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Background: In 2021, the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) validated a new equation for estimated glomerular filtration rate (eGFR). However, this new equation is not ethnic-specific, and prevalence of CKD in Asians is known to differ from other ethnicities. This study evaluates the impact of the 2009 and 2021 creatinine-based eGFR equations on the prevalence of CKD in multiple Asian cohorts.

Methods: Eight population-based studies from China, India, Russia (Asian), Singapore and South Korea provided individual-level data (n = 67,233). GFR was estimated using both the 2009 CKD-EPI equation developed using creatinine, age, sex, and race (eGFRcr [2009, ASR]) and the 2021 CKD-EPI equation developed without race (eGFRcr [2021, AS]). CKD was defined as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73m2 (G3-G5). Prevalence of eGFR categories was compared within each study and within subgroups of age, sex, body mass index (BMI), diabetes, and hypertension status. The extent of reclassification was examined using net reclassification improvement (NRI).

Findings: Of 67,233 adults, CKD prevalence was 8.6% (n = 5800/67,233) using eGFRcr (2009, ASR) and 6.4% (n = 4307/67,233) using eGFRcr (2021, AS). With the latter, CKD prevalence was reduced across all eight studies, ranging from −7.0% (95% CI −8.5% to −5.4%) to −0.4% (−1.3% to 0.5%), and across all subgroups except those in the BMI < 18.5% subgroup. Net reclassification index (NRI) was significant at −2.33% (p < 0.001). No individuals were reclassified as a higher (more severe) eGFR category, while 1.7%−4.2% of individuals with CKD were reclassified as one eGFR category lower when eGFRcr (2021, AS) rather than eGFRcr (2009, ASR) was used.

Interpretation: eGFRcr (2021, AS) consistently provided reduced CKD prevalence and higher estimation of GFR among Asian cohorts than eGFRcr (2009, ASR). Based on current risk-stratified approaches to CKD management, more patients reclassified to lower-risk GFR categories could help reduce inappropriate care and its associated adverse effects among Asian renal patients. Comparison of both equations to predict progression to renal failure or adverse outcomes using prospective studies are warranted.

Funding: National Medical Research Council, Singapore.
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INTRODUCTION

The glomerular filtration rate (GFR) is considered the best overall index of kidney function in medical practice (1). GFR cannot be measured easily; instead, it is common for clinical laboratories to estimate GFR using serum creatinine (eGFRcr), an endogenous filtration marker (2). Current guidelines recommend the 2009 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation (1) for initial assessment of renal function (3, 4). This equation incorporates coefficients for serum creatinine, age, sex, and race (eGFRcr-ASR) (1). In 2021, a new CKD-EPI creatinine equation was validated by Inker et al. (5), derived from fitting the same regression function as the current equations, but without race as an explanatory variable (eGFRcr-AS) (5). Inker and colleagues (5) reported that eGFRcr-AS gave a lower estimated prevalence of chronic kidney disease (CKD) in non-black U.S. adults than eGFRcr-ASR. Because there was an insufficient representation of racial and ethnic groups other than Black and non-Black, they suggested testing this new equation in other ethnic groups (5).

The prevalence of CKD in Asians is known to differ from other ethnicities (6–9). Xu et al. (6) reported that native Chinese ethnicities had a significantly lower prevalence of CKD than native American ethnicities. Kramer et al. (7) reported that CKD prevalence varied across Caucasian, Asian, and Hispanic ethnic groups, although the degree of variability depends on the equation used to estimate GFR. In the North Indian Punjab population, Bragg-Gresham et al. (8) found a markedly higher prevalence of albuminuria but lower prevalence of reduced eGFR when compared against the U.S. population. Furthermore, the epidemiologic pattern and relative contribution of known CKD risk factors, such as blood pressure (10), body mass index (11), and diabetes (12), differ between Asian and Western populations.

Given that GFR estimating equations play an important role in clinical decision making, understanding how eGFRcr-AS, an equation derived from a Western population, performs in Asians is crucial. Over or underestimation of GFR may lead to misclassification of CKD status which may have implications for CKD management. Equations that underestimate GFR may overdiagnose CKD or reclassify patients to a more severe category of CKD leading to intensive management, early referrals for kidney transplant specialty care and dialysis access planning (13, 14). On the other hand, equations that overestimate GFR may underdiagnose CKD or reclassify patients to a less severe category of CKD leading to late referrals and delayed care (13, 14).

