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Clinical and Prognostic Implications of Estimating Glomerular Filtration Rate by Three Different Creatinine-Based Equations in Older Nursing Home Residents
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Background: According to the international literature, the percentage of nursing home (NH) residents with renal insufficiency is very high, ranging between 22 and 78%. Diminished kidney function represents a risk factor for drug overdosage, adverse drug reactions, end-stage renal disease, disability, morbidity, and mortality. Several studies suggested that screening for chronic kidney disease (CKD) in high-risk and older populations may represent a cost-effective approach to reducing progression to renal failure and CKD mortality.

Objective: This study aimed (i) to investigate to what extent CKD may be staged interchangeably by three different creatinine-based estimated glomerular filtration rate (eGFR) equations in a sample of older adults living in long-term care facilities; (ii) to investigate factors explaining differences among eGFR equations; and (iii) to compare the predictivity of different creatinine-based eGFR equations with respect to all-cause mortality.

Methods: A total of 522 residents aged 65 years and older participated in a prospective cohort study of 9 long-term care facilities in Calabria. eGFR was calculated by Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI), Berlin initiative study (BIS), and full age spectrum (FAS) equations. Disability in at least one activity of daily living (ADL), depression, cognitive impairment, comorbidity, and malnutrition was considered in the analysis. Statistical analysis was carried out by Bland–Altman analysis, and 2-year mortality was investigated by Kaplan–Meier curves and Cox regression analysis.

Results: Depending on the adopted equation, the prevalence of NH residents with impaired renal function (eGFR < 60 ml/min/1.73 m2) ranged between 58.2% for the CKD-EPI and 79.1% for the BIS1 equation. The average difference between BIS and FAS was nearly negligible (0.45 ml/min/1.73 m2), while a significant bias was detected between CKD-EPI and BIS and also between CKD-EPI and FAS (6.21 ml/min/1.73 m2 and 6.65 ml/min/1.73 m2, respectively). Although the eGFR study equations had comparable prognostic accuracy in terms of mortality risk, BIS and FAS were able to reclassify NH residents pertaining to a low-risk group with CKD-EPI, and this reclassification improves the discriminative capacity of CKD-EPI with respect to overall mortality.

Conclusion: Despite the relatively good correlation between eGFRs calculated using all adopted equations, the findings in this study reported clearly demonstrated that CKD-EPI and BIS/FAS equations are not interchangeable to assess eGFR among older people and particularly in institutionalized and frail older subjects.
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INTRODUCTION

According to the international literature, the percentage of nursing home (NH) residents with renal insufficiency is very high, ranging between 22 and 78% (1–7). Assessment of renal function is particularly important in elderly patients for which diminished kidney function represents a risk factor for drug overdosage and adverse drug reactions (ADRs) (8), end-stage renal disease (ESRD) (9), cardiovascular diseases (CVD) (9–12), disability, morbidity (13), and mortality (9, 14). Chronic kidney disease (CKD) is particularly harmful because many affected patients are initially asymptomatic and may remain undiagnosed for several years. For this reason, screening measures for the early identification of high-risk subjects in older populations would be of help, and several national, European, and international initiatives have been carried out in recent years to this end (14–20). In fact, several studies suggested that screening for CKD in older populations such as institutionalized elderly people may represent a cost-effective approach to reducing progression to renal failure and CKD mortality (21, 22). Preventing/slowing CKD progression among these patients may substantially impact several social and health domains, e.g., decreasing the need for long-term assistance and the healthcare costs related to caregiving (23).

Estimated glomerular filtration rate (eGFR) equations are routinely used for the clinical assessment of kidney function. Since reliable gold-standard methods for measuring GFR are too complicated and not always easily suitable in clinical practice, it is usually assessed by simple creatinine-based equations (22). Although the eGFR calculated from serum creatinine is widely used in general practice, the age-related loss of muscle mass that affects 40–85% of NH residents (23) together with the age-related decline in protein intake can maintain serum creatinine at a normal level in spite of reduced kidney function. This causes an overestimation of the GFR making serum creatinine a poorly reliable marker for estimating GFR and, consequently, CKD prevalence. In this context, it is not surprising that several studies showed the existence of a U-shaped relationship between creatinine-based eGFR and mortality in elderly people (24–28). To overcome this important limitation, two equations specifically developed for older populations were proposed, namely, the Berlin initiative study (BIS) (29) and the full age spectrum (FAS) equation (30). Although more suitable for older subjects, due to non-GFR determinants of serum creatinine, these new equations still provide a not negligible bias in the assessment of the GFR in this population segment.

