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Abstract 179 

Background 180 

Kidney disease is an important health equity issue with Black, Hispanic, and socioeconomically 181 

disadvantaged individuals experiencing a disproportionate burden of disease. Prior to 2021, the most 182 

common estimated glomerular filtration rate (eGFR) equations incorporated coefficients for Black race 183 

that conferred higher GFR estimates for Black individuals compared to non-Black individuals of the same 184 

sex, age and blood creatinine concentration. With a recognition that race does not delineate distinct 185 

biological categories, a joint task force of the National Kidney Foundation and the American Society of 186 

Nephrology recommended the adoption of the CKD-EPI 2021 race-agnostic equations.  187 

Content 188 

This document provides guidance on implementation of the CKD-EPI 2021 equations. Kidney disease 189 

biomarker testing and strategies that clinical laboratories can use to improve kidney disease detection in 190 

high-risk populations are also detailed. Further, the document provides guidance on the appropriate use 191 

of cystatin C, and eGFR in gender-diverse populations.  192 

Summary 193 

Implementation of the CKD-EPI 2021 eGFR equations represents progress towards health equity in the 194 

management of kidney disease. Ongoing efforts by multidisciplinary teams, including clinical 195 

laboratorians, should focus on improved disease detection in clinically and socially high-risk populations. 196 

Routine use of cystatin C is recommended to improve the accuracy of eGFR, particularly in patients whose 197 

blood creatinine concentrations are confounded by processes outside of the kidney. Because currently 198 

available eGFR equations incorporate a sex coefficient, calculations that use male and female coefficients 199 

are important when managing gender diverse individuals and a more holistic management approach 200 

should be employed at important clinical decision points.    201 
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Introduction  202 

Despite significant progress in disease diagnosis and treatment, racial and ethnic minorities experience 203 

lower quality of care and poorer outcomes for several health conditions compared to non-minorities. 204 

These disparities have been researched extensively, and acknowledged by the federal government for 205 

more than three decades (1). In 2020, the widely publicized and tragic deaths of multiple Black individuals 206 

heightened collective calls to examine and mitigate the impacts of systemic racism on racialized minority 207 

populations. On the heels of these events, the disproportionate burden of COVID-19 morbidity and 208 

mortality experienced by racialized minorities galvanized momentum for change across several 209 

institutions, including healthcare (2,3). Racial and ethnic healthcare disparities are influenced by a 210 

complex interplay of biological and social factors, and in some instances, can be perpetuated and 211 

exacerbated by systemic healthcare practices (2–4). One such practice, the use of Black race coefficients 212 

in estimated glomerular filtration rate (eGFR) equations, prompted the formation of a joint task force by 213 

the National Kidney Foundation (NKF) and the American Society of Nephrology (ASN) to reassess the 214 

inclusion of race in diagnosing kidney diseases, risk stratification and staging. The recommendations 215 

stemming from the work of the NKF-ASN Task Force and the rationale for the proposed recommendations 216 

were detailed in interim and final reports (4,5) and can be summarized as follows: 217 

1. For US adults, the CKD-EPI 2021 (Chronic Kidney Disease Epidemiology Collaboration) creatinine-218 

based eGFR (eGFRcr) equation that was developed without the use of the race coefficient should 219 

be implemented immediately in all laboratories. 220 

2. National efforts should be undertaken to facilitate increased, routine, and timely use of cystatin 221 

C, in populations at risk for chronic kidney disease (CKD) or who have CKD. The race-neutral CKD-222 

EPI 2012 eGFRcys and CKD-EPI 2021 eGFRcr-cys equations should be adopted to provide more 223 

accurate first-line or confirmatory testing, as appropriate for the clinical setting. 224 
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3. Research on GFR (glomerular filtration rate) estimation with new endogenous filtration markers 225 

and on interventions to eliminate racial and ethnic disparities in kidney disease should be 226 

encouraged and funded. 227 

The purpose of this guidance document is to provide a tool for clinical laboratorians to facilitate 228 

implementation of the NKF-ASN Task Force recommendations. In addition to discussing practical aspects 229 

of implementing the CKD-EPI 2021 eGFRcr equation and cystatin C testing, the document explores CKD risk 230 

factors, laboratory tests that are used to diagnose and manage CKD, and recommendations on 231 

appropriate utilization of cystatin C-based eGFR equations. In addition, this document provides a 232 

framework for understanding the nuances and potential harms of utilizing race as a biologic classifier in 233 

eGFR and details evidence-based, actionable measures that clinical laboratorians can take to improve 234 

equity in kidney health. Race, ethnicity and gender identity can intersect to impact how individuals receive 235 

healthcare (6). Greater attention on GFR reporting and its challenges, also highlights the importance of 236 

appropriate use of eGFR in transgender and gender diverse individuals and therefore, considerations for 237 

eGFR reporting in these populations  are also discussed. 238 

What groups are at risk for worse disease burdens and outcomes from CKD? 239 
 240 
Key Summary Points:  241 

• Clinical risk factors for kidney disease include diabetes, hypertension, a family history of kidney 242 

failure and older age.  243 

• Racial and ethnic minorities and individuals with low socioeconomic status experience worse 244 

kidney health and clinical outcomes  245 

• Individuals with two APOL1 risk alleles have a significantly greater risk of kidney disease; these 246 

have been reported to be most prevalent in individuals of recent West African ancestry 247 

 248 
CKD is the gradual loss of kidney function and remains a global public health concern (7). The 249 

Kidney Disease Improving Global Outcomes (KDIGO) Clinical Practice Guidelines define CKD as 250 
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abnormalities of kidney structure or function, present for >3 months, with implications for health (8). For 251 

CKD diagnosis one or more markers of kidney damage must be present for >3 months. CKD staging is 252 

performed on a continuum and is determined based on clinical manifestation of kidney damage, 253 

reductions in GFR, increases in albuminuria, or anomalies in other kidney biomarkers.  CKD is classified by 254 

identifying the cause of CKD (C), assigning a GFR category (G) and assigning an albuminuria category (A), 255 

which is collectively known as “CGA Staging” (8). CKD is classified into six GFR categories as described in 256 

Table 1.  257 

In 2021, the Centers for Disease Control and Prevention (CDC) estimated that 37 million adults in 258 

the United States have CKD (7).  Complex interactions of social, environmental, and biologic factors are 259 

associated with CKD. Women exhibit a higher prevalence of CKD (14.3% versus 12.4%) (7), however men 260 

have a higher risk of developing kidney failure (9–11). CKD is more prevalent in Black non-Hispanic (16.3%), 261 

and Black Hispanic (13.6%) adults than White and Asian non-Hispanic and White Hispanic adults (12.7% 262 

and 12.9%, respectively) (7,12). Further, Black and Hispanic persons have a 3.3- and 1.9-fold higher risk, 263 

respectively, of developing kidney failure requiring dialysis as compared to White individuals (13,14). 264 

However, White persons are more likely to be placed on the waitlist for a kidney transplant prior to dialysis 265 

initiation, and more likely to receive a living donor kidney transplant while on dialysis as compared to 266 

Black and Hispanic individuals (15). 267 

Clinical risk factors for CKD include diabetes mellitus, hypertension, cardiovascular disease, 268 

obesity, history of acute kidney injury, older age (≥65 years), suboptimal diet (including high intake of 269 

animal protein and low intake of fruits and vegetables) (7,16,17), hereditary kidney disorders (18,19) and 270 

the presence of kidney disease risk variants (7,20). Social determinants of health also contribute to CKD 271 

incidence, prevalence and morbidity. Socioeconomic variation in health outcomes can be quantified using 272 

the social deprivation index (SDI), which measures area level deprivation based on seven demographic 273 

characteristics (income, education, employment, housing, household characteristics, transportation and 274 
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demographics) collected in the American Community Survey (21). A higher SDI indicates a higher level of 275 

combined socioeconomic stressors. Individuals who experience the most deprivation also experience 276 

worse kidney health and healthcare compared to those in low SDI neighborhoods, irrespective of race 277 

(15). Nevertheless, within SDI cohorts, racial and ethnic disparities in end-stage kidney disease (ESKD) 278 

incidence and preemptive kidney transplant remain evident (4).   279 

In addition to the disparities in health related to social determinants, genetic variants play a clear 280 

role in increasing risk of kidney disease in some Black individuals.  Individuals with two risk variants for 281 

the gene that encodes apolipoprotein 1 (APOL1) are at significantly greater risk for developing many types 282 

of severe kidney disease  (22,23). These risk alleles are more prevalent in individuals of recent West 283 

African ancestry  (22,23). The presence of two risk alleles confers a significantly greater risk of 284 

hypertension-attributed ESKD, focal segmental glomerulosclerosis and HIV associated nephropathy. 285 

APOL1 ‘kidney disease variants’ are not 100% penetrant and more research is needed to assess the impact 286 

of environmental and psychosocial factors on gene expression in kidney disease.  287 

What tests are used to diagnose and manage chronic kidney disease? 288 
 289 
Key Summary Points:  290 
 291 

• Patients with risk factors for CKD should be evaluated and followed with measurements of 292 

creatinine and/or cystatin C to determine eGFR and with uACR 293 

• The Kidney Profile test order, which combines eGFR and uACR together under one heading on the 294 

laboratory requisition form or electronic health record order, can simplify test ordering for  295 

detection and diagnosis of CKD 296 

Clinical laboratory tests used to diagnose and manage CKD include creatinine, cystatin C, GFR 297 

(measured or estimated), and urine albumin-creatinine ratio (uACR). A brief summary of 298 

recommendations for measurement and reporting of each test or equation can be found in Table 4.   299 
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Creatinine 300 
 301 