In this study, we reported comparative estimates of the prevalence of CKD and its eGFR categories, classified using both the current and new CKD-EPI creatinine equations, across multiple Asian population-based studies. We also examined whether changes in CKD prevalence varied across study cohorts, if these changes were affected by demographics, and the pattern of reclassification of eGFR categories by the 2021 equation.



METHODS


Data Collection

The Asian Eye Epidemiology Consortium (AEEC) (15, 16) is a collaborative network of population-based studies that was established in 2018 to provide deeper insights on the trends and associated risk factors of major age-related eye diseases among Asians. The AEEC was requested to provide data on serum creatinine levels, and known risk factors of CKD such as age, sex, body mass index (BMI), presence of hypertension and presence of diabetes for each study participant. The eight participating cohorts that provided individual-level data to the data coordinating center at the Singapore Eye Research Institute were: the Beijing Eye Study (BES) from China, (17) the fifth Korea National Health and Nutrition Examination Survey (KNHANES) (18) from South Korea, the Singapore Malay Eye Study (SiMES), (19) the Singapore Indian Eye Study (SINDI) (20), the Singapore Chinese Eye Study (SCES) (20) and the Singapore Prospective Study Program (SP2) (21) from Singapore, the Ural Eye and Medical study (UEMS) (22) from Central Asia, and the Central India Eye and Medical Study (CIEMS) from India. While some of these datasets were collected by eye research institutes, they are population-based studies recruiting randomly selected participants from the community to assess the prevalence of ocular as well as non-ocular conditions. Thus, they are representative of their respective general populations. The AEEC was approved by the SingHealth Institutional Review Board in Singapore. All studies adhered to the tenets of the Declaration of Helsinki and had local ethical committee approval. All participants gave written informed consent.



Definitions

eGFR categories were defined as (3, 23): G1 = eGFR ≥90 mL/min/1.73 m2; G2 = eGFR 60-89 mL/min/1.73 m2; G3 = eGFR 30–59 mL/min/1.73 m2; G4 = eGFR 15–29 mL/min/1.73 m2; G5 = eGFR <15 mL/min/1.73 m2. GFR was estimated using both the 2009 CKD-EPI Creatinine Equation (eGFRcr-ASR]) (1) and the 2021 CKD-EPI Creatinine Equation (eGFRcr-AS) (5). Presence of diabetes was identified if a random plasma glucose was ≥ 11.1 mmol/l, HbA1c was ≥ 6.5%, or participants self-reported use of hypoglycemic medication or had physician-diagnosed diabetes. Presence of hypertension was defined as systolic blood pressure of ≥ 140 mmHg, diastolic blood pressure of ≥ 90 mmHg, a self-reported history of physician-diagnosed hypertension or use of antihypertensive medication. Height was measured in centimeters using a wall-mounted measuring tape and weight in kilograms using a digital scale. BMI was calculated as the weight in kilograms divided by the square of height in meters (kg/m2). eGFRcr-AS and eGFRcr-ASR are governed by the following formula, albeit with different coefficients (24):
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Statistical Analysis

The change in G3-G5 prevalence when using eGFRcr-AS compared to eGFRcr-ASR was calculated in each of the eight participating studies. This was done within the overall study cohort and within subgroups of age, sex, BMI, diabetes, and hypertension status. Change in prevalence of individual eGFR categories was also compared in each study. Net reclassification improvement (NRI) (25) was calculated to quantify the extent of reclassification when using eGFRcr-AS. Baseline characteristics of three subgroups were examined in detail: (1) participants classified as G1-G2 (eGFR ≥ 60 mL/min/1.73 m2) according to both equations (“Normal eGFR”); (2) participants classified as G3-G5 according to eGFRcr-ASR but reclassified as G1-G2 according to eGFRcr-AS (“Reclassified”); and (3) participants classified as G3-G5 (eGFR < 60 mL/min/1.73 m2) by both equations (“Non-Reclassified”). Data on serum cystatin C was only available in the SINDI and SCES cohort. Hence, in supplementary analysis, we further compared prevalence of various CKD categories in the subgroup of SINDI and SCES, using the cystatin C only equation and creatinine + cystatin C equations (eGFRcys-AS; eGFRcr-cys-ASR; eGFRcr-cys-AS). Finally, because the CKD-EPI equations were developed for black vs. non-black American populations, we further calculated G3-G5 prevalence using the modified four-level ethnicity equation proposed by Stevens et al. (26), which was a modification of eGFRcr-ASR, that significantly improved bias in Asians within their validation set. In all analyses, statistical significance was defined as p < 0.05. All analyses were conducted using SAS 9.4 (2016) by SAS Institute Inc., Cary, NC, USA.