Studies including age-specific equations and investigating agreement among different eGFR equations of their ability to predict long-term prognosis in older nursing home residents are distinctively lacking. Therefore, this study aimed (i) to investigate to what extent CKD may be staged interchangeably by three different creatinine-based eGFR equations in a sample of older adults living in long-term care facilities; (ii) to investigate factors explaining differences among eGFR equations; and (iii) to compare the predictivity of different creatinine-based eGFR equations in regards to overall mortality.



MATERIALS AND METHODS


Sample

Patients consecutively admitted to nine participating nursing homes (NHs) during the 24 months were asked to participate in this study. A total of 726 NH residents aged 65 years and older were initially screened and enrolled. All recruited subjects underwent a multidimensional geriatric assessment with detailed clinical history, including anthropometric measures and a set of the most common tests to assess cognitive functioning, functional activity, physical performance, nutritional status, and depression. In addition, common clinical hematological tests were performed. For the current analysis, NH residents with missing mortality data (n = 176) or missing values for serum creatine (n = 28) were excluded, leaving 522 patients to be included in the analyses regarding the agreement between equations and survival analysis. Informed written consent was signed by all subjects or their legal representatives. This study protocol was approved by the Regional Ethical Committee, Catanzaro, Italy (Prot. CE 119/2016).



Outcomes

The main outcomes of the present study were agreement among eGFR equations and overall mortality. Patients were followed-up every 12 months for 2 years to collect information about their vital status. In the case of discharged patients, this information was collected by telephone call during which patients and/or their relatives/caregivers were interviewed. For patients who died during the follow-up period, information about the date, place, and cause of death was collected from death certificates provided by relatives or caregivers.



Comprehensive Geriatric Assessment

The management of activities of daily living (ADL, i.e., bathing, dressing, eating, and independence in and out of bed) was assessed by means of a comprehensive geriatric assessment using a modification of an international and widely used scale, the Katz’ Index of ADL (31). The assessment was based on activities the subject was able to perform at the time of the visit. Each activity was scored as 0 if patients were unable to perform the task and 1 for people able to perform such activity. Then, ADL scores ranged between 0 (unable to perform any activity) and 5 (able to perform all the activities).

Cognitive status was assessed using the age- and education-adjusted Mini-Mental State Examination (MMSE) score (32), and patients scoring less than 24 were considered cognitively impaired. Depression was defined as having a 15-item Geriatric Depression Scale (GDS) score > 5 (33).

Nutritional status was performed using the Mini Nutritional Assessment (MNA), a well-validated tool for assessing malnutrition in old people (34). MNA includes 18 self-reported questions derived from general, anthropometric, dietary, and self-assessment. In particular, the short form of the MNA (MNA-SF) is a screening tool consisting of six questions on food intake, weight loss, mobility, psychological stress, acute disease, the presence of dementia or depression, and body mass index (BMI). The maximum score for the MNA-SF is 14. A score lower than 12 points implicates the presence of malnutrition/malnutrition risk (23). Hypertension, heart failure (HF), diabetes, cancer, coronary artery disease (CAD), cerebrovascular diseases (CVD), and chronic obstructive pulmonary disease (COPD) were also considered in the analyses. Overall comorbidity was assessed by the Cumulative Illness Rating Score for Geriatrics (CIRS-G) (35). CIRS-G evaluates the severity of coexisting diseases in 14 organ/system scales, each ranging from 0 (problem absent) to 4 (severe problem with the requirement of the immediate treatment and/or severe organ/system failure). A sum score ranging from 0 to 56 points was then calculated by adding each system/organ score. In the case of multiple diseases affecting one organ/system, only the most severe condition was considered in the calculation of the CIRS-G score.



Measurements of Serum Creatinine

Recruited subjects underwent a blood sampling after overnight fasting for general laboratory screening at the time of enrollment. Serum samples were immediately stored at −80°C until assayed. The general laboratory panel included serum creatinine measured using the standardized Jaffe method calibrated to isotope dilution mass spectrometry using the automated analyzer (RX-30, Nihon Denshi Inc., Tokyo, Japan).



