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Background: Coronavirus disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome-Corona Virus 2 has generated significant impact on global health worldwide. COVID-19 can cause pneumonia and organ injury. Chronic kidney disease (CKD) has been associated with increased mortality in previous epidemics, but there is a paucity of data regarding actual risks for non-dialysis CKD patients with COVID-19.

Methods: Multicenter, observational cohort study including 136 non-dialysis CKD patients and 136 age- and sex-matched controls that required hospitalization due to COVID-19. Patients with end-stage renal disease, a kidney transplant or without registered baseline glomerular filtration rate prior to COVID-19 infection were excluded. CKD and acute kidney injury (AKI) were defined according to KDIGO criteria.

Results: CKD patients had higher white blood cell count and D-dimer and lower lymphocyte percentage. No differences were found regarding symptoms on admission. CKD was associated with higher rate of AKI (61 vs. 24.3%) and mortality (40.4 vs. 24.3%). Patients with AKI had the highest hazard for death (AKI/non-CKD HR:7.04, 95% CI:2.87–17.29; AKI/CKD HR:5.25, 95% CI: 2.29–12.02), followed by CKD subjects without AKI (HR:3.39, 95% CI:1.36–8.46). CKD status did not condition ICU admission or length of in-hospital stay.

Conclusions: CKD patients that require hospitalization due to COVID-19 are exposed to higher risk of death and AKI.
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BACKGROUND

The current pandemic of Coronavirus disease 2019 (COVID-19) caused by Severe Acute Respiratory Syndrome-Corona Virus 2 (SARS-CoV-2) that emerged from China in December 2019 is causing significant impact on global health worldwide (1, 2), affecting more than 24 million people and causing more than 800,000 deaths (as of August 27th, 2020, WHO Coronavirus Disease Dashboard, accessible at https://covid19.who.int). Although in most cases symptoms are mild, COVID-19 can be associated with interstitial and alveolar pneumonia and has the capacity to injure organs such as the heart, nervous system, or the kidney (3, 4).

Reported COVID-19 mortality rates are subject to wide variability, with initial reports from China pointing to fluctuating infection-associated death rates, between 11 and 45% among hospitalized patients (5–7). Age, preexisting conditions such as cardiovascular, cerebrovascular or other underlying diseases, and abnormal inflammatory markers such as low absolute lymphocyte count or elevated D-dimer, C-reactive protein (CRP), or interleukin-6 (IL6) have been associated with increased risk of death (6, 7).

Chronic kidney disease (CKD) is a relevant co-morbidity that has been correlated with increased mortality in previous epidemics, such as influenza, compared to the general population (8). CKD patients tend to be older, suffer more frequently from additional illnesses and experience certain degree of immune dysfunction (8–10). Furthermore, infection is one of the leading causes of mortality in end-stage renal disease (11, 12). CKD patients have shown significantly higher rates of hospitalization for pneumonia and sepsis and lengthier in-hospital stay (13). Infection also occurs three to five times more frequently in patients with early-stage CKD compared to the general population (14). As such, a series of recommendations have been published aiming to mitigate the impact of the pandemic in dialysis and transplant patients (15, 16).

Nevertheless, to the best of our knowledge, there are no published reports on non-dialysis CKD-associated risks during COVID-19. We aimed to analyze the influence of non-dialysis CKD on outcomes in a sample of hospitalized subjects with COVID-19. Secondary objectives included studying incidence and outcomes of superimposed acute kidney injury (AKI) in this setting and the impact of CKD and AKI on the rates of intensive care unit (ICU) admission.



METHODS


Patient Population and Study Cohort Definitions

We designed a multicenter, observational, age-, and sex-matched cohort study. The study conforms to the STROBE statement for reporting observational studies.

One hundred thirty six adult patients with non-dialysis CKD who required admission for COVID-19 infection due to low oxygen saturation (<90%), dyspnea or pneumonia in three third-level Spanish academic hospitals between March 1st and April, 15th 2020 and 136 age- and sex-matched controls were included in this study. To build the study cohort, all consecutive patients admitted due to COVID-19 infection starting from March 1st, 2020 were chronologically screened. For that purpose, lists provided by hospital admission departments that included patients admitted due to COVID-19 to both the general ward and intensive care units were used, without applying any exclusion criteria. We first built the non-dialysis CKD cohort and searched for age- and sex-matched controls among screened non-CKD patients.