RESULTS

Table 1 provides the baseline characteristics of participants included in the analysis of the general population which included 67,233 participants across 8 population-based studies. Prevalence of CKD (G3-G5) in the entire cohort was 8.6% (n = 5800/67,233) using eGFRcr-ASR and 6.4% (n = 4307/67,233) using eGFRcr-AS. Mean (SD) age across studies ranged from 45.7 (19.4) years (KNHANES) to 64.5 (9.6) years (BES); Proportion of men ranged from 40.9% in BES to 50.8% in SINDI. Mean (SD) BMI ranged from 19.7 (3.4) % in CIEMS to 27.9 (5.0) % in UEMS. Mean (SD) eGFR ranged from 72.0 (19.0) in UEMS to 99.1 (22.2) in KNHANES using eGFRcr-ASR, and 75.7 (19.2) in UEMS to 102.2 (20.7) in KNHANES using eGFRcr-AS. Figure 1 provides visual representation of the prevalence of each eGFR category in the eight cohorts. Table 2 shows that all 8 studies saw a reduction in CKD prevalence when eGFRcr-AS instead of eGFRcr-ASR was applied. Prevalence of CKD ranged from 2.0% (BES) to 29.1% (UEMS) using eGFRcr-ASR and 1.6% (BES) to 22.2% (UEMS) using eGFRcr-AS. The largest and smallest reduction was −7.0% (95%CI −8.5% to −5.4%) in UEMS and −0.4% (−1.3% to 0.5%) in BES respectively (Table 2). Supplementary Table 1 shows how the prevalence of each eGFR category within the individual cohorts changed from eGFRcr-ASR to eGFRcr-AS. Supplementary Table 2 further examined the changes in prevalence of eGFR categories within subgroups of age, sex, BMI, diabetes, and hypertension status. A reduction in G3-G5 prevalence when using eGFRcr-AS was observed in all subgroups, except for SCES and BES which saw no change (0.0%) in the BMI < 18.5% subgroup. The reduction in G3-G5 prevalence was also more marked in men (than women) across all included studies, except CIEMS. Supplementary Table 3 explains this observation by mathematically comparing the coefficients of the eGFRcr-ASR and eGFRcr-AS equations (24), and their net effects on the calculated eGFRcr. Table 3 reflects reclassification of eGFR categories when eGFRcr-AS was used. NRI was significant at −2.33% (p < 0.001). No individuals were reclassified as a higher (more severe) eGFR category, while 1,568 individuals were reclassified as a lower category. Of the 1,568 individuals 1,493 were reclassified from G3 to G1 or G2, 68 were reclassified from G4 to G3, and 7 were reclassified from G5 to G4. No participant was reclassified from G4 or G5 to G1 or G2. Table 4 examines baseline characteristics of “Normal eGFR”, “Reclassified”, and “Non-Reclassified” subgroups. There was a significant difference (all p < 0.001) in mean age (higher), sex (more males), mean BMI (higher), proportion with diabetes (higher) and proportion with hypertension (higher) in “Reclassified” compared to “Normal eGFR” (Table 4). Supplementary Table 4 compares prevalence of CKD categories in a subgroup cohort from SINDI and SCES, which had data on serum cystatin C. In our supplementary analysis, eGFRcys-AS estimated a 11.0% (10.2 to 11.8) prevalence of G3-G5, compared to 6.8% (6.2 to 7.5) by eGFRcr-ASR and 4.9% (4.4 to 5.5) by eGFRcr-AS. Compared to eGFRcr-ASR, eGFRcr-AS had a negative effect on G3-G5 prevalence [−1.9% (−2.2% to −1.5%)] while eGFRcys-AS has a positive effect [4.2% (3.5% to 4.9%)]. Supplementary Table 5 shows that when using the four-level ethnic variable CKD-EPI equation (26) instead of eGFRcr-ASR, all 8 studies also saw a reduction in G3-G5 prevalence. This reduction was comparable to the magnitude of reduction when eGFRcr-AS was used (Table 2).


