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Abstract

Importance—Because early stage kidney disease is asymptomatic and is associated with both, 

morbidity and mortality, laboratory measurements are required for its detection.

Objective—To summarize evidence supporting the use of laboratory tests for glomerular 

filtration rate (GFR) and albuminuria to detect and stage acute kidney injury (AKI), acute kidney 

diseases and disorders (AKD), and chronic kidney disease (CKD) in adults.

Evidence Review—We reviewed recent guidelines from various professional groups and 

systematically searched for other sources of evidence for selected topics.

Findings—The Kidney Disease Improving Global Outcomes KDIGO guidelines define and 

stage acute and chronic kidney diseases by GFR and albuminuria. For initial assessment of GFR, 

measuring serum creatinine and reporting estimated GFR (eGFRcr) based on serum creatinine 

using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 2009 equation is 

recommended. If confirmation of GFR is required because of conditions that affect serum 

creatinine independent of GFR, such as extremes of muscle mass or diet, or interference with the 

assay, cystatin C should be measured and estimated GFR should be calculated and reported using 

both serum creatinine and cystatin C (eGFRcys and eGFRcr-cys) or GFR should be measured 

directly using a clearance procedure. Initial assessment of albuminuria includes measuring urine 

albumin and creatinine in an untimed “spot” urine collection and reporting albumin-to-creatinine 

ratio (ACR). If confirmation of albuminuria is required because of diurnal variation or conditions 

that affect creatinine excretion, such as extremes of muscle mass or diet, the albumin excretion 

rate (AER) should be measured from a timed urine collection.

Conclusions and Relevance—Detection and staging of acute and chronic kidney diseases can 

be relatively simple. Because of the morbidity and mortality associated with kidney disease, early 

diagnosis is important and should be pursued in at-risk populations.
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Introduction

Acute and chronic kidney diseases are common in adults, and are associated with increased 

risk for kidney failure, complications and mortality (Table 1) 1-3. Acute kidney injury (AKI) 

affects 10-20% of hospitalized adults and chronic kidney disease (CKD) is found in more 

than 10% of non-hospitalized adults. Kidney failure is the end-stage of acute and chronic 

kidney disease, and may require treatment by dialysis or transplantation. Earlier stages of 

kidney disease are 10-1000 times more common in the population than kidney failure, 

depending on age and the clinical setting, and are associated with electrolyte and acid-base 

disorders, fluid overload, metabolic and endocrine complications, toxicity of drugs excreted 

by the kidneys, and cardiovascular disease.

Early detection facilitates the appropriate diagnosis and treatment of acute and chronic 

kidney diseases, but early stage kidney disease is usually asymptomatic requiring laboratory 

tests for detection. Measurement of serum creatinine and urine protein are frequently 

performed in the general medical evaluation of adults with acute and chronic illness. Serum 

creatinine is routinely measured in the basic metabolic panel and proteinuria is ascertained 

along with routine urinalyses. However, until recently, uncertainty and controversy existed 

regarding the definitions for acute and chronic kidney diseases, which tests should be 

obtained to diagnose these conditions and how the tests should be reported and interpreted 

(Box 1).

The international organization Kidney Disease Improving Global Outcomes (KDIGO) 

attempted to resolve these controversies by updating prior evidence based consensus 

definitions and staging systems for acute and chronic kidney diseases and for the proper 

laboratory evaluation of these diseases1,2. These guidelines use glomerular filtration rate 

(GFR), generally accepted as the best index of kidney function in health and disease, and 

albuminuria, a marker of kidney damage, as the principal kidney measures to define and 

stage acute and chronic kidney diseases. The guidelines also provide recommendations for 

the initial and confirmatory tests for these diseases (Figure 1). The evaluation of GFR and 

albuminuria is reviewed here in the context of the KDIGO guidelines, the guidelines are 

compared to other recent guidelines and more recently published literature, and areas of 

uncertainty are addressed.