Creatinine, a catabolic product of muscle metabolism, is measurable in blood and urine. Normally, 302 

creatinine is generated at a constant rate and creatinine in the blood is freely filtered by the glomerulus.  303 

In addition,  10-30% of creatinine excretion is due to tubular secretion (24). Of note, creatinine is an 304 

imperfect marker of GFR because several non-GFR determinants can affect systemic creatinine 305 

concentrations in the absence of kidney damage.  Non-GFR determinants of blood creatinine are 306 

described in Table 2.  307 

Cystatin C 308 
Cystatin C is a 13.3 kDa protease inhibitor that is synthesized in all nucleated cells, freely filtered 309 

through the glomerular membrane, and resorbed and catabolized in the proximal tubules (25). Cystatin C 310 

has been established as an alternative and adjunct to creatinine in GFR estimation (25–27), with equations 311 

that incorporate both markers showing superior performance than those relying solely on creatinine 312 

(26,27). Furthermore, cystatin C has shown utility as a marker for acute kidney injury (AKI) in certain 313 

settings (28,29). Cystatin C also has non-GFR determinants, as described in Table 2, and these 314 

determinants may be enriched in hospitalized individuals (9).  315 

Estimated glomerular filtration rate 316 
 317 

Direct evaluation of GFR requires blood or urinary clearance of exogenous analytes that are 318 

filtered, but not resorbed, by the kidney.  Common agents used to directly measure GFR include inulin 319 

(traditionally the gold standard for measured GFR (mGFR) but not currently available in the US), 320 

iothalamate and iohexol.  For the direct measurement of GFR, serial blood samples are generally collected 321 

to determine clearance kinetics of these agents.  eGFR has predominantly replaced mGFR and timed urine 322 

collections for creatinine clearance in most clinical practice due to practical and cost considerations. GFR 323 

estimation equations utilize the concentration of kidney biomarkers such as creatinine and/or cystatin C 324 

in the blood to evaluate GFR. Prior to the introduction of the CKD-EPI 2021 refit equations, the 4v-MDRD 325 
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and 2009 CKD-EPIcr equations were the most commonly used creatinine-based eGFR equations in the US, 326 

with more than 70% of laboratory users reporting eGFR using the 4v-MDRD equation (30). As previously 327 

described, both equations were derived using blood creatinine in conjunction with age, sex and a Black 328 

race coefficient, resulting in an indexed eGFR that is standardized to a body surface area (BSA) of 1.73 m2 329 

(the average BSA of a 70 kg man). The CKD-EPI 2021 refit equations incorporate blood creatinine (eGFRcr), 330 

or creatinine and cystatin C (eGFRcr-cys), along with age and sex. eGFR equations are detailed in Appendix 331 

1.  332 

Urine albumin to creatinine ratio  333 
 334 

The uACR helps estimate the amount of albumin excreted in the urine over 24 hours based on 335 

assumptions regarding creatinine excretion. While uACR does not directly assess eGFR, when there is 336 

aberrant filtration due to kidney damage, this value is typically elevated and is used to assess risk for 337 

progression in conjunction with eGFR. Normally, only small quantities of albumin are filtered by the 338 

glomerulus; however, albumin is usually nearly completely resorbed in the proximal tubules via active 339 

transport processes. In the setting of compromised tubular function, or when high quantities of albumin 340 

enter the filtrate due to glomerular disease, active transport mechanisms become saturated, leading to 341 

excretion of albumin into the urine.  Urinary albumin should be normalized to urine creatinine and 342 

reported as a ratio, uACR, due to variability in dilution and concentration of the urine and overall water 343 

balance.  uACR may be determined from a random urine sample or a 24-hour collection. Normalization of 344 

urine albumin to urine creatinine in a 24-hour or other timed urine collection may not be necessary if the 345 

value of interest is the albumin excretion rate in mg/min or mg/24hrs.  uACR results <10 mg/g of creatinine 346 

are optimal, 10-30 mg/g is mildly increased, 30-300 mg/g is moderately increased and >300 mg/g is 347 

markedly increased (8,31). Historically, the term microalbumin was used as a pseudonym for urine 348 

albumin or uACR determinations. This term is a misnomer, and current recommendations advocate that 349 
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the term urine albumin be used to describe the individual measurement, and uACR be used as the 350 

indicator of albuminuria (8).  351 

Urine albumin assays are not standardized, which precludes the application of uniform clinical 352 

decision points in the assessment of albuminuria between laboratories that use different assays (32,33). 353 

While most urine albumin assays are relatively precise, with coefficients of variation ranging between 5.2-354 

8.1%, assay, bias relative to isotope dilution-liquid chromatography-mass spectrometry reference assays 355 

causes lack of agreement among assays (32,33). Patients should be screened and monitored using serial 356 

urine albumin measurements by the same assay to calculate the uACR. Standardization efforts are 357 

underway to enable better agreement between measurements performed at different laboratories 358 

(32,33). It should be emphasized that urine albumin and uACR exhibit large intra-individual biological 359 

variation, which can be larger than the differences observed between albumin measurements using 360 

assays from different manufacturers (32–34).  361 

Several commercially available urine albumin assays are limited by their lower limit of 362 

quantification (LLOQ), which prevents precise calculation of the uACR when urine albumin is below the 363 

LLOQ. In these instances, Miller et al. recommend utilizing the manufacturer-defined LLOQ  as the 364 

numerator in the uACR calculation; however, this strategy can result in falsely increased rates of uACRs 365 

above the clinically important threshold of 30 mg/g (35,36). As an alternative, lower limits of 366 

quantification can be validated by the clinical laboratory (36). Changing the LLOQ would render an assay 367 

FDA-modified, and as such a thorough validation study by the clinical laboratory would be required. 368 

Greene et al. validated a decreased LLOQ of 3mg/L for urine albumin, compared to the manufacturer-369 

defined LLOQ of 12 mg/L. Linearity at the lower LLOQ was assessed by making serial dilutions of urine 370 

samples such that the dilutions spanned the LLOQ. The limit of blank and limit of detection were calculated 371 

using serial measurements of diluent blank and low concentration samples. Imprecision of ≤10% was 372 

considered acceptable for a reduced LLOQ. Urine samples with measured albumin concentrations < 12 373 
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mg/L were compared with an external laboratory’s assay with a validated LLOQ of 3 mg/L. This study 374 

found that among specimens with urine albumin concentrations of < 12 mg/dL, 0.4% (n=499) had uACRs 375 

of >30mg/g, compared to 21.4% specimens when the manufacturer-defined LLOQ was substituted as the 376 

numerator in the uACR calculation (36). Validating dilutions to increase the upper end of the reportable 377 

range can also improve the utility of uACR for risk prediction and disease progression.  378 

Compared to other markers, such as urine protein to creatinine ratios (uPCR), uACR in mg/g is the 379 

preferred urinary marker of kidney damage due to its improved clinical specificity and sensitivity (37).  380 

Currently, KDIGO guidelines stratify three uACR categories, as shown in Table 1.  Further, in a recent meta-381 

analysis, efforts were made to correlate uPCR or qualitative urine protein results with uACR results (Table 382 

3) (38); such correlations may prove useful in their ability to categorize patients by albuminuria stage in 383 

instances where only urinary protein measurements are available.  384 

The Kidney Profile 385 
 386 

To improve screening in high-risk patients, a Kidney Profile order panel was recommended in 2018 as 387 

part of the NKF’s Laboratory Engagement Plan and consists of blood creatinine, eGFR and uACR (39). 388 

Results from the CAP 2020-Chemistry Survey showed that among US participants, only 15% offered the 389 

Kidney Profile (40). The Kidney Profile is aimed, in part, at increasing utilization of uACR, which is used in 390 

combination with eGFR for CKD diagnosis, risk-stratification and therapy; however, it is significantly 391 

underutilized (41–43). The reasons underlying uACR underutilization are multifactorial, but include non-392 

standardized reporting (40) and clinician uncertainty around test utility and interpretation (37,44). The 393 

frequency of CKD monitoring with the Kidney Profile should be tailored to the underlying cause of CKD, 394 

the rate of change of eGFR or uACR, the presence of one or more clinical risk factors, changes to 395 

medication management, intercurrent illness, and active vs conservative management of CKD.    396 
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What equations were most commonly used for eGFR prior to the introduction of 397 

the CKD-EPI 2021 equations?  398 

Key Summary Points: 399 

• The most commonly used eGFR equations prior to 2021 were the 4v-MDRD and CKD-EPI 2009, 400 

which both incorporate Black race coefficients.  401 

• Race and ethnicity are imprecise, nebulously defined systems of classification as they pertain to 402 

genetic ancestry, physiologic characteristics, and socioeconomic status and therefore should not 403 

be used to classify individuals into distinct biological categories 404 

• The CKD-EPI 2021 refit equations were developed because a race-free, equitable approach to 405 
eGFR was desired and needed. 406 
 407 

Creatinine has been used to assess GFR since the 1970s, first via nomograms and later with the 408 

Cockcroft-Gault equation to estimate creatinine clearance. The latter was considered a reasonable 409 

surrogate for evaluation of GFR and utilized to interpret pharmacologic data and establish medication 410 

dosing recommendations (45). In 1999, the 6-variable Modification of Diet in Renal Disease (6v-MDRD) 411 

study equation was published (46). This equation was developed from a predominantly White cohort of 412 