Estimated Glomerular Filtration Rate Equations

The GFR was estimated by the creatinine-based Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) (36), FAS (30), and BIS1 (29) equations:

CDK-EPI = 141 × min (SCr,κ)α × max (SCr,κ)1.209 × 0.993 age [ × 1.018 if women],

where κ = 0.7 for women and 0.9 for men; α = −0.329 for women and −0.411 for women; min indicates the minimum of SCr/κ or 1; and max indicates the maximum of SCr/κ or 1.

FAS = 107.3/[SCr/Q] [× 0.988(age–40) when age > 40 years], with Q = 0.70 for women and 0.90 for men.

BIS1 = 3,736 × SCr–0.87 × age–0.95 [× 0.82 if women].

Patients were grouped according to kidney function as follows: eGFR > 60, 45–59.9, 30–44.9, and < 30 ml/min/1.73 m2.



Analytic Procedure

First, crude correlations among glomerular filtration rates calculated by CKD-EPI, BIS, and FAS equations were graphically investigated. Bland–Altman plots were generated to analyze the difference between CKD-EPI-BIS, CKD-EPI-FAS, and BIS-FAS against the mean of the two estimates, respectively, on the whole cohort of NH residents. Then, we compared the distribution of NH residents into CKD stages based on eGFRs calculated using the adopted equations.

Second, to identify factors explaining the difference between the different eGFR estimation formulas, we used the following three-step procedure: (a) linear regression analysis was used to select variables associated in a univariate way with the difference between two eGFR estimation methods; (b) variables selected by the univariate approach were entered into a stepwise variable selection procedure based on the Akaike Information Criterion (AIC) combined with a bootstrap resampling method. The final model was composed of the variables that were selected in at least 80% of the bootstrap samples; (c) the relevance of each variable was estimated in the final model. For this purpose, for each included variable, we refitted the model by permuting the variable values and we assessed the performance of this new model in terms of percentage root mean square error (RMSE). The worst the performance of the new model with respect to the original one, the more important the variable. This procedure was repeated 1,000 times.

Third, we compared the mortality risk of NH residents according to the eGFR categories also adjusting for potential confounders using Cox regression models. Potential confounders were selected through a backward stepwise regression procedure among the following variables: age, gender, ADL, nutritional status, GDS, MMSE, and the number of medications and diagnoses. The time from enrolment visit through the day of death was used as the time to failure variable for the model, and NH survivors were censored on the day of the last follow-up visit. The performance of these models was assessed by computing the cross-validated, 10-fold concordance index (37).

Finally, confusion matrices were used to determine the extent of agreement in CKD staging obtained by using the three different eGFR equations. The agreement was assessed with Cohen’s kappa without weighing. Survival analyses were carried out to evaluate whether the BIS1 and FAS equations improved risk reclassification for all-cause mortality when compared with the CKD-EPI equation. The attrition bias was finally investigated by age- and sex-adjusted logistic regression analysis of the three eGFR equations to loss to follow-up.




RESULTS

General and clinical characteristics of the NH residents are reported in Table 1. The mean age of these patients was 80.7 years, and 31.2% of them were men. After the follow-up period, 135 NH residents (25.9%) died, while the remaining 387 were still alive (74.1%). Approximately two-thirds of enrolled patients had at least 1 BADL dependency at the time of admission. Among the 195 patients without BADL disabilities, 89% were suffering from two or more chronic diseases, 60% were taking 5 or more drugs, and 15% were malnourished. Despite this, they did not have sufficient home support to guarantee the correct management of these problems and for these reasons they were admitted to NH.


TABLE 1. General and clinical characteristics of the NH residents recruited in the present study.
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Figures 1A–C shows the frequency distribution of eGFR values according to the creatinine-based equations and the distribution of NH residents into categories based on eGFRs calculated using the adopted equation.
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FIGURE 1. Frequencies distribution of eGFR values according to three different creatinine-based equations. (A) comparison between BIS1 and CKD-EPI equations, (B) between CKD-EPI and FAS, (C) between FAS and BIS1. (D) Distribution of NH residents according to the eGFR stages obtained by three different equations.