Table 1. Characteristics of participants in the eight Asian study cohorts (n = 67233).
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FIGURE 1. Prevalence of eGFR Categories in the eight Asian study cohorts.



Table 2. Estimated Prevalence of eGFR Categories G3-G5 (eGFR <60 mL/min/1.73 m2) in the study cohorts.
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Table 3. Reclassification of eGFR categories using eGFRcr-ASR and eGFRcr-AS equations.
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Table 4. Participant characteristics according to eGFR category reclassification.
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DISCUSSION

In this cross-sectional analysis including participant-level data from eight Asian cohorts, we found that CKD prevalence (G3-G5) was reduced when eGFRcr-AS was used instead of eGFRcr-ASR. This reduction occurred in all eight cohorts, and in nearly all subgroups. The largest prevalence reduction was in UEMS (-7.0%) and the smallest prevalence reduction was in BES (-0.4%). In reclassification analysis, NRI was significant at −2.33% (p < 0.001), no individuals were reclassified into a more severe eGFR category, and no individual in G4 or G5 based on eGFRcr-ASR was reclassified to G1 or G2.

The reduction of CKD prevalence was expected by virtue of the eGFRcr-AS and eGFRcr-ASR equations themselves. Coefficient κ remained unchanged, while the net effect of updated coefficients μ, α1, α2, and c act to increase eGFRcr, regardless of serum creatinine. The updated coefficient d, applied only to females, decreases calculated eGFRcr, but the effect of increasing μ negates the effect of reducing d. Hence, assuming a constant patient where age and serum creatinine remain unchanged, all calculations with eGFRcr-AS would necessarily produce a greater estimation of the GFR than eGFRcr-ASR.

The largest and smallest reduction in CKD prevalence was −7.0% in UEMS and−0.4% in BES respectively. The UEMS cohort had the highest prevalence of G3a (23.4%, n = 1364/5841) while BES had the lowest G3a prevalence (1.2%, n = 19/1605) the highest prevalence of G3a in UEMS leads to a higher proportion of individuals more likely to be reclassified from G3a to G2 when eGFRcr-AS is applied. Next, in reclassification analysis, NRI was significant at−2.33% (p<0.001). We can infer that 2.33% of individuals were classified into a lower eGFR category by eGFRcr-AS. However, NRI does not speak toward the appropriateness of the reclassification. eGFRcr-ASR could be the more suitable equation to use among Asian populations as it provides closer estimation of measured GFR in current literature. For instance, Ferreira et al. (27) tested both sets of equations in patients with high cardiovascular and renal risk from the Action to Control Cardiovascular Risk in Diabetes (ACCORD), Systolic Blood Pressure Intervention Trial (SPRINT), and Aldosterone Antagonist Therapy for Adults with Heart Failure and Preserved Systolic Function (TOPCAT) trials. They reported that eGFRcr-AS led to an underestimation of GFR and classified more patients as having worse CKD stages (27). Furthermore, when developing these equations, Inker et al. (24) reported that among non-Black participants, eGFRcr-ASR overestimated measured GFR by 0.5 (−0.9 to 0.0) mL/min/1.73 m2, while eGFRcr-AS overestimated measured GFR by 3.9 (−4.4 to −3.4) mL/min/1.73 m2. Hence, among Asians (all considered non-Black in this study), eGFRcr-ASR could perhaps provide an eGFR that more closely approximates measured GFR. If, however, the eGFRcr-AS is used instead, the present analysis showed that no participant was reclassified from G4 or G5 to G1 or G2, suggesting that a gross misclassification of renal function is unlikely.