800 men and 500 women enrolled in a clinical study to assess the potential effects of low protein diets on 413 

progression of CKD. The study evaluated 16 patient variables and subsequently derived equations to 414 

estimate GFR. The 6-variable (and subsequent 4-variable) MDRD equations, which incorporated a Black 415 

race coefficient, yielded the best goodness of fit (R2 value), best precision and the least bias when applied 416 

to the original cohort. The studies used to generate the MDRD equations were not consistent in the way 417 

that race was assigned (46).  The Kidney Disease Outcomes Quality Initiative (KDOQI) embraced the 4-418 

variable Modification of Diet in Renal Disease (4v-MDRD) eGFR equation and recommended its use as a 419 

foundation for diagnosis and staging of CKD (31). Use of the Black race coefficient in these equations 420 

became widely accepted. Subsequently, automated reporting of eGFR was endorsed and adopted by 421 
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clinical laboratories to help providers to interpret kidney function based on systemic creatinine 422 

concentration.   423 

In 2009, the CKD Epidemiology Collaboration (CKD-EPI) derived an equation based on a pooled 424 

analysis of 10 studies and validated in 16 international cohort studies, which involved both mGFR and 425 

blood creatinine (47). These studies included individuals across a wide range of age, race, GFR and 426 

creatinine concentrations.  The resulting CKD-EPI 2009 equation exhibited improved performance, 427 

including greater accuracy and precision at higher GFRs as compared to the 4v-MDRD eGFR equation.  428 

However, similar to the 4v-MDRD equation, the derived CKD-EPI 2009 equation incorporated a Black race 429 

coefficient, albeit with a smaller modification coefficient (1.16 vs 1.21) (47). As with the 4v-MDRD 430 

equation, the studies used to generate the equation were not consistent in the way that race was 431 

assigned.  The 4v-MDRD remained the predominant equation used in the US over the past decade (40).   432 

Why is it problematic to include race as a demographic variable in medical algorithms, including 433 
estimated glomerular filtration rate (eGFR) equations? 434 
 435 

Race, ethnicity, genetic ancestry and consequently, genetic variants that influence disease and 436 

health outcomes, are inextricably linked; however, race and ethnicity are imperfect surrogates for genetic 437 

ancestry (48). Notably, African populations exhibit a significant degree of genetic diversity (49). This 438 

diversity, combined with historic and ongoing admixture between persons of different ancestries within 439 

the US has contributed to genetic divergence within racial groups (50,51). Further, no clinical gold 440 

standard exists to determine racial classifications (52). Instead, race and ethnicity are self- or socially-441 

ascribed identities that are often inferred based on physical characteristics such as skin color (48). The 442 

definitions of race vary widely and have changed over time based on cultural and social contexts, 443 

geography, and geopolitical events (48,52). While race and ethnicity may partially represent genetic 444 

ancestry, their use also highlights the effects of negative social determinants of health on racial and ethnic 445 

minority groups due to inequitable access to, and allocation of, health and social resources (4,48). Racial 446 
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and ethnic minorities in the U.S. are more likely to experience negative social determinants of health 447 

despite being socioeconomically diverse (13). The NKF-ASN Task Force acknowledged that the inclusion 448 

of race in the practice of medicine is challenging and problematic due to the complex and changing racial 449 

and ethnic makeup of persons (4).  450 

The use of race and ethnicity in clinical algorithms and laboratory calculations may introduce 451 

disparities in healthcare, as race and ethnicity are social, rather than biologic, constructs (48,49).  Efforts 452 

over the last several years have intensified in recommending the removal of race and ethnicity from 453 

laboratory calculations and other medical algorithms, including eGFR equations, due to concerns that 454 

their inclusion appears to endorse a biological basis for race (53). There are racial and ethnic disparities in 455 

both kidney health and healthcare that are influenced by social, environmental, and biologic factors (4). 456 

Black Americans have a higher prevalence of kidney failure and are less likely to receive patient-centric 457 

kidney failure replacement therapies, including home dialysis, and kidney transplantation, as compared 458 

to non-Hispanic White Americans (15).  In the development of the 4v-MDRD and CKD-EPI 2009 equations, 459 

coefficients were included in calculating eGFR in Black patients to account for higher serum creatinine 460 

concentrations observed in Black patients relative to their mGFRs and to improve accuracy (27,46,47). 461 

These equations exhibit a higher positive bias, i.e. overestimate GFR, in Black individuals compared to 462 

non-Black individuals (46,47).  This practice has the potential to introduce systematic differences in care 463 

between races (4,5). For example, studies have shown that use of the Black race coefficient results in 464 

delayed achievement of a clinical threshold for kidney transplant referral and eligibility in Black patients 465 

(54,55).  466 

While studies have reported that the proportion of African ancestry found in an individual 467 

positively correlates with serum creatinine concentration, a similar association between African ancestry 468 

and mGFR has not been demonstrated (56,57).  Although equations utilizing a Black race coefficient were 469 

rapidly adopted in the United States (U.S.), multiple studies conducted in Black populations outside of the 470 
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US demonstrated limited evidence for the appropriate use of these coefficients in eGFR equations. A 471 

recent systematic review utilized an evidenced-based approach to examine the utility of Black race 472 

coefficients in eGFR equations in African and Brazilian populations (58). Across ten studies representing 473 

1,749 participants that directly compared mGFR to the 4v-MDRD or CKD-EPI 2009 eGFR equations, 474 

exclusion of the  Black race coefficient led to improved agreement with mGFR in Black persons (58). 475 

Furthermore, in studies conducted in the US and the United Kingdom, inclusion of Black race coefficients 476 

in estimating equations led to eGFR results that were discordant markers of kidney disease-related 477 

metabolic dysfunction (e.g. secondary hyperparathyroidsim) and overestimation of eGFR relative to mGFR 478 

in prospective kidney donors (58). 479 

In summary, race and ethnicity are imprecise, nebulously defined systems of classification as they 480 

pertain to genetic ancestry, physiologic characteristics, and socioeconomic status (8).  481 

 482 

What are the new equations and how were they derived? 483 

Key Summary Points:  484 

• The CKD-EPI 2021 equations are listed in Table 4, and were derived in a diverse cohort of 485 

participants with respect to age, sex, BMI and GFR, in which race was mostly self-reported. 486 

• The CKD-EPI 2021 eGFRcr equation performs similarly to the CKD-EPI 2009 equation with respect 487 

to the percentage of measured GFR values within ±30% of the corresponding eGFR value (P30) 488 

and CKD staging. 489 

• The CKD-EPI 2021 eGFRcr equation underestimates GFR in Black individuals by 3.6 ml/min/1.73m2 490 

and overestimates GFR in non-Black individuals by 3.9 ml/min/1.73m2. 491 

• The CKD-EPI 2021 eGFRcr-cys  equation exhibits less bias, a higher P30 and improved CKD staging in 492 

both Black and non-Black patients compared to the CKD-EPI 2021 eGFRcr equation. 493 
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 In 2020, a reexamination of the use of race in medical practice prompted the NKF and ASN to 494 

create a task force that scrutinized the use of race as a variable in eGFR equations (53). The NKF-ASN Task 495 

Force ultimately issued a unifying report recommending the removal of race in the eGFR reports and 496 

endorsing newer 2021 refit equations, which do not include a Black race coefficient (5).  497 

The CKD-EPI 2021 equations are listed in Table 4. The equations were derived using the same data 498 

pools used in the original derivation of CKD-EPI 2009 development data set (eGFRcr), which consisted of 499 

10 studies with a total of 8254 participants, and the CKD-EPI 2012 development data set (eGFRcys and 500 

eGFRcr-cys), which consisted of 13 studies with a total of 5,352 participants. For both CKD-EPI 2021 501 

equations, the regression function that was used for the 2009 and 2012 equations was used to fit new 502 

models that excluded race as an explanatory variable. The equations were validated in a pooled analysis 503 

of 12 studies comprising 4,050 participants with and without CKD, who self-reported as Black or non-Black 504 

in most studies.  Black participants accounted for 31.5% of the 2009 development data set, 39.7% of the 505 

2012 development data set, and 14.3% of the 2021 validation data set.   506 

The CKD-EPI 2021 eGFRcr equation performed similarly to the CKD-EPI 2009 equation with respect 507 

to the percentage of measured GFR values within ±30% of the corresponding eGFR value (P30) and 508 

assignment of GFR stages. Whereas the CKD-EPI 2009 equation overestimated GFR in Black participants 509 

by 3.7 ml/min/1.73m2, the CKD-EPI 2021 eGFRcr equation underestimated GFR  by 3.6 ml/min/1.73m2. 510 

The magnitude of bias in non-Black participants increased to an overestimate of 3.9 ml/min/1.73m2 with 511 

the CKD-EPI 2021 eGFRcr equation compared to 0.5 ml/min/1.73m2 with the CKD-EPI 2009 equation. The 512 

CKD-EPI 2021 eGFRcr-cys equation performed similarly to the CKD-EPI 2012 eGFRcr-cys equation with respect 513 

to P30 and assignment of GFR stage with an underestimate of 0.1 ml/min/1.73m2 in Black participants 514 

relative to the overestimate of 2.5 ml/min/1.73m2 observed with the CKD-EPI 2012 eGFRcr-cys equation.  In 515 

non-Black participants, overestimates of 0.6 and 2.9 ml/min/1.73m2 were observed using the CKD-EPI 516 

2012 eGFRcr-cys and CKD-EPI 2021 eGFRcr-cys equations respectively.  517 
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 The NKF-ASN task force recommended immediate implementation of the CKD-EPI 2021 eGFRcr 518 

equation. While all estimating equations have limitations, the CKD-EPI 2021 eGFRcr equation was 519 

developed in a diverse cohort, exhibits performance characteristics that are acceptable for clinical use, 520 

does not disproportionately affect any one group of individuals and achieves the goal of eliminating the 521 

use of race in estimating GFR. Immediate implementation of the CKD-EPI 2021 eGFRcr equation is feasible 522 

as creatinine is measured in most clinical laboratories. Given the improved performance achieved through 523 

use of both cystatin C and creatinine, the Task Force also recommended increased use of the CKD-EPI 524 