The percentage of residents with eGFR < 60 ml/min/1.73 m2 differed significantly when eGFR was calculated using the BIS1 (79.1%) or FAS (78.4%) compared with CKD-EPI (58.2%) equation (p < 0.001); conversely, the proportion of patients with eGFR < 30 ml/min/1.73 m2 did not show any significant difference in the comparison among equations and ranged between 5.6 and 7.7% (Figure 1D).


Comparison Between Estimated Glomerular Filtration Rate Equations

The three eGFR equations were strongly correlated with each other, even if the relationships between CKD-EPI and BIS or FAS were less linear with respect to that observed between BIS and FAS (Figures 2A–C).
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FIGURE 2. Correlations among the three adopted eGFR equations (A–C) and Bland–Altman analysis (D–F). Gray points in (A–C) indicate NH residents for which the difference between the estimates of GFR through the equation reported on the y-axis is higher than those reported on the x-axis values. Gray points in (A–C) indicate NH residents for which the estimates of eGFR through the equation reported on the y-axis are higher than those reported on the x-axis; black points indicate NH residents for which the estimates of GFR through the equation reported on the y-axis is lower than those reported on the x-axis.


Bland–Altman plots were generated to analyze the difference between CKD-EPI-BIS, CKD-EPI-FAS, and BIS-FAS against the mean of the two estimates, respectively, on the whole cohort of NH residents.

The Bland–Altman analysis showed that the bias between BIS and FAS was extremely low (0.45 ml/min/1.73 m2); a greater difference was observed only for patients with high eGFR values (Figure 2D). Conversely, a significant difference in calculated GFR values between CKD-EPI and BIS and also between CKD-EPI and FAS (6.21 ml/min/1.73 m2 and 6.65 ml/min/1.73 m2, respectively) was observed, peaking around 60 ml/min/1.73 m2 for both equations (CKD-EPI compared with BIS and CKD-EPI compared with FAS). Furthermore, the 95% upper limits of agreement were 19.40 and 22.36 ml/min/1.73 m2, respectively (Figures 2E,F).

We then investigated which factors affected the differences across the three eGFR estimation methods using a stepwise variable selection procedure combined with a bootstrap resampling method (Figure 3). Regarding the comparison between FAS and CKD-EPI (Figure 3A), the most important variable in the model was age followed by BUN. These results were paralleled by the results for the comparison between BIS1 and CKD-EPI (Figure 3B). In fact, once again the most important variables in the model were BUN and age. Regarding the comparison between FAS and BIS1 (Figure 3C), the most important variable in the model was BUN, followed by gender. The other variables selected by the univariate procedure were not relevant in terms of variable importance.


[image: image]

FIGURE 3. Means (over 1,000 permutations) of permutation-based variable-importance measures for the explanatory variables included in the model using root mean square error (RMSE) as the loss function. (A) Comparison between full age spectrum (FAS) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations, (B) between Berlin initiative study 1 (BIS1) and CKD-EPI, and (C) between FAS and BIS1.




Association Between Estimated Glomerular Filtration Rate and Mortality

Kaplan–Meier survival curves according to the eGFR categories are reported in Figure 4. Subjects with an eGFR < 30 ml/min/1.73 m2 exhibit the lowest survival probability during the follow-up time (p-value < 0.001 in all cases).
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FIGURE 4. Kaplan–Meier survival curves of NH residents reclassified by comparing CKD-EPI and BIS1 (A,B) and CKD-EPI and FAS (C,D). Gray curves indicate reclassified residents, while black curves indicate residents not reclassified.


Cox regression analysis confirmed that this significant association also after adjusting for age at the recruitment and sex in Model 2 and additional confounders in Model 3 independently forms the adopted equations (Table 2). Other significant confounders associated with the outcome in Model 3 were age (p < 0.005), gender (p < 0.001), MNA < 12 (p < 0.008), ADL limitations (p < 0.028), and CIRS score (p < 0.001).


TABLE 2. The hazard ratio for the relationship between eGFR and survival chance during the follow-up time.
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However, while for the CDK-EPI and FAS, the HR estimates for the NH residents belonging to eGFR < 30 ml/min/1.73 m2 stage were approximately 2.4, for the BIS1 equation, the corresponding HR was approximately 3.8. Nevertheless, the accuracy in predicting overall mortality did not change significantly across equations in terms of cross-validated concordance index (BIS1 = 0.794, 95% CI: 0.740–0.849; FAS = 0.790, 95% CI: 0.738–0.843; CDK-EPI = 0.790; 95% CI: 0.736–0.845).