Viral infection was confirmed by real-time RT-qPCR and/or serologic testing in all cases. Disease severity on admission was classified according to the report of the WHO—China Joint Mission on COVID-19 (17). Patients with COVID-19 were divided into mild (laboratory confirmed, without pneumonia), moderate (laboratory confirmed with pneumonia), severe (dyspnea and/or lung infiltrates >50% of the lung field within 24–48 h) and critical (respiratory failure requiring mechanical ventilation, shock, or other organ failure that requires intensive care). Severity criteria based on respiratory frequency, blood oxygen saturation or PaO2/FiO2 ratio were not used due to uneven reporting of such parameters at the time of admission.

The presence of CKD was defined as evidence of sustained estimated glomerular filtration rate (eGFR) <60 and >15 ml/min per 1.73m2 within the 6 months prior to COVID-19 hospitalization. Such value had to be confirmed in three or more separated blood tests. When such value was not available (14 patients, 5.14% of the sample), we searched the previous 12 months (18). eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI) (19). Patients requiring maintenance dialysis, kidney transplant recipients and those without registered eGFR values in the 12 months prior to COVID-19 were excluded. The control cohort was 1:1 age- (range +/– 5 years) and sex-matched from the pool of hospitalized COVID-19 patients with baseline eGFR ≥60 ml/min per 1.73m2. AKI was defined according to the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines using peak serum creatinine and acute dialysis criteria (20). Briefly:

- AKI stage 1: Serum creatinine increase of 1.5–1.9 times baseline or ≥0.3 mg/dL.

- AKI stage 2: Serum creatinine increase of 2.0–2.9 times baseline.

- AKI stage 3: Serum creatinine increase of ≥3.0 times baseline or ≥4.0 mg/dL or initiation of renal replacement therapy.

Cardiovascular disease was defined as history of myocardial infarction, stroke, or peripheral vascular disease. Chronic lung disease included asthma, chronic obstructive pulmonary disease, and chronic bronchitis. Hematologic disorders included leukemia, lymphoma, plasma cell dyscrasia, myeloproliferative neoplasms, myelofibrosis, and myelodysplastic syndromes.

The study was performed in accordance with the 1975 Declaration of Helsinki. The study protocol was approved by the local ethics committee. Due to its observational nature it was considered exempt from the need to obtain written informed consent from participants (PI 20-1756, Comité de Ética de la Investigación con Medicamentos, Área de Salud Valladolid Este).



Data Collection

Demographic and clinical data, symptoms, and medical imaging at the time of hospital admission, COVID-19 associated treatment, ICU admission or in-hospital length of stay were gathered from medical records. Information regarding eGFR values prior to COVID-19 hospitalization was obtained in all cases from the electronic laboratory database of each hospital, which included all laboratory tests carried out both in-hospital and in primary care consultations. Primary care and hospital laboratory data were extracted from the patient's charts and electronic laboratory database (Table 1).


Table 1. Demographic, clinical characteristics, and COVID-19 therapy among CKD and non-CKD cohorts.
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Study Outcomes

The primary outcome was to describe COVID-19-associated survival during the following 28 days after admission, including eventual deaths after hospital discharge. Secondary outcomes included comparing 28 day incidence of AKI, impact of AKI on outcomes, rates of ICU admission, overall length of stay, laboratory results, and radiological findings caused by COVID-19, as well as administered treatment, in CKD subjects vs. non-CKD patients.



Statistical Analyses

Demographics were summarized using mean/standard deviations (SD) or median/range for continuous variables and counts/percentages for binary variables, according to data distribution. Continuous data were assessed using T-test, Mann–Whitney U-test or Kruskal–Wallis test. Binary data were analyzed using the Chi-square test. A two-sided P ≤ 0.05 was considered statistically significant. Overall survival probabilities for each cohort were estimated using the Kaplan–Meier method and compared by the log-rank test. P-values were adjusted for multiple comparisons using the Benjamini & Hochberg procedure.

We used Cox proportional hazards model with hazard ratios (HRs) with 95% confidence interval (CI), adjusted for age, sex, any comorbidity, angiotensin converting enzyme inhibitor (ACEi)/angiotensin receptor blocker (ARB) use, COVID-19 severity on admission, lymphocyte percentage and C-reactive protein levels on admission, combined CKD/AKI status, and treatment with lopinavir/ritonavir. Comorbidities included hypertension, diabetes, chronic lung disease, cardiovascular disease, hematologic disorders, and cancer. To avoid multicollinearity issues between two highly correlated factors such as CKD and AKI status, a combined variable that included information on both predictors was used. Aalen's additive regression model was calculated to describe the effect of covariates over time as a complement to standard Cox regression. To identify risk factors for ICU admission we used a multivariable competing risk survival model (21) that included all cases with complete laboratory data (264 patients). Subdistribution HR represents as the probability of the event of interest (ICU admission in our analysis) at a specific moment in time considering those who may have died among those still event-free with respect to the event of interest.

