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Chronic kidney disease (CKD) causes substantial global
morbidity and increases cardiovascular and all-cause
mortality. Unlike other chronic diseases with established
strategies for screening, there has been no consensus on
whether health systems and governments should prioritize
early identification and intervention for CKD. Guidelines on
evaluating and managing early CKD are available but have
not been universally adopted in the absence of incentives
or quality measures for prioritizing CKD care. The burden of
CKD falls disproportionately upon persons with lower
socioeconomic status, who have a higher prevalence of
CKD, limited access to treatment, and poorer outcomes.
Therefore, identifying and treating CKD at the earliest
stages is an equity imperative. In 2019, Kidney Disease:
Improving Global Outcomes (KDIGO) held a controversies
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conference entitled “Early Identification and Intervention in
CKD.” Participants identified strategies for screening, risk
stratification, and treatment for early CKD and the key
health system and economic factors for implementing
these processes. A consensus emerged that CKD screening
coupled with risk stratification and treatment should be
implemented immediately for high-risk persons and that
this should ideally occur in primary or community care
settings with tailoring to the local context.
Kidney International (2021) 99, 34–47; https://doi.org/10.1016/
j.kint.2020.10.012
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N early 700 million persons worldwide have chronic
kidney disease (CKD), and the burden falls dispro-
portionately upon socially disadvantaged and other

vulnerable groups.1 In many regions, persons with lower
socioeconomic status have a higher prevalence of CKD,
limited access to treatment, and poorer outcomes.2–5 Early
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Table 1 | Key conclusions from the Kidney Disease: Improving Global Outcomes (KDIGO) Controversies Conference on Early
Identification and Intervention

Populations for CKD screening, risk stratification, and treatment

Conclusion 1. Persons with hypertension, diabetes, or cardiovascular disease should be screened for CKD.
Conclusion 2. CKD screening and treatment programs should also be implemented in other high-risk individuals and populations based on
comorbidities, environmental exposures, or genetic risk factors.
Conclusion 3. The initiation, frequency, and cessation of CKD screening should be individualized based on kidney and cardiovascular risk profiles and
individual preferences.

Measurements for early CKD

Conclusion 4. CKD screening and risk stratification must consist of a dual assessment of estimated glomerular filtration rate (eGFR) and albuminuria
(UACR).
Conclusion 5. Accurate GFR estimation includes both creatinine and cystatin C measurements for initial diagnosis and staging.
Conclusion 6. The combination of creatinine, cystatin C, and UACR for CKD screening is affordable in high-income settings.

Interventions for CKD

Conclusion 7. A key rationale for CKD screening is the availability of many effective interventions to delay CKD progression and reduce cardiovascular
risk.
Conclusion 8. Accurate diagnosis and staging of CKD are necessary to utilize treatments effectively.
Conclusion 9. Patient engagement is a critical component of efforts to screen for and treat CKD.

Health system and economic factors

Conclusion 10. CKD screening and treatment efforts require multi-stakeholder implementation strategies to overcome barriers to high-quality CKD
care.
Conclusion 11. Financial and nonfinancial incentives need to be aligned toward CKD screening, risk stratification, and treatment.
Conclusion 12. CKD screening in high-risk groups is likely to be cost-effective.
Conclusion 13. CKD screening approaches may differ in LMIC countries.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; LMICs, low- and middle-income countries; UACR, urine albumin-to-
creatinine ratio.
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identification of CKD by screening for kidney disease, fol-
lowed by risk stratification and treatment, offers the potential
to substantially reduce the morbidity and mortality from
CKD and its related complications, such as cardiovascular
disease.6,7 However, at present, there is no accepted systematic
strategy for CKD screening and treatment.

Despite effective methods to diagnose and treat CKD at its
earliest stages, there is a lack of consensus on whether health
systems and governments should implement CKD screening
programs. Professional societies have been discordant on
whether or not to screen for CKD.8–10 To address this ongoing
controversy, in October 2019, the Kidney Disease Improving
Global Outcomes (KDIGO) held a Controversies Conference
entitled “Early Identification and Intervention in CKD.”
Meeting participants represented a global multidisciplinary
panel of clinicians and scientists. The rationale for CKD
screening strategies was evaluated within the context of the
World Health Organization (WHO) principles of screening
for disease.11,12 Four major topics were then addressed: (i) the
selection of populations for CKD screening, (ii) the relative
diagnostic and predictive characteristics of tests for kidney
disease, (iii) the evidence base for treatments that reduce the
risk of CKD progression and cardiovascular disease, and (iv)
implementation strategies for CKD screening, risk stratifica-
tion, and treatment programs and the key factors determining
resource allocation and cost-effectiveness. The conference
agenda, discussion questions, and plenary session pre-
sentations are available on the KDIGO website: https://kdigo.
org/conferences/early-identification/.
Kidney International (2021) 99, 34–47
After a comprehensive review of the conference topics by 4
breakout groups and by all attendees in collective discussion,
consensus was reached to endorse a broad and proactive plan
for CKD screening, risk stratification, and treatment with the
goal of reducing the global burden of kidney disease (Table 1;
Figure 1). The conference participants agreed that CKD met
the WHO principles of screening for disease, as early CKD is
asymptomatic, there are accurate and low-cost diagnostic
tests, and effective treatments can be initiated in the early
stages (Table 21,10,13–33). Furthermore, the development of a
CKD screening program was considered to be an equity
imperative, particularly because socially disadvantaged and
other vulnerable populations experience a disproportionate
burden of CKD and are the least likely to receive effective
treatments to reduce the risk of complications and improve
outcomes.34–36