Sources of Evidence

The most recent KDIGO guidelines were reviewed1,2. These were developed by an 

independent and global group of volunteers with expertise in kidney disease supported by a 

professional evidence review team. Guidelines and evidence reviews are submitted for open 

review by experts, stakeholders and the public. The KDIGO guidelines on AKI and CKD 

were published in 2012 and 2013, respectively1,2. Additional searches of the literature 

focused on the evaluation of kidney disease through December 2014 were performed. The 

National Guideline Clearance House was searched for kidney disease testing guidelines. The 

creatinine-based GFR estimating equations were reviewed by Earley et al4 in 2011 and 

MEDLINE was searched for any newer literature on this topic. It was also searched for 

cystatin C-based equations that may have been reported after the 2012 KDIGO guideline. 

The review was restricted to equations developed and evaluated using standardized assays 
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for creatinine and cystatin C. GFR measurement methods were reviewed by Stevens and 

Levey in 20095 and MEDLINE was searched for systematic reviews that may have appeared 

after that publication. Testing for CKD in high-risk populations was reviewed by Deo et al 

in 20106. The National Guideline Clearance House was searched for guidelines appearing 

after this publication regarding this topic. MEDLINE was searched for systematic reviews or 

meta-analyses on methods for albuminuria testing in high-risk populations that may have 

appeared subsequent to publication of the KDIGO CKD guideline2. For all MEDLINE 

searches, searches were limited to publications using human subjects and in the English 

language. (Additional information regarding the search strategies and number of articles 

reviewed is contained in the supplementary material.)

Definition, Staging and Burden of Acute and Chronic Kidney Disease

Acute and chronic kidney diseases encompass a spectrum of disorders that are defined by 

measures of kidney structure, function or disease duration, irrespective of the causes for 

kidney disease(Table 1)1-3. Acute kidney injury (AKI) is defined as a rise in serum 

creatinine within 2-7 days or oliguria1. Acute kidney diseases and disorders (AKD) refer to 

less than 3 months of having decreased kidney function or the presence of a marker of 

kidney damage and include AKI1. Chronic kidney disease (CKD) is defined by having more 

than 3 months of decreased GFR or evidence of kidney damage2. Markers of kidney damage 

include albuminuria, urine sediment abnormalities, electrolyte abnormalities related to 

tubular disorders, or structural abnormalities detected by histology or imaging.

Both CKD and AKI are classified (“staged”) by cause and severity of abnormal kidney 

measures, with more severe stages corresponding to poorer prognosis (Table 1). AKI is 

classified by the magnitude of the peak rise in serum creatinine concentration or nadir 

decline in urine output1. CKD is classified according to cause (C) and level of GFR (G) and 

albuminuria (A). referred to as the “CGA nomenclature” 2. For both conditions, additional 

diagnostic testing is required to determine the cause of kidney disease and guide its 

treatment7-9.

Recommendations for staging, evaluation and treatment have not yet been developed for 

AKD.

Origin and Rationale for the KDIGO Guidelines and Concurrence of Other Organizations

Defintions for acute and chronic kidney disease were proposed and generally accepted 

before the formation of KDIGO (Table 2) 1,2,10-19.

AKI was first defined by increased serum creatinine of 1.5 times baseline within a 7 day 

time period or a urine volume of less than 0.5 ml/kg/h for 6 hours10. Subsequently, the 

definition was extended to include increased serum creatinine of ≥0.3 mg/dl (≥26.5 

micromol/l) within 2 days.11 All criteria are retained by the KDIGO definition1 because they 

are all associated with increased risks for adverse short-term and long-term outcomes, 

including failure to recover kidney function, multi-organ failure, length of hospitalization 

and mortality.20-27.
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AKD was first defined by KDIGO1 to include important presentations of kidney diseases 

and disorders that do not meet the criteria for either AKI or CKD. As with AKI and CKD, it 

was thought that acceptance of a nomenclature and definition for these conditions could 

potentially facilitate clinical communication, conduct of epidemiologic studies, and 

development of guidelines to improve care.