Chronic Kidney Disease Stage Reclassification by Estimated Glomerular Filtration Rate Categories

Chronic Kidney Disease Epidemiology Collaboration showed a low level of agreement with BIS1 (66.9%) and FAS (62.6%) (Tables 3A,B). Of the 173 NH residents who were reclassified by BIS1 compared with CKD-EPI, the vast majority of reclassification (98.3%) placed NH residents in a higher-severity stage (lower eGFR category) and 1.7% to a lower CKD stage (higher eGFR category) (Table 3A). When comparing CKD-EPI and FAS, the 195 reclassified NH-residents by FAS were exclusively placed in a higher-severity CKD stage (Table 3B). At variance, BIS1 and FAS had a high level of agreement of approximately 92.7% (Table 3C).


TABLE 3. Confusion matrices of NH residents classified by either BIS1 or FAS compared with CKD-EPI equations.
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The impact of reclassification on mortality estimates is reported in Figure 5. Among NH residents with CKD-EPI eGFR = 45–60 ml/min/1.73 m2, reclassification by BIS1 or FAS in the eGFR = 30–45 ml/min/1.73 m2 group was associated with significantly reduced survival. Among patients with CKD-EPI > 60 ml/min/1.73 m2, reclassification by BIS1 or FAS in the eGFR = 45–60 ml/min/1.73 m2 group was associated with a borderline significant reduced survival. Finally, attrition bias did not affect study results (p > 0.05 for all eGFR equations).
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FIGURE 5. Kaplan–Meier survival curves according to the eGFR categories for (A) BIS1, (B) FAS, and (C) CDK-EPI.





DISCUSSION

The present study shows that BIS1, FAS, and CKD-EPI equations could be used interchangeably only to some extent when staging CKD among older NH residents. Indeed, while BIS1 and FAS equations provide very similar estimates, CKD-EPI tends to overestimate values obtained with the other equations. Additionally, age, sex, and BUN are the main determinants of difference across equations. Finally, even if all three equations may predict prognosis with similar accuracy, NH residents with CKD-EPI = 45–60 ml/min/1.73 m2 reclassified by BIS1 or FAS in the 30–45 ml/min/1.73 m2 stage showed reduced survival compared to not reclassified ones.

Disagreement among eGFR values obtained with different equations has been frequently reported, but only few studies included the most recently introduced BIS and FAS equations, and data about older NH residents are distinctively lacking. Bland–Altman analysis carried out in the present study showed that the difference between CKD-EPI and BIS1 or FAS was very similar to that observed among community-dwelling individuals in former studies (38), as well as the negligible average difference between BIS and FAS is known to be related to the fact that FAS has been designed to match the BIS equation for ages > 70 years (30). Additionally, FAS was recently reported to predict eGFR calculated using the creatinine/cystatin C-based CKD-EPI equation with a median bias of 10.2 ml/min/1.73 m2 (95% CI = 9.2–10.9) in a population of 1,913 Chinese older patients with CKD (39). Such differences were observed despite the good performance of CKD-EPI, BIS, and FAS equations for measured GFR prediction. Similarly, a recent study by da Silva Selistre et al. (40) has shown that the median difference between CKD-EPI and FAS measured GFR was approximately −2.0 ml/min/1.73 m2, and the corresponding figure for the difference between CKD-EPI and BIS was nearly 0.0. Thus, considering this negligible difference between equations with respect to gold-standard measured GFR, the average differences between CKD-EPI and either BIS or FAS equations observed in our study would be unexpected. However, our study population is very different from that used to develop the CKD-EPI equation which included a pooled population with a wide age range (50 ± 15 years), but only 13.0% of people aged 65 years or above (36). At variance, the FAS equation was developed in a life-span perspective to allow eGFR calculation from childhood to older age (29), while the BIS equation was specifically developed in a population of people aged 70 or above (41). Thus, our findings further suggest that eGFR equations should be chosen taking into consideration the populations they had been developed for.