We further examined characteristics of individuals identified as having G3-G5 under eGFRcr-ASR but G1-G2 CKD under eGFRcr-AS (“Reclassified”). All “Reclassified” individuals occurred from participants originally in G3 (n = 1493). “Reclassified” individuals generally had characteristics of a higher cardiovascular risk profile (28)—they were more likely to be older, male, and have higher mean BMI, diabetes, or hypertension than the “Normal eGFR” group (G1-G2 using either equation). Furthermore, those identified as G3-G5 according to both equations (“Non-Reclassified”) also had characteristics of higher cardiovascular risk than “Reclassified” individuals (more likely to be older, higher mean BMI, have diabetes, or hypertension). In short, there seems to be an increase in the cardiovascular risk profile from “Normal eGFR” to “Reclassified” to “Non-Reclassified”, in line with existing knowledge that impaired kidney function increases the risk of cardiovascular disease (28, 29). Hence, even if “Reclassified” individuals are deemed to have a better renal profile, this group of patients might still have a high cardiovascular risk requiring medical attention at an individual level. Another observation we made in our reclassification analysis was that approximately a third of G3 and G4 individuals were reclassified to a lower eGFR category by eGFRcr-AS, but individuals originally in G5 were relatively unaffected (not reclassified). Perhaps this would have more implications on reducing the healthcare burden of screening and surveillance (less frequent primary care follow up for G3 and G4 patients for progression or complications), and less impact on dialysis or transplant planning (approximately similar prevalence of G5 patients with severely impaired kidney function).

While our main analyses focused on creatinine-only equations, cystatin C is important to discuss as an alternative filtration marker for estimating GFR (24). In subgroup analysis of the SINDI and SCES cohort, both eGFRcr-ASR and eGFRcr-AS were not concordant with eGFRcys-AS in estimating absolute CKD prevalence. Compared to eGFRcr-ASR, eGFRcr-AS had a negative effect on G3-G5 prevalence while eGFRcys-AS has a positive effect. Clinicians should be aware of such nuances if opting to use these newer equations for eGFR calculation.

A strength of this study is the availability of individual patient-level data across all cohorts, allowing accurate calculation of eGFR which could influence CKD prevalence rates, subgroup, and reclassification analysis. Furthermore, our inclusion of only population-based studies may improve the validity of our findings as recruitment of stable participants from the community is less prone to selection bias. However, this study is not without its limitations. First, data on serum cystatin C levels was not available in most cohorts, preventing us from examining cystatin C or creatinine + cystatin C based eGFR equations. Although not yet widely used in clinical practice, serum cystatin C is recommended for confirmatory testing of eGFR (3). Furthermore, data on albuminuria/ UACR was also sparse. Albuminuria is needed to appropriately prognose CKD, and is frequently monitored alongside eGFR in the clinical care of patients with CKD (3). Second, there was no available data on measured GFR using exogeneous filtration markers such as iohexol, iothalamate or chromium 51-labeled ethylenediaminetetraacetic acid (51Cr-EDTA) (30). Obtaining measured GFR would have allowed us to validate the eGFRcr equations against measured GFR in this Asian cohort. This would lend strong evidence to the argument of whether eGFRcr-ASR or eGFRcr-AS should be used among Asian populations. Although we proposed above that eGFRcr-ASR might provide a closer estimation of actual GFR, evidence from Inker et al. (24) is based on non-Black individuals within the United States, which is not an ideal representation of Asian ethnicities (6). To the best of our knowledge, no studies to date have validated the new CKD-EPI equations against measured GFR in Asian populations. Alternatively, one could prospectively compare the incidence of adverse events or kidney failure in patients where eGFR was calculated with different equations, as this would be more clinically feasible.

In summary, the present analysis shows that eGFRcr-AS consistently provides a reduced CKD prevalence among Asian cohorts than eGFRcr-ASR, building on current literature which has not described the performance of this new CKD-EPI equation in Asians. Based on current risk-stratified approaches to CKD management, if eGFRcr-AS were used, more patients reclassified to lower-risk GFR categories could help reduce inappropriate care and its associated adverse effects among Asian renal patients. However, prospective studies evaluating the associations of CKD (estimated by both equations) with kidney failure or adverse outcomes are warranted to confirm if those reclassified to a lower severity level with eGFRcr-AS have a lower incidence of adverse outcomes compared to the current equation. Confirmation of our findings in prospective studies will affirm current practice that widespread use of eGFRcr-ASR in Asian healthcare institutions is appropriate, considering that CKD is a major chronic disease with substantial public health burden worldwide.
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