2021 eGFRcr-cys, but acknowledged that several limitations related to cystatin C testing that are discussed 525 

in detail in this document must be overcome to facilitate more widespread implementation.  526 

 527 

How can the clinical laboratory contribute towards closing racial/ethnic disparities 528 

in CKD? 529 

Key Summary Points: 530 
• Early detection and awareness of kidney disease in clinically and socioeconomically high-risk 531 

populations is critical to achieving equitable kidney care 532 

• Laboratorians can contribute towards closing racial/ethnic disparities in CKD through: 533 

o Harmonization of CKD biomarker testing and reporting  534 

o Optimization of CKD biomarker test utilization and interpretation 535 

o Integration of data-driven population health initiatives  536 

 537 
Negative social determinants of health contribute to poorer kidney health and worse kidney 538 

disease outcomes. Black and Hispanic Medicare recipients are over-represented in high SDI 539 

neighborhoods (58.6% & 65.1% respectively) compared to White Medicare recipients (21.5%), are at 540 

higher risk for kidney failure and less likely to receive a kidney transplant (5). Racial and ethnic disparities 541 
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in kidney disease also include late referral for nephrology care, highlighting the importance of screening 542 

in the primary care setting. Specifically, several kidney disease stakeholders have focused advocacy efforts 543 

on earlier detection, practitioner recognition and patient awareness of kidney disease, as these provide 544 

opportunities for clinical and lifestyle interventions that can slow CKD progression, but remain a significant 545 

challenge (5–7). Underutilization of screening is well recognized; however, there are no consensus 546 

screening guidelines for kidney disease (8). Furthermore, more than 88% of individuals with CKD are 547 

unaware of their disease (4) and almost half are in advanced stages when they receive a definitive 548 

diagnosis (8). Therefore, the achievement of equity in kidney care will require key stakeholder 549 

collaboration to increase early detection and awareness of kidney disease in clinically and 550 

socioeconomically high-risk (high SDI) populations (59).  551 

Since diagnosis and staging of CKD are based on laboratory testing, laboratorians are well-poised 552 

to participate in efforts to improve CKD recognition through harmonization of CKD biomarker testing and 553 

reporting (8,31), optimization of CKD biomarker test utilization and interpretation, and integration of 554 

data-driven population health initiatives (59,60). These efforts must be executed in collaboration with 555 

interdisciplinary clinicians across the kidney care continuum, align with nationally-recommended CKD 556 

quality objectives and metrics (61–66), and be outcome driven (61).  557 

 Guidelines and recommendations for harmonization of testing and reporting for creatinine, 558 

cystatin C, uACR and eGFR are listed in Table 4 (8,31,67). Efforts to improve utilization of kidney screening 559 

tests should focus on increasing targeted screening of high risk populations, particularly in primary care 560 

settings, at least annually using eGFR and uACR combined or within the Kidney Profile  (8,31,59,68). 561 

Clinical laboratories can improve test interpretation for both eGFR and uACR by listing guideline-defined 562 

GFR and albuminuria CKD categories with test results. The Kidney Profile (eGFR and uACR) should be 563 

offered as a separate, distinct test from a Kidney Function Panel (blood albumin, urea nitrogen, urea 564 

nitrogen: creatinine ratio, calcium, carbon dioxide, chloride, creatinine, glucose, phosphorus, potassium), 565 
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which is an American Medical Association -recognized test panel that is better suited for monitoring 566 

patients with established CKD (37). Near patient testing and direct-to-consumer testing may offer 567 

advantages to traditional approaches in some instances to reach high-risk groups (19–21). 568 

 Clinical laboratory leaders can significantly contribute to decreasing the racial and ethnic 569 

disparities in CKD by leading multi-disciplinary kidney quality improvement initiatives that include 570 

characterizing the populations served and unserved, identifying testing strategies that align with expert 571 

guidelines, and developing appropriate test menus and clinical decision support tools within their 572 

healthcare systems. Laboratory personnel can also advocate (e.g., at the local, state, national and 573 

professional levels and medical and clinical pathology societies) for care for uninsured patients, since lack 574 

of insurance is an independent risk factor for early death and ESKD in patients with CKD (69). Several 575 

healthcare systems have implemented kidney quality improvement initiatives and reported positive 576 

screening and patient outcomes that include increased uACR testing, improved CKD recognition, 577 

increased nephrology referrals and reduced hospitalizations (23–26). For example, one system 578 

implemented a “creatinine safety program” to increase follow-up evaluation of all single abnormal 579 

creatinine results recorded in the electronic health record (EHR), since diagnosis of CKD requires 580 

establishing chronicity (23). The EHR was used to identify patients with abnormal creatinine results that 581 

did not have repeat creatinine evaluation within 90 days, who were then contacted to coordinate repeat 582 

testing. This initiative led to 3,668 CKD diagnoses, 1,550 patients with chart documentation of CKD and 583 

336 nephrology consults (23). Laboratories can also leverage electronic health record and laboratory 584 

information system (LIS) data to measure the impact of kidney disease interventions, e.g., implementing 585 

race-neutral eGFR equations, on patient kidney health and outcomes. Specific quality indicators can 586 

include, utilization of kidney screening tests in high-risk groups, appropriate and timely referral care, 587 

implementation of therapeutic or lifestyle interventions, living donor candidate rates, and high-risk group 588 
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transplant rates. Health record-based CKD registries that identify patients with CKD based on laboratory 589 

data to target interventions have improved clinical outcomes (70,71).  590 

 While  expert panels currently recommend against screening in the general population in favor of 591 

targeted testing for CKD among high-risk populations (31,68), laboratory data collected during routine 592 

care, urgent care or emergency department visits can provide early, clinically-actionable insight as seen 593 

in the “creatinine safety net” example (26). Creatinine is measured in basic and comprehensive metabolic 594 

panels, and eGFR is reported in 92% of clinical laboratories (40). Patient results can: 595 

• be flagged and/or annotated using LIS and middleware rules;  596 

• trigger clinical decision support tools if the results meet guideline-defined criteria for CKD 597 

diagnosis (eGFR < 60 mL/min/1.73 m2) for 3 or more months or referral to nephrology including:  598 

o GFR < 30 mL/min/1.73 m2, a decline in GFR category accompanied by a ≥25% drop in 599 

eGFR from baseline, 600 

o a decline in eGFR of more than 5 mL/min/1.73 m2/year, uACR > 300 mg/g (consider 601 

referral if unexplained), and 602 

o uACR > 2200 mg/g (nephrotic range albuminuria). 603 

 604 

How should CKD-EPI 2021 equations be deployed by clinical laboratories? 605 

Key Summary Points: 606 
• Calculations from programmed and pre-programmed CKD-EPI 2021 equations must be 607 

extensively verified for accuracy across different creatinine concentrations, races, ages and 608 

sexes. 609 

• eGFR can be reported as integers > 60 mL/min/1.73 m2 when calculated using the CKD-EPI 2021 610 

equations. 611 
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• eGFR results should include a comment or should be named to indicate which equation was 612 

used. 613 

• CKD-EPI 2021 eGFRcr and eGFRcr-cys should not trend with results from older equations.  614 

The NKF Laboratory Engagement Working Group and CKD-EPI collaboration provide 615 

comprehensive guides for implementation of the CKD-EPI 2021 equations (67,72). Reporting 616 

recommendations are detailed in Table 4.  617 

General programming instructions for the equations are included in Appendix 1. Of note, several 618 

LISs provide the CKD-EPI 2021 eGFRcr equation in their foundational programming, making it more feasible 619 

for laboratories to transition to the new equation.  All LIS vendors should offer updated equations as 620 

ready-to-use, thereby alleviating laboratories of the need to conduct site-specific programming and 621 

further aiding in standardization of result reporting.  However, even with the availability of pre-622 

programmed equations in the LIS or middleware solutions, laboratories should carefully verify the 623 

accuracy of these equations.  This may be achieved by calculating eGFR using the CKD-EPI equations in 624 

patients with different creatinine and cystatin concentrations, ages, sexes and races, and comparing the 625 

results with those derived from calculators provided by the NKF.  It is critical for laboratories to confirm 626 

that the same eGFR is generated for a Black and non-Black person of the same age, sex, and blood 627 

creatinine concentration.  Online calculators and mobile applications created or endorsed by the NKF may 628 

be used during equation performance verification (73). It is also recommended that laboratories test the 629 

correct flagging of abnormal results and correct triggering of testing algorithms (e.g. reflex testing), as 630 

appropriate. Of note, the NKF has created a table with different conditions for testing CKD-EPI 2021 eGFRcr 631 

and CKD-EPI 2021 eGFRcr-cys equations (72). KDIGO recommends that eGFR values <60 min/mL/1.73m2 632 

should be reported as decreased, however, diagnosis of CKD requires establishing chronicity of kidney 633 

abnormalities to distinguish chronic from acute kidney disease (8,31). Therefore, clinical context and 634 

previous eGFR values must be considered to guide appropriate follow-up. Further, the values that should 635 
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be flagged as abnormal may vary depending on the patient population being served (e.g. inpatient versus 636 

outpatient). Most importantly, primary care providers and nephrologist must be familiar with institution-637 