CKD was first defined by 3 months or longer of reduced GFR (less than 60 ml/min/1.73 m2) 

or having markers of kidney damage (e.g. albumin excretion rate (AER) more than 30 mg/d) 

and disease severity was staged only by GFR16. Because of uncertainty regarding threshold 

values for GFR and albuminuria in defining and staging CKD28, a series of meta-analysis 

were performed to better understand the relationship between these and outcomes of kidney 

failure and all-cause and CVD mortality29-38. Based on this analysis, KDIGO added staging 

by level of albuminuria in addition to level of GFR, and subdivided GFR stage 3 (30-59 

ml/min/1.73 m2) into 3a and 3b (30-44 and 45-59 ml/min/1.73 m2, respectively) to better 

reflect prognosis (Table 1).2

Other groups subsequently expressed general agreement with the definitions of AKI and 

CKD, but expressed reservations about some components of the staging systems for AKI 

and CKD and felt there was not sufficient evidence to implement the definition of AKD 

(Table 2).12-15,17-19

Evaluation of GFR

Basic Principles—Glomerular filtration, the first step in urine formation, is the passive 

process of ultrafiltration of plasma from blood into Bowman's space as it traverses the 

glomerular capillaries. Because GFR varies by body size, it is indexed relative to an average 

body surface area (BSA) of 1.73 m2 and expressed as ml/min/per 1.73 m2. GFR also varies 

by time of day, protein intake, pregnancy, extracellular fluid status, blood pressure extremes, 

use of antihypertensive agents, and the presence and severity of kidney disease. The mean 

value is approximately 120-130 ml/min/1.73 m2 for adults younger than age 40 years and 

declines with age. A GFR of less than 60 ml/min/1.73 m2 is considered as moderately 

decreased for adults of any age.

GFR cannot be measured directly; it can be assessed from clearance measurements or 

estimated from serum levels of endogenous filtration markers, such as creatinine or cystatin 

C39,40. Clearance measurements require either multiple measurements of serum 

concentrations or timed urine collections and are not routinely performed. GFR is usually 

estimated from serum concentrations of a marker of filtration using GFR estimating 

equations. These equations account for non-GFR related factors that influence marker serum 

concentrations, including the rate of the generation, renal tubular reabsorption or secretion, 

and extra-renal elimination of the marker. The most accurate estimating equations were 

developed using standardized assays for creatinine and cystatin C measured in diverse 

populations. The estimating equations have minimal systematic bias (average deviation from 

the measured GFR), but are relatively imprecise, with approximately 10-20% of estimates 

deviating by more than 30% from the measured GFR.
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Initial Tests—Serum creatinine by itself should not be relied on to assess kidney function. 

When serum creatinine is measured, estimated GFR (eGFRcr) should be calculated and 

reported by the clinical laboratory (Box 2)2. eGFRcr is best calculated using the 2009 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation41. This equation 

is preferable to the Modification of Diet in Renal Disease (MDRD) Study equation42 

because it is more accurate in higher ranges of eGFR (>60 ml/min/1.73 m2) and allows 

reporting eGFRcr as a numeric value throughout the entire range. Other guidelines and 

commentaries concurred with the recommendation to use the CKD-EPI 2009 creatinine 

equation17,1819. Our search revealed several new equations since the KDIGO guideline 

review, but none more accurate in North America, Europe and Australia than the CKD-EPI 

2009 creatinine equation (see Supplement)