Statistical analysis was carried out using the Statistical Package for Social Sciences software, version 20.0 (SPSS, IBM, Armonk, NY, United States), GraphPad Prism, version 7.04 for Windows (GraphPad Software, La Jolla California, United States) and R version 4.0.0 (R Foundation for Statistical Computing, Vienna, Austria) with the survival and cmprsk packages.




RESULTS


Baseline Characteristics

A total of 136 patients with CKD and 136 age- and sex-matched controls admitted for COVID-19 were included. All patients were followed until death or the end of the study period. Among the CKD cohort, 53 (38.9%) patients suffered CKD Stage 3a, 54 (39.7%) suffered CKD Stage 3b while 29 (21.3%) presented CKD Stage 4. Due to the matched design of the study, no differences were found regarding age and sex between cohorts. CKD patients suffered hypertension and diabetes and were treated with ACEi and/or ARB drugs more frequently. Prevalence of other comorbidities such as chronic lung disease, cardiovascular, or hematologic disorders was similar between cohorts. We found no differences in reported symptoms or radiograph findings at the time of admission. CKD subjects showed higher white blood cell count and D-dimer levels and lower lymphocyte percentage on admission (Table 1).



Treatment for COVID-19 and Outcomes

Treatment patterns were similar for both groups except for hydroxychloroquine, which was used less frequently among CKD patients. Both groups showed similar rates of ICU admission and length of stay. However, AKI and mortality rates were significantly higher among CKD patients (Table 2).


Table 2. COVID-19 outcomes.
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28-Day Survival

Rates of death increased progressively according to CKD stage and AKI severity (Figure 1). CKD subjects had higher 28-day mortality compared to non-CKD patients (log-Rank: 9.11; p = 0.003; Figure 2A). We analyzed survival according to baseline CKD stage. CKD severity was directly associated with worse 28-day survival [log-Rank; Overall:13.99, p = 0.007; No CKD (eGFR ≥90 ml/min) vs. No CKD (eGFR 60–89 ml/min):3.71, p = 0.09; No CKD (eGFR 60–89 ml/min) vs. CKD Stage 3a:0.98, p = 0.372; CKD Stage 3a vs. CKD Stage 3b:0.93, p = 0.372; CKD Stage 3b vs. CKD Stage 4:0.22, p = 0.642; Figure 2B].


[image: Figure 1]
FIGURE 1. Twenty eight-day survival according to CKD stage and AKI severity. AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
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FIGURE 2. Cumulative Kaplan–Meier survival estimates of the time to patient death. (A) Comparison of CKD vs. non-CKD patients. CKD, chronic kidney disease; NCKD, non-chronic kidney disease. (B) Comparison of stages of CKD severity. *mL/min/1.73m2. St, stage. (C) Comparison of CKD and non-CKD patients with and without acute kidney injury. A, acute kidney injury, C, chronic kidney disease, NA, no acute kidney injury. NC, non-chronic kidney disease.


Additionally, we aimed to study the effect of AKI on both cohorts. Subjects with AKI presented the lowest survival independently of CKD status (log-Rank; Overall:37.72, p < 0.001; No CKD/No AKI vs. No CKD/AKI:32.97, p < 0.001; No CKD/No AKI vs. CKD/No AKI:5.86, p = 0.023; No CKD/AKI vs. CKD/No AKI:6.66, p = 0.02; No CKD/AKI vs. CKD/AKI:0.65, p = 0.422; CKD/No AKI vs. CKD/AKI:4.7, p = 0.036; Figure 2C).

Combined AKI on CKD status was tested as a predictor for 28-day death in Cox regression analysis. Compared with subjects without chronic or acute renal impairment, both non-CKD and CKD patients with AKI had the highest hazard for death (HR:4.8, 95% CI:2.22–10.38, p < 0.001 and HR:4.45, 95%CI:2.24–8.87, p < 0.001, respectively), in adjusted regression, followed by CKD subjects without AKI (HR:2.65, 95% CI:1.20–5.87, p = 0.016). Age and lymphocyte percentage on admission were the only other independent predictors of 28-day mortality (HR:1.08, 95% CI:1.04–1.11, p < 0.001 and HR:0.95, 95% CI:0.92–0.98, p = 0.001, respectively) (Figure 3).


