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Background: Sepsis is known to cause renal function fluctuations during hospitalization, but whether these patients discharged from sepsis were still at greater risks of long-term renal adverse outcomes remains unknown.

Methods: From 2011 to 2018, we included 1,12,628 patients with chronic kidney disease (CKD) aged ≥ 20 years. The patients with CKD were further divided into 11,661 sepsis group and 1,00,967 non-sepsis group. The following outcome of interest was included: all-cause mortality, readmission for acute kidney injury, estimated glomerular filtration rate decline ≥50% or doubling of serum creatinine, and end-stage renal disease.

Results: After propensity score matching, the sepsis group was at higher risks of all-cause mortality [hazard ratio (HR) 1.39, 95% CI, 1.31–1.47], readmission for acute kidney injury (HR 1.67, 95% CI 1.58–1.76), eGFR decline ≥ 50% or doubling of serum creatinine (HR 3.34, 95% CI 2.78–4.01), and end-stage renal disease (HR 1.43, 95% CI 1.34–1.53) than non-sepsis group.

Conclusions: Our study found that patients with CKD discharged from hospitalization for sepsis have higher risks of subsequent renal adverse events.
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INTRODUCTION

Chronic kidney disease (CKD) is a global health burden with a prevalence of ~10–16% worldwide and a high economic cost (1–3). Because patients with CKD show a decline in renal function with time, the identification of modifiable risk factors for renal function decline, leading to early intervention and slow down of CKD progression and its associated complications (4, 5). The relatively immunocompromised status of patients with CKD could potentially predispose them to sepsis, which contributes to a higher risk of death and substantial morbidity (6–8). Patients with CKD who had a lower estimated glomerular filtration rate (eGFR) were also found to be at greater risks of infection than those who had a higher eGFR (9, 10).

Sepsis affects renal microcirculation due to hemodynamic instability, which causes acute tubular necrosis and renal cellular damage (11–13). Sepsis-inducing inflammatory cytokines have also been shown to be associated with the severity and worsening of renal function impairment (14, 15). Interestingly, plasma extracted from patients with septic still induced renal cell injury and renal tubular and podocyte apoptosis without the presence of vasculature or circulating inflammatory cells (16). Although there is increasing evidence that sepsis can increase the risk of acute kidney injury (AKI) (17–19), the relationship between sepsis and long-term renal adverse outcomes, especially in the fragile population with CKD, remains unclear.

To address this knowledge gap, we explored the association of sepsis and future risks of long-term all-cause mortality and renal adverse outcomes, including readmission for AKI, renal function decline, or development of end-stage renal disease (ESRD) by performing a large-scale CKD cohort study. In our study, competing risk analysis was also performed to account for mortality as a competing risk for renal adverse outcomes.



METHODS


Study Design and Setting

In this study, data were retrieved from the electronic medical database of the Big Data Center at Taipei Veterans General Hospital. The datasets are de-identified for research purposes and contain basic demographic information, disease diagnoses, drug prescriptions, surgery records, and laboratory results from inpatient, outpatient, and emergency data (20). We established a CKD cohort by using diagnostic codes [International Classification of Diseases (ICD) code 581–583, 585–589, N00–N08, N18–N19, and N25–N27] from January 1, 2011, to December 31, 2018. We further categorized our patients with CKD into two groups as follows: (1) those who had a history of discharge from sepsis (ICD code 038, 995.91, A40, and A41), severe sepsis (ICD code 995.92 and R65.20), or septic shock (ICD code 785.52 and R65.21) as the sepsis group and (2) those without a history of hospitalization for sepsis as the non-sepsis group. In our study, we excluded patients aged < 20 years, those who received hemodialysis, peritoneal dialysis, or kidney transplant before they were eligible for inclusion, and those who did not have at least two measurements of serum creatinine values to assess the eGFR decline. Finally, 112,628 patients with CKD (11,661 in the sepsis group and 100,967 in the non-sepsis group) were included in our study. The study was approved by the institutional review board of Taipei Veterans General Hospital (2017-09-002BC) and informed consent was waived due to the de-identified data being analyzed.