There are situations where eGFRcr may not be accurate (Table 3). These include clinical 

conditions that influence non-GFR factors that affect serum creatinine concentration, 

creatinine not being in a steady state (as occurs when GFR is rapidly changing, for example 

during AKI), and presence of substances in the blood that interfere with serum creatinine 

assays. Creatinine is a 113 dalton amino acid metabolite distributed throughout the total 

body water compartment and freely filtered by the glomeruli. Non-GFR factors include 

deviation in generation of creatinine generation due to extremes of muscle mass and 

ingestion in the diet, inhibition of secretion by the renal tubule (trimethoprim and 

fenofibrate), and interference with extra-renal elimination by gut bacteria (broad spectrum 

antibiotics). The 2009 CKD-EPI and MDRD Study equations both compute eGFR from 

serum creatinine plus age, sex and race (African American vs. non-African American) as 

surrogates for muscle mass and report values indexed to 1.73 m2 BSA. Deviation from 

expected values for creatinine generation by muscle mass and diet are major causes of error 

in eGFRcr. Even using standardized assays, interfering substances, such as ketones, can also 

lead to errors in eGFRcr.

Using the CKD-EPI 2009 creatinine equation, 50%, 100% and 200% increases in serum 

creatinine during steady state conditions reflect 39%, 57% and 74% decreases in eGFRcr. 

However, during AKI creatinine may be in the non-steady state condition, and the eGFRcr is 

a less accurate estimate of the measured GFR (Table 3). Nonetheless, reporting eGFRcr in 

AKI may be useful since changes in eGFR reflect both the direction and magnitude of 

kidney function changes in terms of GFR, simplifying the interpretation of changing kidney 

function in patients with decreased baseline GFR.

Confirmatory Tests—In clinical conditions when eGFRcr is anticipated not to be 

accurate enough for clinical decision making (as described above and in Table 3), 

confirmatory tests should be pursued to better estimate GFR. These include estimating GFR 

using serum cystatin C (with or without an accompanying serum creatinine) or a clearance 

measurement (Box 2).

Cystatin C is an alternative endogenous filtration marker that gained acceptance in recent 

years43. eGFRcys and eGFRcr-cys should reported using the CKD-EPI 2012 equations44 

when serum cystatin C is measured (Box 2)1. There are several new equations for estimating 

eGFRcys and eGFRcr-cys, but none are more accurate than the CKD-EPI 2012 equations 
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(see Supplement). Using a second endogenous filtration marker to estimate GFR improves 

the precision of GFR estimates over what can be achieved using only one marker. However, 

clinicians should understand the clinical settings in which eGFRcys and eGFRcr-cys are less 

accurate (Table 3). Cystatin C is a 13,300 dalton serum protein that is freely filtered, 

reabsorbed and extensively catabolized by the renal tubule. It is produced by all nucleated 

cells and distributed throughout the extracellular fluid. Serum concentrations of cystatin C 

are less influenced by muscle mass and diet than creatinine. Non-GFR factors that affect the 

serum concentrations of cystatin C are not well understood, but are thought to include 

thyroid and glucocorticoid hormones, obesity, inflammation and smoking. Differences 

between the non-GFR factors that affect serum cystatin C and creatinine probably account 

for the stronger association between diminished eGFRcys than eGFRcr and all-cause and 

CVD mortality45. Although a standardized reference material is now available, considerable 

variation remains among cystatin C assays 46,47 and it is more costly than serum creatinine 

measurements.

The KDIGO guideline focuses on a relatively common clinical situation when estimation of 

GFR using cystatin C in addition to creatinine may be helpful - confirmation of CKD2. In 

some patients, moderate-to-severe decrease in eGFRcr (45-59 ml/min/1.73 m2) may be the 

only indication for the diagnosis of CKD. In these patients, eGFRcr-cys <60 ml/min/1.73 m2 

is associated with greater likelihood of mGFR <60 ml/min/1.73 m2 and a worse prognosis 

than patients with eGFRcr-cys ≥60 ml/min/1.73 m2 4445. Confirmation of CKD may be 

particularly helpful for decisions whether or not to avoid agents and medications that are 

toxic to the kidneys (e.g. iodinated radiocontrast, non-steroid anti-inflammatory drugs, 

aminoglycoside antibiotics). Other situations in which it may be helpful to have a more 

accurate GFR estimate are to adjust the dose of a medication with systemic toxicity that is 

excreted by glomerular filtration (e.g., methotrexate or carboplatinum) or in the evaluation 

of kidney donors.