[image: Figure 3]
FIGURE 3. Adjusted proportional hazards model for death. AKI, acute kidney injury; CKD, chronic kidney disease. *p < 0.05, **p < 0.001.


Figure 4 illustrates cumulative regression functions vs. time with 95% confidence intervals using Aalen's non-parametric additive model. Positive slopes on age and CKD/AKI status suggest an early and maintained increasing effect on the risk for death during approximately the first 20 days after admission. Comparatively, the negative slope on the plot for lymphocyte percentage indicates a continued effect reducing the risk for death during follow-up.
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FIGURE 4. Estimation of cumulative excess risk of based on Aalen's additive model. Aalen's additive model supplements a proportional hazards regression model analysis that describes the nature of time-varying effects of covariates through plots of the estimated cumulative regression coefficients, with confidence bands. AKI, acute kidney injury; CKD, chronic kidney disease.




ICU Admission

Multivariate competing risk survival analysis was used to describe the effect of CKD on ICU admission. CKD status or AKI did not condition ICU admission in these patients. COVID-19 severity and lymphocyte percentage on admission were the only independent predictors of ICU admission in this sample (Table 3).


Table 3. Multivariable competing risks analysis for ICU admission.

[image: Table 3]




DISCUSSION

Evidence regarding the effect of different chronic conditions on COVID-19 outcomes is scarce. The main finding of our study is that non-dialysis CKD patients suffer from higher risk of 28-day death after admission due to COVID-19 compared to non-CKD subjects. Furthermore, CKD does not appear to significantly modify disease symptoms or radiograph findings on admission, odds of being admitted to the ICU or overall length of stay. Additionally, AKI appears to be a key factor worsening prognosis in both cohorts.

We found that mortality ratios increased progressively as baseline kidney function decreased; subjects with CKD stage 4 exhibited the highest death rate. The association between diminished baseline eGFR and increased risk of infection has already been established, even for low-to-moderate reductions of renal function. Patients with eGFR of 30–59 ml/min suffered a 50% higher risk of infection-related hospitalization, while those with eGFR <30 ml/min presented a risk of death within 30 days of bloodstream infection four times greater than individuals with eGFR >60 ml/min (22, 23). Indeed, in our analysis patients with baseline eGFR between 60 and 90 ml/min presented a death rate three times higher than patients with baseline eGFR >90 ml/min (27.7 vs. 8.3%).

Several pathophysiological mechanisms caused by uremic toxin accumulation, chronic inflammation, increased oxidative stress and endothelial dysfunction are involved in CKD-associated susceptibility to infection (24–27). Chronic decline of renal function is associated with reduced number of B and CD4+ T lymphocytes and flawed T-cell response to antigen presentation. The number of naïve circulating CD4+ and CD8+ T-cells has been linked with serum urea and creatinine levels, which supports our finding that CKD patients had lower total lymphocyte count and lower lymphocyte percentage on admission. Although the number of neutrophils remains stable, they also show higher rate of apoptosis and reduced phagocytic capacity (28–32). T-cell dysfunction is especially relevant as CD8+ T-cells appear to regulate the antibody response to SARS coronavirus infection (33). Immune impairment is also conditioned by other non-CKD related factors in these subjects. CKD suffered more frequently from additional comorbidities such as hypertension or diabetes when compared to the general population. The conjunction of general and CKD-specific factors facilitates activation of a proinflammatory phenotype and increased cytotoxicity that interfere with immune system activity.

AKI seems one of the main determinants behind CKD-associated excess mortality in COVID-19 patients. Reported rates for AKI during COVID-19 infection are highly variable. Most published research is based on cohorts from China, with AKI rates ranging from 0.5 to 29%. The first reports in US population described greater rates of AKI, between 19 and 36.6% (5, 34–39). We observed that 42.6% of all subjects developed AKI. This increased incidence rate is probably due to our patients being considerably older and suffering a higher number of comorbidities, especially when compared to Chinese cohorts (2, 36, 37). In addition, CKD subjects suffered AKI more frequently and with increased severity than non-CKD individuals.