, department- or site-specific flagging rules. Result comments describing the GFR categories of CGA staging 638 

can augment result flagging to facilitate interpretation of eGFR values.  639 

 Laboratories should carefully design the reporting of the results of the revised race-agnostic eGFR 640 

equations to facilitate the correct interpretation of results by healthcare providers and patients.  Re-641 

baselining (aka parallel testing) across the new and old equations is not necessary. The concentration of 642 

creatinine can be informative in detecting changes over time (74). eGFR results should be reported and 643 

captured in the patient’s medical record; for institutions where the CKD-EPI 2021 equations have not been 644 

implemented, on-line calculators available from the NKF and the CKD-EPI websites may be used.  Further, 645 

reporting of eGFR should be standardized, and it is recommended that eGFR is reported as a whole 646 

number in units of mL/min/1.73m2.   Of note, while the historic upper limit of eGFR reporting was 60 647 

mL/min/1.73 m2, this was attributed to poor performance of 6v- and 4v-MDRD equations at higher GFRs.  648 

With improved performance of CKD-EPI equations, including the CKD-EPI 2021 refit equations, it is 649 

recommended that eGFR values above 60 mL/min/1.73 m2 be reported to support early detection of 650 

declining kidney function (67). For example, a sustained decline in eGFR of more than 5 mL/min/1.73 651 

m2/year warrants investigation (8,75). Furthermore, there are patient populations in which hyperfiltration 652 

may be observed e.g. critically ill patients, or diabetic patients, where an abnormally high eGFR may 653 

prompt uACR measurement (76). eGFR values corresponding to the upper limit of creatinine reporting 654 

can be reported, but the inaccuracy of estimates relative to mGFR must be considered at higher eGFRs. A 655 

recent cross-sectional study quantified the magnitude and consequences of individual-level differences 656 

between mGFR and eGFR, using data from four community-based prospective cohort studies representing 657 

a total of 3,223 participants (77). While population level differences between mGFR and CKD-EPI 2021 658 

eGFRcr (mGFR- eGFRcr ) were relatively small at -0.6 ml/min/1.73m2, individual level differences between 659 
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mGFR and eGFRcr were relatively larger and increased with increasing eGFR (77). The range of distributions 660 

of mGFR at each eGFR value examined was narrower for both the CKD-EPI 2021 eGFRcr-cys and the CKD-EPI 661 

2021 eGFRcys equations compared to the CKD-EPI 2021 eGFRcr equation (77).  We recommend that 662 

laboratories report the distribution of uncertainty between mGFR and eGFR as a reminder to providers of 663 

the inaccuracy of eGFR for individual patients (77) 664 

 When implementing the CKD-EPI 2021 eGFRcr and/or CKD-EPI 2021 eGFRcr-cys equations, results 665 

should not be trended with results from different and older equations.  This may be accomplished by 666 

building refit equations as new tests or test components and displaying the results in unique new rows 667 

within the electronic medical record. The CKD-EPI 2021 equations have distinct LOINC codes and should 668 

be resulted in distinct result fields to allow for the correct LOINC code to be applied overtime (78). When 669 

applicable, healthcare systems should work to reduce complexities associated with receiving eGFR results 670 

from different laboratories. Equation-specific resulting names or interpretive comments should be utilized 671 

to notify providers of the equations used to estimate GFR. Sample report comments are available on the 672 

NKF website and can be modified to meet the needs of the laboratory, health care professionals and 673 

patients (72).  674 

 Laboratories should also consider creatinine measurements from point-of-care (POC) testing 675 

devices, as not all POC devices have the capability to report eGFR using the 2021 refit equations.  POC 676 

devices used to measure creatinine should use methodologies traceable to isotope dilution mass 677 

spectrometry, and have the capability to report eGFR using equations recommended by professional 678 

societies.  If a POC device does not have the ability to align with central laboratory testing, either in terms 679 

of creatinine reporting units or eGFR equations used, results should not be trended in the medical record 680 

with central laboratory results.   681 

 682 
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What changes can be expected in patient management, drug dosing, and 683 

transplant eligibility by implementing the CKD-EPI 2021 eGFRcr equation? 684 

Key Summary Points: 685 

• Implementation of the CKD-EPI 2021 eGFRcr equation will lead to a lower eGFR in Black individuals 686 

and higher eGFR in non-Black individuals compared to eGFR calculated with formulas that included 687 

race. 688 

• When the eGFR flanks a clinical decision point, confirmatory assessment can be performed using 689 

direct measurement of glomerular filtration, measurement of creatinine clearance, serial 690 

creatinine-based measurements, or estimation of GFR including cystatin C.   691 

Removal of the Black race coefficient and transition to the new CKD-EPI will predictably lead to a 692 

lower eGFR in individuals for whom the Black race coefficient was previously applied and an increased 693 

eGFR in those for whom it was not.  Combined, changes to the calculation for eGFR will alter CKD 694 

classification in patients where eGFR was close to clinical decision thresholds (79,80).     695 

Across the spectrum of eGFR values, transition to new equations yields a range of considerations. 696 

In individuals with an eGFR close to normal, a shift to the race-neutral equation only impacts potential 697 

kidney donor candidates whose eGFR crosses the threshold used at their transplant center. For these 698 

individuals, the shift to the new equation may prevent harm to a potential donor since the CKD-EPI 2009 699 

equation (inclusive of the Black race coefficient) may have overestimated GFR in potential Black donors 700 

(79,81). Further, use of a CKD-EPI 2021 equation may instead prompt appropriate evaluation for kidney 701 

disease, such as screening for albuminuria. When eGFR is near (above or below) the threshold used to 702 

permit donation at a transplant center, mGFR, in conjunction with a recommended CKD-EPI eGFR 703 

including cystatin C,  can be used as confirmatory testing along with an assessment for albuminuria to 704 

ensure the safety of kidney donation. The eGFR is also used to identify patients that are eligible to list for 705 

deceased donor pre-emptive kidney transplant. Although most pre-emptive transplants come from living 706 
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donors, potential recipients are typically not referred to a transplant center until they have an eGFR of 707 

≤20 ml/min/1.73m2. The CKD-EPI 2009 equation has the potential to delay evaluation (54). Based on these 708 

concerns, the Federal Organ Procurement Transplantation Network (OPTN) endorses a race-neutral 709 

assessment of GFR (82).   710 

 Many medications and metabolites are excreted by the kidney and a change in eGFR may prompt 711 

concerns regarding drug dosing. Since eGFR is embedded in current clinical practice, the US Food and Drug 712 

Administration (FDA) recommends use of eGFR with any “contemporary, widely accepted and clinically 713 

applicable estimating equation for the population studied”(83). Dosing parameters are of particular 714 

concern with traditional chemotherapeutic agents, antibiotics, and medications used to treat diabetes 715 

mellitus. Using eGFR to delineate who is eligible for a particular drug and define the appropriate dose has 716 

the potential for “underdosing,” (ie - inappropriate cessation of a medication or inappropriate agent 717 

exclusion if the eGFR is an underestimate of GFR) and “overdosing” (ie -toxicity if the eGFR is an 718 

overestimate of kidney GFR). This is particularly salient for eGFRs at the decision points of 60 and 30 719 

ml/min/1.73m2, which define stages G3a and G4 of CKD, respectively.  When the eGFR flanks a clinical 720 

decision point, providers may consult with a nephrologist or pharmacist for support in dosing 721 

considerations.  In addition, confirmatory assessment can be performed using direct measurement of 722 

glomerular filtration, measurement of creatinine clearance, serial creatinine-based measurements, or 723 

estimation of GFR including cystatin C. Notably, when using eGFR for medication dosing, the eGFR value 724 

should be de-indexed from BSA.  This is particularly important in individuals at extremes of weight, as drug 725 

clearance is related to total eGFR not indexed eGFR. 726 

 Creatinine-based eGFR equations utilize sex and age as proxies for variations in creatinine that 727 

are unrelated to filtration or non-GFR determinants of creatinine. Thus, individuals whose sex assigned at 728 

birth does not align with their gender identity may have differences in creatinine generation due to 729 

changing muscle mass that influence eGFR (84). Recommendations for gender diverse people are outlined 730 
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later in this document. Age is used as a proxy for expectations regarding muscle mass over time. For 731 

individuals with sarcopenia because of medical conditions such as cirrhosis, heart failure, spinal cord injury 732 

and progressive neurodegenerative disorders, creatinine generation is reduced and the eGFR is likely to 733 

be an overestimate (Table 2). In contrast, in individuals with considerable muscle such as body builders, 734 

individuals with high exogenous creatinine ingestion, and anabolic steroid users the eGFR may be an 735 

underestimate (Table 2). Lastly, individuals who take medications that block creatinine secretion including 736 

older medications such as cimetidine or trimethoprim and newer antivirals such as cobicistat or 737 

dolutegravir will have a small increase in creatinine and consequently, a decrease in the eGFR, without an 738 

actual decline in true GFR (Table 2).  739 

 740 

How should changes to eGFR reporting be communicated? 741 

Key Summary Points: 742 

• Pharmacists, primary care and internal medicine providers, radiologists, transplant surgeons and 743 

providers that prescribe medications that are cleared by the kidney should be informed of the 744 

implementation of the CKD-EPI 2021 equations. 745 

• Communications should emphasize what changes should be expected and encourage providers to 746 

interpret eGFR based on clinical context, given the limitations of eGFR as an estimate of GFR. 747 

The NKF laboratory engagement working group provides sample text for communicating 748 

implementation of the CKD-EPI 2021 equations (72). Implementation requires communication with all 749 

stakeholders who care for adults. Collaboration between clinical laboratories, nephrologists, and other 750 

subject matter experts, can achieve broad coverage and dissemination of information. Although 751 

pharmacists and those practicing internal medicine may be the most affected, those practicing radiology, 752 

those who order contrast-based imaging, transplant surgeons, and providers who prescribe medications 753 

that are cleared by the kidney such as antibiotics, lithium, and antiepileptic agents, also need to be aware 754 
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of the change. Institutional communication should include provider-wide and redundant approaches to 755 

maximize the likelihood of information reaching all caregivers. Communications should be explicit and 756 

provide an educational basis, outlining the new equation and how results will be affected. Educational 757 

material should highlight that the eGFR is only an estimate rather than a measured value. The 2021 CKD-758 