In patients in whom eGFRcr is likely to be inaccurate due to non-GFR factors affecting 

serum creatinine or interference with creatinine assays and in whom there are likely minimal 

non-GFR factors affecting cystatin C(as described above and in Table 3), it may be 

preferable to rely on eGFRcys rather than eGFRcr-cys. This has not been widely studied but 

a recent publication describes better performance of eGFRcys vs eGFRcr or eGFRcr-cys in 

amputees48. eGFRcys is less influenced by race and ethnicity than eGFRcr or eGFRcr-cys, 

potentially allowing GFR estimation without specification of race.

NICE concurred with the recommendation to use eGFRcr-cys for confirmation of CKD19. 

KDOQI and CSN agreed the cystatin C has promise as an alternative filtration marker, but 

recommended against widespread use because of concerns that incomplete understanding of 

non-GFR factors affecting its serum concentration and higher costs and incomplete 

standardization of assays17,18.

If even more accurate GFR assessment is required, the KDIGO guidelines recommend a 

clearance measurement using an exogenous filtration marker. A variety of exogenous 

filtration markers are available for use in either urinary or plasma clearance techniques. A 

recent systematic review evaluated the accuracy of alternative methods in comparison to the 

Levey et al. Page 6

JAMA. Author manuscript; available in PMC 2015 August 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



classic procedure of the urinary clearance of inulin49. Of note, urinary creatinine clearance 

did not meet the criteria for accuracy due to large systematic bias and imprecision.

In conclusion, serum creatinine and eGFRcr should be the intial test for the assessment of 

kidney function. If it is not sufficiently accurate for clinical decision making, cystatin C can 

be measured for estimation of eGFRcr-cys andr eGFRcys, or GFR can be measured using a 

clearance procedure.

Evaluation of Albuminuria

Principles—Normal urine contains a variety of proteins, including filtered serum proteins 

and proteins derived from the kidney and urinary tract. The glomerular capillary wall 

hinders the passage of albumin and other large serum proteins into Bowman's space. Larger 

body size, upright posture, pregnancy, exercise, fever and activation of the renin-angiotensin 

system are associated with higher albumin excretion, and there is significant diurnal and 

day-to-day variation. The mean value for albumin excretion rate (AER) is 5-10 mg per day 

in young adults and generally rises with age. AER more than 30 mg/d generally reflects an 

alteration in structure of the glomerular capillary wall.

Accurate assessment of the albumin excretion rate requires collection of a timed urine 

specimen, which is inconvenient and can be inaccurate due to errors in timing, incomplete 

bladder emptying, incomplete collections and spills. To overcome the difficulty in collecting 

a timed urine collection, albuminuria is generally assessed from measures of albuminuria in 

a “spot” urine sample (Table 3).

Initial assessment—A variety of methods are available. Measuring the albumin-

tocreatinine ratio (ACR) in an untimed specimen is the preferred approach (Box 3)2. 

Measurement of albumin rather than total protein is preferred because the method for 

quantifying total urine protein cannot be standardized because of its variable composition. 

Recently, the international standard reference material for serum albumin measurement was 

adopted as the standard reference material for urine albumin measurement, enabling the 

standardization of urine albumin testing50. However, current methods for albumin 

measurement are based on immunoassays, which are more expensive than methods used for 

total urine protein measurement.