Clinical Covariates

The patient information obtained from the electronic medical database consisted of demographic characteristics, comorbidity histories, and medication prescriptions. The demographic characteristics were age, gender, smoking status, and alcohol consumption. Laboratory data such as hemoglobin, total cholesterol, glycated hemoglobin, eGFR, and the spot urine protein–creatinine ratio were also collected. The eGFR was estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (21, 22). Comorbidity histories consisted of hypertension, diabetes mellitus, coronary artery disease, congestive heart failure, peptic ulcer disease, chronic obstructive pulmonary disease, malignancy, and Charlson Comorbidity Index (CCI) score (23, 24). The medication prescriptions collected were for calcium channel blockers, beta-blockers, alpha-blockers, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, antiplatelets, warfarins, statins, steroids, non-steroidal anti-inflammatory drugs, oral hypoglycemic agents, and insulins.



Outcome Definition

The primary outcomes were all-cause mortality, readmission for AKI, eGFR decline ≥ 50% or doubling of serum creatinine, and ESRD (defined as eGFR < 15 ml/min/1.73 m2, initiation of long-term hemodialysis/peritoneal dialysis, or kidney transplantation). The readmission for AKI was defined based on the acute kidney injury network (AKIN) classification, which defines 3 stages of AKI: AKIN stage 1 classified as a ≥0.3 mg/dl absolute or 1.5- to 2.0-fold increase in serum creatinine from baseline; AKIN stage 2 as a 2- to 3-fold increase in serum creatinine, and AKIN stage 3 as a baseline serum creatinine > 4.0 mg/dl with an acute increase of ≥0.5 mg/dl or a >3-fold increase in serum creatinine or the initiation of renal replacement therapy (25, 26). The percent decline in eGFR is calculated as follows: (last eGFR at the follow-up—baseline eGFR)/(baseline eGFR) × 100% (27, 28). Patients with CKD were followed up until death or the end of the study period, whichever occurred first.



Statistical Analysis

Data from continuous variables are presented as median (interquartile range [IQR]) and categorical data are presented as percentages (numbers). For missing values, we performed multiple imputations with five repetitions for handling (29). In addition, we calculated propensity scores for the likelihood of sepsis by including clinical covariates in a multivariate logistic regression model (Supplementary Table 1) (30, 31). For propensity score matching, we matched each sepsis group to one non-sepsis group on the basis of propensity scores using nearest-neighbor matching without replacement. Cox proportional hazards models were used to evaluate risks of all-cause mortality and other outcomes of interest in the sepsis group compared to the non-sepsis group. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, United States) and R software (version 3.5.2 for Windows). A two-tailed P < 0.05 was considered statistically significant.




RESULTS


The Incidence of Different Infection Sources Among Patients With CKD

From January 1, 2011, to December 31, 2018, the different infection sources, including bacteremia, central nervous system infection, endocarditis, genitourinary infection, intra-abdominal infection, and respiratory infection among patients with CKD are shown in Figure 1. As the years evolve, the incidence of bacteremia, endocarditis, genitourinary infection, and intra-abdominal infection increased gradually. Of note, the incidences of genitourinary and respiratory infection were the highest two infection sources among patients with CKD.
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FIGURE 1. The incidence of different infection sources among patients with chronic kidney disease (CKD).




Study Population

A total of 112,628 CKD patients with a median age of 65.5 years (interquartile range: 55.0–77.9 years) were included in our study. Patients with CKD were then divided into sepsis and non-sepsis groups, and the detailed characteristics of the two cohorts are shown in Table 1. In the overall patient group, we identified 11,661 sepsis cases and 100,967 non-sepsis cases. The sepsis group was older and was more likely to be male, smoke, consume alcohol, had a history of diabetes mellitus, coronary artery disease, and congestive heart failure had a higher CCI score and had higher prescription rates of antihypertensive drugs, oral hypoglycemic agents (OHAs), and insulin. After propensity score matching, 9,336 sepsis groups and 9,336 non-sepsis groups were included in the analyses, and the baseline characteristics were well-balanced between these two groups (Supplementary Figure 1). The distributional balance of the propensity score before and after propensity score matching is shown in Supplementary Figure 2.