EPIcr P30 is ~86%, meaning that 14% of eGFR values were greater than ± 30% of the measured GFR in the 759 

study cohort (26). Indeed, eGFR values perform well at a population level but for an individual, the 760 

inaccuracy of the estimate needs to be considered (77). Lastly, the educational content should reinforce 761 

that the eGFR is designed to estimate kidney function when patients are medically stable and cannot be 762 

used when the kidney function is changing, such as with AKI (67).  763 

 764 

When should eGFR equations including cystatin C be used? 765 

Key Summary Points: 766 
• eGFR  calculated using the CKD-EPI 2021 eGFRcr-cys equation is generally more accurate compared 767 

to eGFR calculated with the CKD-EPI 2021 eGFRcr equation, and should be used when eGFR is close 768 

to a clinical decision point  where higher accuracy is required. 769 

• In cases where creatinine is confounded by non-GFR determinants (Table 2), an estimate 770 

calculated using the CKD-EPI 2012 eGFRcys equation may be preferred. 771 

• Cystatin C has non-GFR determinants (Table 2), which may impact the accuracy of eGFR equations 772 

that incorporate cystatin C.  773 

Cystatin C testing may be complementary in individuals with low creatinine production, where 774 

creatinine-based eGFR overestimates true GFR, such as individuals with sarcopenia, amputees, as well as 775 

those who are frail and elderly (85,86). Cystatin C testing is also recommended in individuals where 776 

creatinine production is increased and serum creatinine-based eGFR underestimates true GFR, such as 777 

body builders and other individuals who exercise vigorously and have increased muscle mass, individuals 778 
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with high exogenous creatine ingestion, and anabolic steroid users (85,86). Use of the  CKD-EPI 2021 779 

eGFRcr-cys equation may offer more precise estimates near eGFR clinical decision points (26,67); however, 780 

cystatin C has non-GFR determinants (Table 2), which must be considered when choosing which eGFR 781 

equation may provide the best estimate of GFR (86,87). 782 

 Increased adiposity is associated with increased levels of circulating cystatin C, and one study 783 

found that equations that incorporate both cystatin C and creatinine (CKD-EPI 2012 eGFRcr-cys) show 784 

reduced bias relative to mGFR compared to cystatin C- (CKD-EPI 2012 eGFRcys) or creatinine-only (CKD-EPI 785 

2009 eGFRcr) equations in a cohort of 166 obese CKD patients (87). In a small cohort (n=66) of patients 786 

with chronic heart failure, eGFR calculated with cystatin C (CKD-EPI 2012 eGFRcys) exhibited a bias of −4.1 787 

mL/min/1.73 m2 relative to mGFR (88). eGFR calculated with creatinine (CKD-EPI 2009 eGFRcr) or 788 

creatinine and cystatin C (CKD-EPI 2012 eGFRcr-cys) exhibited biases of −15.2 mL/min/1.73 m2 and −7.8 789 

mL/min/1.73 m2 relative to mGFR, respectively (88). Further, the P30 for eGFRcys was 65% compared to 790 

that of eGFRcr, which was 33%, and eGFRcys agreed more closely with mGFR in classifying patients in to 791 

CKD Stages 3,4 and 5 compared to eGFRcr and eGFRcr-cys (88). eGFRcys (CKD-EPI 2012 eGFRcys) and eGFRcr-cys 792 

(CKD-EPI 2012 eGFRcr-cys) have been found to be more accurate compared to eGFRcr (CKD-EPI 2009 eGFRcr) 793 

in patients with liver cirrhosis, but both equations were less accurate at lower GFRs (89,90).  794 

 KDIGO 2012 guidelines recommend cystatin C testing for dosing medications with narrow 795 

therapeutic indices, such as vancomycin, aminoglycosides and chemotherapeutic agents (8,91). A 796 

systematic review examined the use of eGFR equations that incorporate cystatin C for drug dosing across 797 

34 studies with a total of 3455 participants and 16 different medications (92). In most studies, eGFRcys was 798 

a better predictor of drug levels and clearance compared to eGFRcr (92). eGFRcr-cys was only assessed in 5 799 

studies and showed superior performance to equations incorporating either biomarker alone (92).    800 

In patients in which both creatinine and cystatin C may be influenced by non-GFR determinants, 801 

mGFR should be used at clinical decision points and for dosing of nephrotoxic medication and medications 802 
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with a narrow therapeutic index (93).  Large differences between eGFRcys and eGFRcr (eGFRdiffcys-cr= 803 

eGFRcys-eGFRcr) indicate that non-GFR determinants are causing a substantial change in one of the 804 

biomarkers and consequently, use of eGFRcr-cys equations can mask the influence of these factors  (94). 805 

Approximately 33% of participants in the Chronic Renal Insufficiency Cohort (CRIC) Study, a multicenter 806 

observational cohort study of  5499 adults from 7 clinical centers across the US,  had eGFRdiffcys-cr 807 

≥15mL/min/m2 (94). Importantly, eGFRdiffcys-cr, is prognostic of ESKD, mortality, hospitalization and 808 

cardiovascular disease (93). Clinical judgement based on patient-specific factors should be exercised in 809 

patients with discrepant eGFRcr, eGFRcr-cys and eGFRcys results who may benefit from a more global 810 

assessment of kidney function. 811 

 812 

What challenges are associated with implementing cystatin C testing? 813 

Key Summary Points:  814 

• Implementation of cystatin C testing should be accompanied by institutional practice guidelines 815 

or educational initiatives, annotation of results with interpretive and educational comments, and 816 

clinical decision support or reflex testing to aid provider utilization and interpretation.  817 

 818 
There are barriers to the widespread implementation of cystatin C testing in clinical laboratories 819 

(5). In the 2019 CAP survey of 3,900 US respondents, only 2% reported offering cystatin C in-house, as 820 

compared to 90% that sent specimens to reference laboratories for testing and 8% not answering the 821 

question (67). Reference laboratory cystatin C testing is a viable option to facilitate testing demands for 822 

CKD diagnosis and management, but may present a challenge for use in AKI and emergent settings where 823 

a shorter turnaround time is required (28,29,91). Cystatin C testing can be performed on most high-824 

throughput automated chemistry analyzers and assay harmonization has considerably improved. In the 825 

CYS-B 2021 survey, which was the most recent cystatin C CAP survey at the time of this report, method-826 
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specific means ranged from -11% to 6% around the all-method mean, compared to 2014 when they 827 

ranged from -12% to 29% (56,57). Several scalability challenges to cystatin C test implementation exist. 828 

Firstly, measurement of cystatin C relies predominantly on immunoturbidimetric approaches, in contrast 829 

with creatinine, which is measured using enzymatic or colorimetric assays that are rapid and cost-efficient. 830 

Incorporation of cystatin C into basic and comprehensive metabolic panels to enable routine calculation 831 

of eGFRcr-cys and eGFRcys may be impractical, due to the significantly increased volume of cystatin C reagent 832 

that would be required, as vendors work to sustainably increase production. Another scalability challenge 833 

centers around a lack of clinical decision support. Currently, decision support on when to perform cystatin 834 

C testing for clinical workflows are not standardized.  835 

The increased cost of cystatin C compared to creatinine is often cited as barrier to widespread 836 

implementation (85,95,96). The differential reagent costs will vary based on institution-vendor 837 

agreements, but cystatin C reagents are estimated to cost up to 20 times more than creatinine reagents 838 

(85,95). However, cost may decrease with more widespread implementation and increased test volumes 839 

(85). The differential cost is also reflected in the higher CMS (Centers for Medicare and Medicaid Services) 840 

2022 reimbursement rate for cystatin C ($18.52) versus creatinine ($5.12) (97). Comparative 841 

reimbursements for the basic and comprehensive metabolic panels that are used more frequently than 842 

creatinine ordering alone are $8.46 and $10.56, respectively. The NKF-ASN Task Force highlighted the 843 

need for changes in Current Procedure Terminology (CPT) coding to encourage use of cystatin C (5). Data 844 

on hospital/system-wide cost-savings, if any, that may be realized with more accurate cystatin C-based 845 

eGFR estimates are lacking. As healthcare transitions from fee-for-service to value-based care, use of 846 

cystatin C-based eGFR estimates may become more widespread in spite of cost, if use of cystatin C can 847 

improve patient outcomes through better risk stratification and interventions.  848 

 Data have shown that eGFR equations that utilize cystatin C alone better predict mortality as 849 

compared to creatinine only or combined marker estimates (98–101). However, lack of provider 850 
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familiarity with cystatin C results interpretation, lack of knowledge of non-GFR determinants of cystatin C 851 

and absence of clinical practice guidelines represent additional barriers to widespread utilization (91). 852 

Interdisciplinary collaboration between nephrology and the clinical laboratory may help to overcome 853 

these challenges through development of institutional practice guidelines or educational initiatives, 854 

annotation of results with interpretive and educational comments, and clinical decision support or reflex 855 

testing for patient populations in which cystatin C-based eGFR calculations are more appropriate as 856 

described above.   857 

 858 

How do sex and gender influence eGFR equations? 859 

Key Summary Points: 860 

• In transgender, non-binary, or intersex people, eGFR should be evaluated using both the male and 861 

female constants with CKD-EPI 2021 equations. Considering both values is particularly relevant at 862 

the onset of CKD and/or when approaching important thresholds.  863 

• When eGFR calculated with either sex constant crosses a clinical threshold, a holistic approach 864 

should be taken to determine appropriate management anchored to the muscle mass of the 865 

individual based on their sex hormone configuration and gender identity.   866 

• More data is needed on the impact of gender-affirming hormones on cystatin C and the use of 867 

cystatin C- based eGFR estimates in gender diverse populations. 868 

 869 
 Equations to estimate GFR include binary-dependent variables that classify individuals as 870 

male/female or as a man/woman (26).  These variables were included to account for the apparent 871 

differences in muscle mass between females and males and were supported by the observed biases 872 

between mGFR and eGFR.  Gender and differences in sexual development (DSD; intersex), however, were 873 
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not directly included in the development or validation of eGFR equations and may influence muscle mass 874 

through diet and behavior or variance in sex hormone administration or expression.   875 