The rationale for preferring measurement of ACR and PCR (protein-to-creatinine ratio) to 

albumin and total protein concentration is to overcome variation in urine concentration and 

dilution. Many studies show high correlations between urine ACR and PCR in untimed 

“spot” samples with AER and PER (protein excretion rate) in timed urine specimens.16 

Because average values of creatinine excretion exceed 1.0 g/day, urine ACR and PCR in 

mg/g generally exceed AER and PER in mg/day, but the relationship between them varies 

by body size and other factors affecting creatinine generation. Clinical laboratories should 

measure creatinine when urine albumin or total protein are requested, and express the results 

as ACR or PCR in addition to albumin or total protein concentration. To overcome variation 

by creatinine generation, some investigators have proposed estimating creatinine excretion 

rate (CER) and multiplying this quantity by ACR to estimate AER51.
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Reagent strips allow inexpensive, point-of-care, semi-quantitative assessment of urine total 

protein concentration. Reagent strips (“dipsticks”) are more sensitive to albumin than other 

proteins, but lack specificity. Automated readers are more accurate than manual reading of 

reagent strips. For all methods, an early morning sample is preferred, as it minimizes 

variation due to diurnal variation in albumin excretion and in urine concentration. Other 

guidelines and commentaries concurred with these recommendations17,18.

Confirmatory Tests—Clinicians should understand the clinical settings in which urine 

ACR is less accurate (Table 3). They should know when confirmation of initial testing with 

additional untimed urine specimens or timed urine specimens is necessary and when a more 

accurate assessment of albuminuria is required. Examples include the detection of early 

diabetic kidney disease (previously termed “microalbuminuria”) or evaluation of potential 

kidney transplant donors.

Areas of Uncertainty

Indications for testing for acute and chronic kidney disease—Current guidelines 

do not recommend screening for kidney disease in the general population in the US52. 

However, most guidelines recommend testing for CKD in high-risk populations, including 

patients with hypertension, diabetes, cardiovascular disease, HIV infection, or a family 

history of kidney failure (see Supplement). Monitoring kidney function is also 

recommended during chronic therapy with many common medications, including diuretics 

and non-steroidal anti-inflammatory drugs, and many newer drugs used for HIV and cancer 

chemotherapy. Patients with acute medical conditions undergo frequent laboratory testing 

that can reveal the presence of acute and chronic kidney disease. The high prevalence of 

kidney diseases in the general population and the low cost of serum creatinine assays and 

urinalysis support these practices. However, like many accepted practices in clinical 

medicine, there have been not been large scale randomized trials to assess the benefits, 

harms and cost-effectiveness.

Assessment of duration of kidney disease—A frequent clinical problem is the initial 

evaluation of the patient in whom decreased eGFRcr or albuminuria is discovered for the 

first time. Current studies do not provide substantial information about the relative 

frequency of acute or chronic kidney disease in this setting. The importance of evaluation 

depends on the patient's clinical condition. AKI may require urgent attention to avoid life 

threatening complications, while CKD can generally be managed as an outpatient. The first 

step is to review prior medical records for past evidence of decreased GFR, albuminuria (or 

proteinuria) or other markers of kidney damage. In patients with acute illness, monitoring 

urine output and serum creatinine will allow early detection of AKI. In the absence of other 

data, repeat testing within 1-2 weeks is indicated. A renal ultrasound is helpful since 

detection of small kidneys provides unequivocal evidence of CKD.

Special populations (elderly, racial/ethnic minorities and obese)—Decreased 

GFR and albuminuria are common in the elderly, especially in association with CVD and 

CVD risk factors, but the cause of kidney disease is often not known with certainty. There is 

debate about whether these abnormalities reflect “aging” or “disease”53,54, and as with other 
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common chronic conditions in the elderly, there is debate about “overdiagnosis”55. 

Nevertheless, it is prudent to assess decreased eGFR for purposes of drug dosing, and 

avoiding drugs that are toxic to the kidneys (as described before). Knowing the level of 

eGFR and urine ACR in combination with age and sex is also useful in predicting the risk of 

kidney failure56. Racial and ethnic minorities in the US are at increased risk for CKD. 

Racial/ethnic variation in creatinine generation leads to uncertainty in the diagnostic 

thresholds for disease definition or staging based on eGFRcr and ACR within these groups 

in the US and throughout the world. eGFRcys may be more accurate than eGFRcr in racial/

ethnic groups other than whites and African Americans. Obesity is a risk factor for CKD. 