As regards, potential sources of discrepancy among eGFR equations, serum creatinine, and muscle mass were recently reported to be relevant correlates of disagreement, also impacting known sex differences of the CKD-EPI and BIS or FAS equations (42). While muscle mass was not assessed in the present study, our findings add to current knowledge by showing that BUN may also be involved in determining differences among equations in a population of older NH residents. The role of BUN was formerly investigated in a retrospective study of 2,685 hospitalized patients aged 58.7 ± 14.6 years where higher BUN levels were found associated with more disagreement in CKD staging between Modification of Diet in Renal Disease (MDRD) and CKD-EPI study equations (43). Additionally, lean body mass was formerly found to be the strongest predictor of deviations between eGFR vs. mean of creatinine and urea clearance (44), thus suggesting that the impact of BUN on eGFR discrepancies observed in our study may partly represent an indirect confirmation of the previously observed role of muscle mass.

Although the average difference among equations seems to be small, CKD stages may be significantly affected by equations used at the individual level. Indeed, 33.3% of patients staged as eGFR = 45–60 ml/min/1.73 m2 by CKD-EPI are classified as eGFR = 30–45 ml/min/1.73 m2 with BIS1, and the corresponding figure obtained with FAS is 45.2% in the present study. From the clinical point of view, failure to correctly classify older patients with CKD poses significant challenges, especially when dealing with decision-making about nephrology referral or managing kidney-cleared medications among older patients with multiple chronic diseases treated with polypharmacy regimens. Indeed, several disease-specific guideline recommendations suggest careful dosing of several drugs in patients with eGFR < 60 ml/min/1.73 m2 (45–47), and disagreement between equations may have important implications in terms of missing contraindication or dose reduction recommendation on one side, and underuse or underdosing on the other side. Prognostic implications also deserve to be mentioned. Although the eGFR study equations had comparable prognostic accuracy, BIS and FAS were able to reclassify NH residents, pertaining to a low-risk group with CKD-EPI. This finding suggests that the notion that eGFR estimated through BIS or FAS equations may slightly improve the discriminative capacity of CKD-EPI with respect to overall mortality in older community-dwelling subjects (48) could be extended to a frail population of older NH residents and implies that clinicians and epidemiologists should take into consideration equation-specific thresholds of risk in prognostic assessment and longitudinal studies involving such a frail population. Accordingly, it might be reductive to consider a given eGFR value indicative of a worse prognosis in the elderly without considering the estimating equation used.

The limitations of our study deserve to be mentioned. We used a limited set of data in our study, and we cannot exclude that the study equations may be differently sensitive to not measured factors, such as hydration status and body composition. Indeed, sarcopenia is known to impact creatinine production, and muscle mass may affect differences among creatinine-based eGFR equations (49). Given that body composition was not assessed in our study, further comparative analysis including extended datasets in these kinds of patients seems desirable. Since measured GFR was not available in our study, it seems advisable to consider the prognostic capacity as a property of the estimating equation only in part related to its validity and strictly dependent on the studied population. Additionally, eGFR calculation was based on a single measurement of serum creatinine, thus, we could not account for eGFR changes over time in our study. It should also be observed that CKD definition includes both GFR and albuminuria (50), and albuminuria was found to have the autonomous prognostic capacity in selected populations (51). Accordingly, considering also the albuminuria in the multivariable predictive model might have improved the definition of the prognostic capacity of kidney function measures. However, eGFR can be easily derived from routine blood analysis, whereas albuminuria cannot be considered a routine analysis and was not available in our dataset. Finally, cystatin C or other biomarkers of kidney function were not measured, and we cannot rule out that using different equations including other biomarkers may yield different results. However, using cystatin C-based rather than creatinine-based equations only marginally improves the concordance between CKD-EPI and BIS equations in a former study of community-dwelling older people (38).

In conclusion, our results show that CKD-EPI and BIS1 or FAS equations cannot be considered interchangeable to assess eGFR in a population of older NH residents. The observed differences are mainly explained by sex and BUN and could have a clinically relevant impact on diagnostic and therapeutic approaches. Additionally, BIS1 and FAS are able to identify a not negligible proportion of older NH residents carrying an increased risk of death even if classified as low risk by CKD-EPI. While our study does not allow to draw a definitive conclusion on the diagnostic accuracy of each individual equation, BIS and FAS equations provided very similar eGFR values and classification, and our findings suggest that these two equations specifically developed in older patients may be very useful for clinical assessment of eGFR in NH residents. Their substantial overlap would minimize discrepancy issues when monitoring the progression of CKD or prescribing/dosing kidney cleared medication.
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