)
	0.0010



	C-Reactive Protein (mg/dL)
	1.048 (1.034–1.062)
	<0.0001



	Incident Atrial Fibrillation (Yes vs. No)
	2.619 (1.711–4.009)
	<0.0001







Abbreviations: AF, atrial fibrillation; AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; n, number; OR, odds ratio.
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Table 6. Distribution of the population according to CKD at hospital admission and at the last evaluation before discharge.






Table 6. Distribution of the population according to CKD at hospital admission and at the last evaluation before discharge.





	
CKD at Admission n (%)

	
CKD at Discharge n (%)




	
eGFR < 30 mL/min

	
eGFR 30–59 mL/min

	
eGFR > 60 mL/min

	
Total (%)






	
eGFR < 30 mL/min

	
58 (58.6%)

	
35 (35.4%)

	
6 (6.1%)

	
99 (100%)




	
eGFR 30–59 mL/min

	
9 (2.1%)

	
219 (50.3%)

	
207 (47.6%)

	
435 (100%)




	
eGFR > 60 mL/min

	
4 (0.3%)

	
60 (3.4%)

	
1501 (95.9%)

	
1565 (100%)




	
Total

	
71

	
314

	
1714

	
2099








Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; n, number.
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