Body size influences GFR, and generation of both creatinine and cystatin C, making it 

difficult to interpret measured and estimated GFR, whether or not they are indexed by 

BSA57. At the present time, the GFR and albuminuria thresholds for the definition of kidney 

disease are based on risk associations and do not differ by age, race/ethnicity or body size, 

but this remains an important topic for research.

Drug dosing—There are conflicting recommendations about methods for assessment of 

kidney function for drug development and drug dosing58. The 2011 KDIGO clinical update 

on drug dosing in patients with acute and chronic kidney diseases recommended using GFR 

rather than creatinine clearance to evaluating kidney function for drug dosing. They also 

recommended use of the most accurate method for GFR evaluation for each patient rather 

than relying on estimated creatinine clearance from the Cockcroft-Gault equation59. The 

MDRD Study equation and CKD-EPI 2009 creatinine equation are both more accurate than 

the Cockcroft-Gault equation for estimating measured GFR40. Since drug dosing is based on 

body size, it is important to express GFR as ml/min, without indexing for BSA. To convert 

eGFR from ml/min/1.73 m2 to ml/min, multiply by BSA/1.73.

Methods for albuminuria testing in high risk populations—A recent meta-analysis 

showed that automated reagent strips had lower sensitivity than ACR for detecting 

albuminuria in patients with diabetes and hypertension60. Another meta-analysis showed 

that albumin concentration and ACR had similar performance characteristics in detecting 

albuminuria in patients with diabetes61. It is likely that ACR would be more accurate for 

distinguishing among categories of albuminuria as defined by KDIGO2 and monitoring 

changes overtime.

Evaluating CKD progression—There is no accepted definition for CKD progression. 

For clinical trials of drugs intended to slow the progression of of CKD, the US Food and 

Drug Administration uses a doubling of baseline serum creatinine, equivalent to a 57% 

decline in eGFR, as a surrogate endpoint for kidney failure. Unfortunately, doubling of 

serum creatinine is a late event in CKD. Data from recent meta-analyses suggest that smaller 

changes in eGFR (30% or 40%) or a doubling of urine albumin are associated with a higher 

risk of subsequent kidney failure and mortality62-64. It seems reasonable to use these 

measures in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box 1. Summary of Key Messages

• Acute and chronic kidney diseases are common and can be detected by simple 

and inexpensive laboratory tests that are frequently performed in clinical 

practice (serum creatinine to and urinalysis).

• Glomerular filtration rate (GFR) and albuminuria are the main kidney measures 

used for detection, staging and management of acute and chronic kidney 

disease. GFR is a measure of kidney function; albuminuria is a marker of kidney 

damage.

• Current guidelines do not recommend screening for kidney disease in the 

general population in the US. However, most guidelines recommend testing for 

CKD in high-risk populations.

• Initial tests for evaluation of GFR include serum creatinine to estimate GFR 

(eGFRcr) and urine albumin-to-creatinine ratio (ACR).

• Confirmatory tests should be performed when there is uncertainty if the 

accuracy of initial tests is sufficient for clinical decision-making.

• Confirmatory tests for GFR include serum cystatin C with or without creatinine 

to estimate GFR or clearance measurements. Confirmatory tests for albuminuria 

include albumin excretion rate in a timed urine collection.
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Figure 1. Assessment of GFR and Albuminuria for Detection of Acute and Chronic Kidney 
Disease
Figure illustrates stepwise use of initial and confirmatory tests for GFR and albuminuria for 

detection of acute and chronic kidney diseases and their association with complications.

Abbreviations: GFR, glomerular filtration rate: SCr, serum creatinine; SCysC, serum 

cystatin C; ACR albumin-to-creatinine ratio; AER, albumin excretion rate; CKD, chronic 

kidney disease; AKI, acute kidney injury; AKD, acute kidney diseases and disorders.
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