CKD has been proven to be a significant risk factor for the development of AKI in patients with hypertension, diabetes, or after major surgery (40, 41). CKD may induce increased propensity to AKI through chronic inflammation, mitochondrial and vascular dysfunction, or abnormal cell signaling and autophagy (42). Increased risk of AKI among patients with elevated baseline serum creatinine has been described in COVID-19 subjects (34). Likewise, COVID-19 can damage kidney tissue, promoting loss of brush border at the proximal tubule, non-isometric vacuolization, and necrosis. Clusters of coronavirus-like particles have been observed in tubular epithelial cells and podocytes, which supports the notion of SARS-CoV-2 renal tropism. Moreover, indirect factors such as systemic hypoxia or coagulation abnormalities commonly associated to COVID-19 pneumonia may further contribute to AKI progression (43, 44).

AKI predicted 28-day mortality in this study, with greater mortality rate in those with the highest severity. Half of the patients who developed AKI died during hospitalization. The combination of AKI and CKD status proved to be the strongest predictor for death in adjusted regression analysis. The link between AKI and death during COVID-19 has been described in Chinese and US cohorts (34, 39, 45) although none of the studies published to date has analyzed the effect of AKI superimposed to CKD. Our results strongly suggest that AKI is key to explain increased COVID-19 mortality in non-dialysis CKD subjects.

In agreement with previous studies (35), age was also an independent risk factor for death in our sample. Chronic comorbidities such as hypertension, diabetes, or cardiovascular disease, which have been linked to increased odds of in-hospital death in COVID-19 patients in previous studies, were not predictors of death during admission. This finding was probably due to the considerably large effect that CKD had over mortality in our sample. The combination of advanced age and high prevalence of CKD in our study may explain the significantly higher mortality registered when compared to previous studies (34, 36). In a meta-analysis performed by Tian et al. that included 14 published observational studies with more than 4,600 patients and only 18 patients with CKD, this disease showed the highest odds ratio for death of all comorbidities analyzed (OR:9.41; 95% CI:3.23–27.4, p < 0.0001) (46).

We found no significant differences in symptoms, chest x-ray findings and disease severity on admission in patients with and without CKD. Fever was the most common symptom, followed by cough and dyspnea. Also, bilateral pneumonia was the most common finding on chest x-ray. These findings are in line with previously published data (35, 36). However, CKD patients showed higher levels of D-dimer and a lower lymphocyte percentage, alterations that have been associated with worse COVID-19 prognosis (47, 48). Treatment patterns were also similar in our two cohorts. CKD subjects received less frequently hydroxychloroquine, probably due to potential risk of additional toxicity.

CKD status was not associated with rates of ICU admission or the overall length of hospital stay. In competing risk regression analysis. Only COVID-19 severity and lymphocyte percentage on admission were independent predictors of ICU admission. AKI or other chronic comorbidities were not associated with increased or decreased odds of being admitted to the ICU. Although age failed to predict ICU admission in our study, previous research has shown that COVID-19 patients aged ≥80 years presented a rate of ICU admission of 5.63/100,000, which was considerably lower than that presented by patients with age between 60 and 69 or 70 and 79 (10.29/100,000 and 11.47/100,000, respectively) (49). Potential benefit of ICU admission in the elderly has been subject of debate, as recent research failed to observe a reduction in 6-month mortality or improvement in functional status or quality of life among elderly patients admitted to the ICU vs. standard of care (50).

The present study has limitations. Most patients were elderly Caucasians, limiting extrapolation of results to other groups of different age or ethnicity. Furthermore, only patients with non-dialysis CKD or completely without CKD that required hospitalization were included in the study. Thus, our conclusions should not be projected on patients with milder clinical course. But this study has important strengths. To our knowledge, this is the first study aimed at describing COVID-19 outcomes in non-dialysis CKD patients. We used standardized definitions based on consensus guidelines for CKD and AKI in a multicenter setting. Our sample was built using data from three different academic hospitals including subjects from both the ICU and general ward, increasing the generalization of results to the global hospital setting.

In view of these results we consider that all spectrum of CKD patients is exposed to considerably higher risk of death during hospitalization due to COVID-19. Close monitoring of clinical evolution, lung involvement, inflammatory markers, and renal function and special consideration when administering fluid therapy and/or drugs with potential nephrotoxic effect should be key to avoid complications such as AKI during admission.

In sum, CKD patients that require hospitalization due to COVID-19 suffer from significantly increased risk of death due to higher incidence of AKI during the episode, which considerably worsens prognosis. Further studies should be aimed at better describing the relationship between acute and chronic renal failure in this setting, including medium- and long-term patient and renal outcomes.
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