Table 1. Baseline characteristics of the study population before and after propensity score matching.
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The Risks of All-Cause Mortality, Readmission for AKI, eGFR Decline, and ESRD

In Cox analyses, the sepsis group exhibited greater risks of all-cause mortality [hazard ratio (HR), 1.39; 95% CI, 1.31–1.47; P < 0.001], readmission for AKI (HR, 1.67; 95% CI, 1.58–1.76; P < 0.001), eGFR decline ≥ 50% or doubling of serum creatinine (HR, 3.34; 95% CI, 2.78–4.01; P < 0.001), and ESRD (HR, 1.43; 95% CI, 1.34–1.53; P < 0.001; Table 2) compared to the non-sepsis group. The severity of readmission for AKI between sepsis and non-sepsis groups showed as follows: AKIN stage 1: 2,076 (68.5%) sepsis group vs. 1,931 (76.4%) non-sepsis group; AKIN stage 2: 478 (15.8%) sepsis group vs. 320 (12.7%) non-sepsis group; and AKIN stage 3: 477 (15.7%) sepsis group vs. 277 (11.0%) non-sepsis group. In the sepsis group, sepsis (27.9%) was the most common etiology of readmission for AKI followed by cardiogenic causes (24.3%) and nephrotoxic agents (21.3%). In non-sepsis group, cardiogenic causes (31.8%) were the most common etiology followed by nephrotoxic agents (18.0%) and hypovolemia (13.9%).


Table 2. Risks of all-cause mortality and adverse renal outcomes between sepsis group and matched non-sepsis group.
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Kaplan–Meier analysis also showed that the sepsis group was more likely to be at higher risks of all-cause mortality, readmission for AKI, eGFR decline ≥ 50% or doubling of serum creatinine, and ESRD (all log-rank test, P < 0.001; Figure 2).


[image: Figure 2]
FIGURE 2. Kaplan–Meier curves for the risks of (A) all-cause mortality, (B) readmission for AKI, (C) eGFR decline > 50% or doubling of serum creatinine, and (D) end-stage renal disease in the sepsis group vs. the non-sepsis group. AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.




Competing Risks Analyses With Mortality Considered as a Competing Event

After considering mortality as a competing risk, sepsis group still exhibited higher risks of readmission for AKI (HR, 1.55; 95% CI, 4.36–5.12; P < 0.001), and eGFR decline ≥ 50% or doubling of serum creatinine (HR, 3.23; 95% CI, 14.74–48.01; P < 0.001), and ESRD (HR, 1.39; 95% CI, 3.67–4.42; P < 0.001) compared to the non-sepsis group (Table 2).



The Subgroup Analyses for the Risks of All-Cause Mortality and Renal Adverse Outcomes

In the subgroup analysis stratified by the eGFR > 60 ml/min/1.73 m2 and eGFR < 60 ml/min/1.73 m2, the effects of sepsis on all-cause mortality (P for interaction = 0.742), readmission for AKI (P for interaction = 0.776), eGFR decline ≥ 50% or doubling of serum creatinine (P for interaction = 0.894), and ESRD (P for interaction = 0.863) were consistent across patient subgroups (Table 3). The results still showed similar after considering mortality as a competing risk.


Table 3. Risks of all-cause mortality and adverse renal outcomes between sepsis group and matched nonsepsis group stratified by eGFR > 60 ml/min/1.73 m2 and eGFR < 60 ml/min/1.73 m2.
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Risk Factors for All-Cause Mortality and Adverse Renal Outcomes

As shown in Table 4, a higher length of hospital stay and SOFA score were associated with higher risks of all-cause mortality, readmission for AKI and ESRD. Across the different etiologies of sepsis, there were similarly increased risks for all-cause mortality, readmission for AKI and ESRD. Based on the severity of sepsis, patients with septic shock had highest risks of all-cause mortality (HR, 2.85; 95% CI, 2.16–3.67; P < 0.001), readmission for AKI (HR, 2.81; 95% CI, 2.17–3.57; P < 0.001), and ESRD (HR, 8.24; 95% CI, 6.12–10.85; P < 0.001) compared to patients with sepsis only. Patients with severe sepsis still had higher risks of all-cause mortality (HR, 1.35; 95% CI, 1.27–1.43; P < 0.001), readmission for AKI (HR, 1.48; 95% CI, 1.40–1.56; P < 0.001), and ESRD (HR, 7.87; 95% CI, 7.22–8.58; P < 0.001) compared to patients with sepsis only. In addition, sepsis patients with AKIN stage 3 exhibited greatest risks of all-cause mortality (HR, 2.61; 95% CI, 1.96–3.40; P < 0.001), readmission for AKI (HR, 4.91; 95% CI, 3.88–6.11; P < 0.001), and ESRD (HR, 2.94; 95% CI, 2.15–3.90; P < 0.001) compared to those with other AKIN stage or those without AKI.