 Increasing societal and cultural recognition of gender variance complicates the use of eGFR 876 

equations, and our ability to segregate humans based on perceived sex.  In contrast to sex, which is 877 

biologically defined based on the visual appearance of external genitalia at birth or sex hormone profiles, 878 

respectively, and/or in ambiguous cases, the presence or absence of a Y chromosome, gender identity 879 

encompasses the psychosocial characteristics that define an individual’s identity or expression as 880 

masculine, feminine, or non-binary (102).  Cisgender people have a gender identity that aligns with their 881 

sex assigned at birth; transgender or gender diverse people have a gender identity that is incongruent 882 

with their sex assigned at birth.  A transgender man was assigned female sex at birth and identifies as a 883 

man; a transgender woman was assigned male sex at birth and identifies as a woman; a non-binary person 884 

was assigned male or female sex at birth and may identify as both a man or a woman or as neither. Intersex 885 

individuals have an array of underlying mechanisms for their phenotypic differences that are either 886 

developmental due to in utero exposure of sex hormones, metabolites in sex hormone synthesis, 887 

androgen insensitivity, or to other unusual transcription factors, receptors and/or genetic mutations. 888 

Transgender people may be intersex, but people who are intersex are not necessarily transgender. Any of 889 

these gender diverse individuals may present as androgynous, masculine, feminine or fluctuate across the 890 

spectrum. Medical care for transgender and non-binary people may include gender affirming hormones 891 

testosterone and estradiol (with or without androgen blockade or progesterone), which are prescribed to 892 

promote development of masculinizing and feminizing secondary sex characteristics, respectively.  The 893 

introduction of gender affirming hormones will promote physiological changes that align with gender 894 

identity, including redistribution of fat and changes in muscle mass, and hence complicate the use of sex-895 

specific constants in eGFR equations.  Additionally, some transgender and non-binary people will undergo 896 

gender affirming gonadectomies, which may further mediate sex hormone concentrations and the 897 
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downstream tissues they influence. Not all transgender people seek medical intervention and may appear 898 

as their preferred sex even without hormones. In addition, health conditions that impact sex hormone 899 

concentrations, such as polycystic ovarian syndrome may complicate visual identification. 900 

 A recent systematic review and meta-analysis of all studies related to eGFR in transgender 901 

people confirmed that serum creatinine concentration variably changes as a person transitions to their 902 

affirmed gender identity when using gender affirming therapies (103).  Specifically, after ~12 months on 903 

testosterone hormone therapy, creatinine concentrations increased by ~0.15 mg/dL (95%CI 0.00-0.29 904 

mg/dL) in transgender men.  In contrast, after a similar time frame, transgender women on estrogen 905 

hormone therapy do not show a statistically significant increase or decrease in creatinine concentration 906 

(average change from baseline -0.05 mg/dL; 95% CI -0.16-0.05 mg/dL).  The mechanism underlying the 907 

change (or lack thereof) in creatinine concentration is not defined, although it is hypothesized to result 908 

from changes in muscle mass and not GFR or tubular secretion.  The authors did not find any literature 909 

whereby mGFR and eGFR were evaluated in transgender people, making it difficult to distinguish which 910 

sex-variable or alternate variable, if any, would allow for a more accurate estimation of GFR.   911 

 Until additional data are available, regardless of hormone therapy or other intervention use, we 912 

recommend evaluating eGFR using both the male and female constants with the CKD-EPI 2021 equations 913 

in transgender, non-binary, or intersex people. If either of these results crosses a clinical threshold a 914 

holistic approach should be taken to determine appropriate management anchored to the muscle mass 915 

of the individual based on their sex hormone configuration and gender identity.  Mathematically, the 916 

higher the eGFR, the larger the difference between eGFR (male) and eGFR (female) (104); however,  917 

considering both values is still relevant at the onset of CKD and/or when approaching important 918 

thresholds such as for transplant referral, dialysis initiation or dosing of medications with narrow 919 

therapeutic indices. Until interfacing between the electronic health record and the laboratory information 920 

systems improve, there are no automated informatics solutions to identify gender diverse people and 921 
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report both eGFR values (105).  Data on the impact of gender-affirming therapy on cystain C is lacking 922 

(103), however, since cystatin C is less influenced by muscle mass (106),  cystatin C-based GFR estimates 923 

could, in theory,  improve screening for CKD or monitoring for CKD progression. Assessment of gender in 924 

the context of eGFR is an area for shared decision-making and an evolving area for investigation.  925 

 926 

Additional Considerations and Outstanding Gaps 927 

Consensus Screening Guidelines 928 

United States Preventative Services Task Force (USPSTF), the government agency responsible for 929 

outlining evidence-based guidelines for preventative medical services, has not issued recommendations 930 

for CKD screening (107). This is despite the high prevalence of CKD, low rates of detection, and current 931 

evidence supporting the need for screening of high-risk individuals. While the NKF KDOQI, KDIGO and the 932 

American Diabetes Association recommend CKD screening using eGFR and uACR in high-risk individuals, 933 

the development of USPSTF CKD screening guidelines would streamline CKD testing strategies nationally, 934 

and will be critical in achieving health equity in kidney disease. The development of consensus critical 935 

action and delta values for eGFR and uACR represent additional opportunities for improvement of CKD 936 

detection.   937 

Novel Kidney Disease Biomarker Discovery 938 

Notwithstanding the clinical utility of eGFR, it must be emphasized that eGFR is an estimate with 939 

multiple contributory sources of uncertainty, including uncertainty in mGFR, analytical uncertainty 940 

associated with measurement of creatinine and cystatin C, and biological variation (108). Indeed, the P30 941 

values for the CKD-EPI 2021 equations ranged between 86-91% (26). Research into novel endogenous 942 

filtration markers and kidney disease biomarkers is needed to improve kidney disease diagnosis, 943 

management and treatment (5). Initiatives such as the Kidney Precision Medicine Project (KPMP) (109) 944 



 39 

seek to better define the molecular underpinnings of both CKD and AKI, with the goal of kidney disease 945 

biomarker discovery, and the development of novel therapeutics with companion diagnostics.  The 946 

findings of the KPMP and similar initiatives have the potential to enable precision medicine for kidney 947 

disease.  Integration of disparate data sources such as clinical imaging, cellular data, proteomic data and 948 

genomic data, through EHR systems will be necessary to enable real-time decision support (110).  949 

Guidance on the Use of Cystatin C 950 

Expert practice guidelines on cystatin C are needed to facilitate its increased use in eGFR. The use 951 

of cystatin C in conjunction with creatinine can improve GFR estimates, however, in contrast to creatinine, 952 

providers are less familiar with indications for cystatin C-based eGFR calculations and result 953 

interpretation. Additionally, the non-GFR determinants of cystatin C are relatively less studied (106,111). 954 

Calculation of eGFR using CKD-EPI equations based on different biomarkers (creatinine only, cystatin C 955 

only, or creatinine and cystatin) may yield different, and at times contradictory, results in certain patient 956 

populations (e.g., the elderly) (111). Improved understanding of non-GFR determinants of cystatin C can 957 

be used to develop algorithms to support decision making when there is discordance between estimates 958 

that incorporate cystatin C versus those based on creatinine alone. 959 

Improved Kidney Disease Risk Assessment 960 

The development of tools to improve kidney disease risk assessment and prognosis may also be 961 

beneficial. Multiple risk assessment equations exist for different patient populations. The Kidney Failure 962 

Risk Equations (KFRE) are the most internationally validated, widely known and widely used risk 963 

assessment equation (112). The KFREs can be used to predict an individual’s 2 to 5-year risk of developing 964 

kidney failure and were originally developed in Canadian patients diagnosed with stages G3-5 CKD 965 

(112,113). Notably, the KFREs are not impacted by the imprecision of eGFR. The KFREs have been 966 

extensively validated in > 700,000 individuals across more than 30 countries and demonstrated high 967 
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discrimination between individuals who develop CKD and individuals that do not.  Specifically, there are 968 

two KFREs, a 4-variable KFRE and an 8-variable KFRE.  The 4-variable KFRE derives kidney failure risk from 969 

an individual’s age, sex, eGFR and uACR; the 8-variable equation includes the aforementioned parameters 970 

in addition to serum albumin, bicarbonate, calcium and phosphorus measurements.  Results are reported 971 

as percentage risk, ranging from <1% to 99.99% (87).  The 4-variable KFRE was superior to eGFR alone at 972 

predicting 2-year risk for kidney failure (114). A KFRE score of > 20% has sensitivities ranging from 0.68 to 973 

0.78, as compared to 0.42 to 0.66 when using a common eGFR cutoff point of <20 mL/min/1.73m2, for 974 

dialysis referral or kidney transplant recommendation. However, these comparisons were made against 975 

eGFR equations inclusive of the Black race coefficient. Use of eGFR calculations without the Black race 976 

coefficient in KFRE calculation produced better calibration for participants that identified as Black (114). 977 