Table 4. Risk factors for all-cause mortality and adverse renal outcomes.
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DISCUSSION

This large-scale cohort study of 112,628 patients with CKD found that ~10.4% of the patients experienced at least one event of sepsis hospitalization during a long follow-up period. We demonstrated that CKD patients with sepsis had a higher risk of mortality than those without sepsis. In addition, we found that patients with CKD who were discharged from hospitalization for sepsis demonstrated higher risks of readmission for AKI, eGFR decline ≥ 50% or doubling of serum creatinine, and ESRD compared to those without sepsis.

A study including 25,675 participants from a single Canadian health region found that CKD patients with an eGFR of 45–59, 30–44, and <30 ml/min/1.73 m2 were at greater risk of bloodstream infection, with hazard ratios (HRs) of 1.24, 1.59, and 3.54 compared to those with a higher eGFR (>60 ml/min/1.73 m2) (32). The Atherosclerosis Risk in Communities Study, which included 9,697 participants, also found that those with an eGFR of 15–29 ml/min/1.73 m2 had a 3.5-fold higher risk of infection than those with an eGFR > 90 ml/min/1.73 m2 (33). Interestingly, another nationwide population study including 62,872 patients with advanced CKD found that those who had an infection before starting dialysis were at increased risk of mortality and major adverse cardiac events compared to those who had no infection (34).

A 1 year follow-up retrospective study including 1,636 patients with sepsis found that ~61% of patients developed AKI during admission. Among these patients, ~19% developed CKD 1 year later, and 81% of patients recovered renal function (35). However, this study was limited only to include patients who had AKI during hospitalization. Whether this result can be generalized to those without AKI is unknown. In addition, the period of only 1 year may also be too short to assess whether AKI resolves or progresses to ESRD. There remains a lack of information regarding the impacts of sepsis on the future risks of renal adverse outcomes, with a particular lack of data in patients with CKD. Our study found that patients with CKD who survived to discharge from sepsis had increased risks of readmission for AKI, worsened renal function decline, and incidence of ESRD compared to patients with CKD without sepsis. Our study found that patients with CKD who suffered from septic shock or severe sepsis during admission were associated with the worst outcomes compared to those with only sepsis. In addition, CKD patients with sepsis who experienced AKI episodes with AKIN stage 3 in their admission had the worst long-term clinical outcomes compared to those with other AKIN stages or those without AKI. In the subgroup analyses, we examined whether the risks varied across patient subgroups stratified by eGFR > 60 or eGFR < 60 ml/min/1.73 m2, and results showed no significant effect modification of eGFR.

The possible explanations for the impact of sepsis on worsened renal outcomes are likely to be multifactorial. Sepsis may trigger inflammatory cascades through the release of inflammatory mediators, and the upregulation of reactive oxygen species may induce DNA damage and protein structure alteration and trigger fibrogenic processes, resulting in kidney injury and CKD development (36–38). In addition, sepsis and hemodynamic instability may contribute to acute tubular necrosis and glomerular injury resulting from deposition of circulating immune complexes, which cause macrophage infiltration and oxidative stress damage (39–41). However, further research is still needed to confirm the precise mechanisms of the aforementioned multifaceted mechanisms in such patients.

This study has several important strengths. First, we removed patients with CKD who had fewer than two eGFR measurements, which may provide more precise information on renal function decline. Second, this study was the first to explore the effects of sepsis on long-term renal adverse outcomes in a large number of CKD patients with a long follow-up period, which proved to be important for filling existing knowledge gaps.

Although this study provides information on the relationship between sepsis and renal function decline in patients with CKD, several potential limitations should be noted. First, we excluded patients with CKD who died during hospitalization for sepsis. Therefore, patients with CKD needed to survive to discharge to be included in our analysis. Second, we defined sepsis only by hospitalization events. Therefore, patients with CKD receiving outpatient care for mild sepsis would not be included in our analysis, which may underestimate sepsis rates. However, the clinical presentation of mild sepsis may be non-specific and difficult to differentiate from other diseases, which may lead to a misclassification bias. Finally, this was a retrospective and observational study that may have covariate imbalances among CKD patients with and without sepsis. Therefore, we calculated propensity scores to balance the covariate distributions.

In conclusion, CKD patients with sepsis showed a higher risk of eGFR decline and ESRD than those without sepsis. Therefore, early intervention strategies for patients with CKD who survive hospitalization for sepsis may help to improve long-term renal outcomes and reduce the burden on healthcare systems.
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