Of note, in patients diagnosed with autosomal dominant polycystic kidney disease, the KFRE 978 

underestimated risk, while in elderly patients (80 years and older) the KFRE overestimated the risk of 979 

kidney failure (113,115). Indications for calculating KFRE risk scores are not well-defined and continued 980 

validation of the equations will be necessary to define how often the risk score should be calculated. 981 

Further, the potential impact of high KFRE risk scores on insurance coverage must be considered.  982 
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Tables 1287 
Table 1- KDIGO 2012: Prognosis of CKD by GFR and Albuminuria Categories (8) 1288 

    Persistent albuminuria categories 

    Description and range 

    A1 A2 A3 

    Normal to mildly 
increased 

Moderately 
increased Severely increased 

    < 30 mg/g 30-300 mg/g > 300 mg/g 

    < 3 mg/mmol 3-30 mg/mmol >30 mg/mmol 

G
FR

 c
at

eg
or

ie
s (

m
L/

m
in

/1
.7

3 
m

2 ) 
De

sc
rip
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an
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ra
ng
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G1 Normal or 
high ≥ 90    

G2 Mildly 
decreased 60-89    

G3a 
Mildly to 

moderately 
decreased 

45-59    

G3b 
Moderately 
to severely 
decreased 

30-44    

G4 Severely 
decreased 15-29    

G5 Kidney 
failure < 15    

Green- low risk (if no other markers of kidney disease, no CKD); Yellow- moderately increased risk; Orange- 1289 
high risk; Red- very high risk. 1290 

  1291 
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Table 2- Non-GFR determinants of blood creatinine and cystatin C concentrations 1292 

 1293 
  1294 

 Non-GFR Determinants 
 Creatinine Cystatin C 

GFR Over-
estimation 

Physiologic factors: Physiologic factors: 
unknown unknown 
 
Pathologic conditions: 

 
Pathologic conditions: 

amputation, frailty, anorexia, sarcopenia, 
liver cirrhosis,  thyroid disease, chronic 
illness, critical illness; extra-renal 
elimination e.g. intestinal bacterial 
metabolism, spinal cord injury and 
progressive neuromuscular disease (87–
90,116–118) 

thyroid disease (116,118,119) 

 
Diet: 

 
Diet: 

vegan diet (118) unknown 
  

GFR Under-
estimation 

Physiologic factors: Physiologic factors: 
high muscle mass e.g. bodybuilders 
(93,116) 

smoking, lower lean body mass (120) 

 
Pathologic conditions: 

 
Pathologic conditions: 

obesity, rhabdomyolysis, thyroid disease 
(87,93)  

Obesity, diabetes, inflammation, thyroid 
disease, hypercortisolism  
(86,87,106,116,118,119) 

 
Diet: 

 
Diet: 

high meat consumption, creatine 
supplements (118) 

unknown 

 
Drugs: 

 
Drugs: 

Inhibition of tubular secretion- 
trimethoprim, cobicistat, dolutegravir, 
fenofibrate, olaparib, ritonavir, 
cimetidine (93) 

steroids(86,116) 
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Table 3. KDIGO recommended urine albumin to creatinine ratio (uACR) stages with 1295 
corresponding 24-hour urine albumin concentrations, uACR measurements (8), and terms 1296 
(Columns 1-4). Corresponding urine protein to creatinine ratio (uPCR) and dipstick protein results using 1297 
approximate conversions(38) are also shown in the last two columns 1298 

Terms Albuminuria 
Category 

Albumin 
(mg/ 24 
hour urine) 

uACR 
(mg/g) 

uPCR Dipstick 
Proteinuria 

Normal to 
mildly 
increased 

A1 <30 <30 <150 Negative to trace 

Moderately 
increased   

A2 30-300 30-300 150-650 Trace to 1+ 

Severely 
increased 

A3 >300 >300 >650 +2 or greater 

Nephrotic 
range 

A3 Nephrotic 
range 

>2200 >2200 >3500 +2 or greater 

 1299 

  1300 
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Table 4. eGFR reporting guidance (67) 1301 
CDK-EPI 2021 eGFRcr 
eGFRcr = 142 x min(Scr/κ, 1)α x max(Scr/κ, 1)-1.200 x 0.9938Age x 1.012 [if female] 

where,  
Scr = serum creatinine in mg/dL, divide by 88.4 for creatinine in μmol/L 
κ = 0.7 (females) or 0.9 (males) 
α = -0.241 (female) or -0.302 (male) 
min(Scr/κ, 1) is the minimum of Scr/κ or 1.0  
max(Scr/κ, 1) is the maximum of Scr/κ or 1.0 
Age (years) 

Assay:  
• Creatinine using methods that are traceable to IDMS reference measurement procedures. 
• Enzymatic assays are preferable over assays based on the Jaffe reaction, which are impacted 

by several interferences.  
• Report to 2 decimal points in mg/dL units and 1 decimal point in μmol/L units. 

Reporting: Report eGFRcr as a whole number in units of mL/min/1.73 m2 in adults ≥ 18 years of age. Do 
not allow results to trend with eGFR values calculated using older or different equations.  

CDK-EPI 2021 eGFRcr-cys 
eGFRcr-cys = 135 x min(Scr/κ, 1)α x max(Scr/κ, 1)-1.200 x min(Scys/0.8, 1)-0.323 x max(Scys/0.8, 1)-0.778 x 0.9961Age 
x 0.963 [if female] 

where, 
Scr = serum creatinine in mg/dL divide by 88.4 for creatinine in μmol/L 
κ = 0.7 (females) or 0.9 (males) 
α = -0.219 (female) or -0.144 (male) 
min(Scr/κ, 1) is the minimum of Scr/κ or 1.0  
max(Scr/κ, 1) is the maximum of Scr/κ or 1.0 
Scys = serum cystatin C in mg/L 
Age (years) 

Assays:  
• Creatinine (as above) 
• Cystatin C  

o Using methods traceable to the certified reference material ERM-DA471/IFCC.  
o Report to 2 decimal points in mg/L units. 

Reporting: Report eGFRcr-cys as a whole number in units of mL/min/1.73 m2 in adults ≥ 18 years of age. 
Do not allow results to be trended with eGFR values calculated using older or different equations. 

 CKD-EPI 2012 eGFRcys 

eGFRcys = 133 x min (Scys/0.8, 1)-0.499 x max (Scys/0.8, 1)-1.328 x 0.996Age x 0.932 [if female] 
where, 
eGFR (estimated glomerular filtration rate) = mL/min/1.73 m2 
Scys (standardized serum cystatin C) = mg/L 
min = indicates the minimum of Scys/0.8 or 1 
max = indicates the maximum of Scys/0.8 or 1 
Age (years) 
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Assay: Cystatin c (as above) 

Reporting: Report eGFRcys as a whole number in units of mL/min/1.73 m2 in adults ≥ 18 years of age. 
Do not allow results to trend with eGFR values calculated using older or different equations. 

 1302 
 1303 
 1304 
  1305 
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Appendix 1. Programming logic for “If” statements to select the correct equation 1306 
for each set of parameters (67) 1307 
 1308 

Logic for “if” statements 
CKD-EPI 2021 eGFRcr Equation 

Sex Serum Creatinine (mg/dL) 

Female 
≤0.7  eGFR=142 x (Scr/0.7)-0.241 x 0.9938age x 1.012 

>0.7 eGFR=142 x (Scr/0.7)-1.200 x 0.9938age x 1.012 

Male 
≤0.9  eGFR=142 x (Scr/0.9)-0.302 x 0.9938age 

>0.9 eGFR=142 x (Scr/0.9)-1.200 x 0.9938age 

 1309 
 1310 

Logic for “if” statements 
CKD-EPI 2012 eGFRcys Equation 

Sex Serum Cystatin C (mg/L) 

Female 
≤0.8 eGFR= 133 x (Scys/0.8)-0.499 x 0.9962age x 0.932 

>0.8 eGFR= 133 x (Scys/0.8)-1.328 x 0.9962age x 0.932 

Male 
≤0.8 eGFR= 133 x (Scys/0.8)-0.499 x 0.9962age  

>0.8 eGFR= 133 x (Scys/0.8)-1.328 x 0.9962age  

 1311 
Logic for “if” statements 

CKD-EPI 2021 eGFRcr-cys Equation 
Sex 

Serum 
Creatinine 

(mg/dL) 

Serum 
Cystatin C 

(mg/L) 

Female 

≤0.7 ≤0.8 
eGFR= 135 x (Scr/0.7)-0.219 x (Scys/0.8)-0.323 x 
0.9961age x 0.963 

>0.7 >0.8 
eGFR= 135 x (Scr/0.7)-0.219 x (Scys/0.8)-0.778 x 
0.9961age x 0.963 

≤0.7 ≤0.8 
eGFR= 135 x (Scr/0.7)-0.544 x (Scys/0.8)- 0.323 x 
0.9961age x 0.963 

>0.7 >0.8 
eGFR= 135 x (Scr/0.7)-0.544 x (Scys/0.8)- 0.778 x 
0.9961age x 0.963 

Male 

≤0.9 ≤0.8 
eGFR= 135 x (Scr/0.9)-0.144 x (Scys/0.8)-0.323 x 
0.9961age 

>0.9 >0.8 eGFR= 135 x (Scr/0.9)-0.144 x (Scys/0.8)-0.778 x 
0.9961age 
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≤0.9 ≤0.8 eGFR= 135 x (Scr/0.9)-0.544 x (Scys/0.8)- 0.323 x 
0.9961age 

>0.9 >0.8 eGFR= 135 x (Scr/0.9)-0.544 x (Scys/0.8)- 0.778 x 
0.9961age 

 1312 
NB. Single equations can also be programmed with more complex programming. 1313 
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