Two additional themes to emerge from the conference
serve as important underlying principles for CKD screening
strategies. First, as highlighted by patient representatives and
advocates, there was a strong belief that patients over-
whelmingly prefer earlier CKD screening and diagnosis and
that patient education has the potential to improve self-
management and disease prognosis. Second, a significant
economic rationale was evident for early CKD screening, risk
stratification, and treatment, particularly given the costs of
kidney failure to individuals, health care systems, and society.
For example, in the United States alone, Medicare spending
for those with CKD or kidney failure is estimated to be more
than 114 billion dollars annually.37 The economic burden is
35
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Figure 1 | Conceptual framework of a chronic kidney disease (CKD) screening, risk stratification, and treatment program.
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particularly acute in low and middle income countries
(LMICs); an estimated 188 million people experience cata-
strophic health expenditure annually as a result of kidney
diseases across LMICs, the greatest of any disease group.38

Specific components of an optimal CKD screening, risk
stratification, and treatment strategy are described in the
sections that follow.

Populations for CKD screening, risk stratification, and
treatment
Conference participants reviewed different potential objectives
for CKD screening and treatment initiatives: the identification
of all persons with CKD, the identification of individuals
within high-risk populations to maximize testing yield, or the
identification of individuals with CKD who are most likely to
progress to kidney failure or experience cardiovascular or other
CKD complications. Additional topics of discussion included
the definitions of high-risk populations and the optimal fre-
quency of rescreening. The conference participants concluded
that individual and population-level risk of having CKD and
experiencing its complications should informwhether persons
should be screened for CKD. Decisions concerning the age to
initiate testing, the frequency of repeat testing, and the time to
forgo or end testing should all be individualized based upon
risk factors, preferences, and life expectancy.

Conclusion 1. Persons with hypertension, diabetes, or
cardiovascular disease should be screened for CKD. The con-
ference participants concluded that efforts for early CKD
detection should first be implemented in individuals with
established CKD risk factors, given the higher expected
prevalence of CKD among those individuals. Conference
participants recognized that identifying and treating all CKD
cases would be the most complete approach to improving
kidney health and reducing the burden of kidney disease.
However, population-wide CKD screening programs were
noted to have potential drawbacks, including higher costs and
greater barriers to implementation than targeted high-risk
CKD screening. A strategy of CKD screening in populations
with common and important CKD risk factors will prioritize
the identification of cases at high risk for CKD progression
and cardiovascular events and with established treatment
strategies. This approach would detect individuals with CKD
at a lower cost per case identified but could miss CKD cases
that are attributable to less common or unrecognized risk
factors.
36
After reviewing data on worldwide CKD prevalence in
high-risk populations, the conference participants concluded
that CKD screening should be implemented for groups with
these well-accepted CKD risk factors: hypertension, diabetes,
and/or cardiovascular disease.39 For example, in the United
States, over 20% of individuals with hypertension have
increased albuminuria (urine albumin-to-creatinine ratio
[UACR] $ 30 mg/g), yet only 7% of those with hypertension
are tested for albuminuria, representing potentially millions
of patients with undiagnosed CKD.40 Similarly, participants
with self-reported cardiovascular disease in the National
Health and Nutrition Examination Survey in the United
States had a high CKD prevalence of over 40%.37 The con-
ference participants recognized that a CKD screening strategy
based upon the presence of specific risk factors could miss a
large population of patients who have not yet been diagnosed
with those CKD risk factors or who are not followed in pri-
mary care.

Conclusion 2. CKD screening and treatment programs should
also be implemented in other high-risk individuals and
populations based upon comorbidities, environmental exposures,
or genetic factors. Several other characteristics that may
elevate an individual’s likelihood of having CKD, including
older age, race/ethnicity, other systemic diseases that impact
kidneys (e.g. systemic lupus erythematosus, HIV infection),
family history of kidney disease, genetic risk factors, poor
access to health care or low socioeconomic status, high-risk
occupations and environmental exposures, prior acute kid-
ney injury,33 preeclampsia, exposure to nephrotoxins, and
obesity, were identified.25 CKD screening for persons with
these risk factors should be guided by an individualized
clinical assessment and joint decision making, rather than
with a uniform approach.

Conclusion 3. The initiation, frequency, and cessation of CKD
screening should be individualized based on kidney and
cardiovascular risk profiles and individual preferences. The
time in the life course when screening for CKD should begin
should be based upon the estimated likelihood of having CKD
for that individual, rather than chronologic age alone. Thus,
conference participants favored initiating CKD screening
based on comorbidities and individualized risk assessment
rather than at a specific chronologic age.

The frequency of testing is a critical aspect of CKD screening
programs and has substantial impact on costs. The conference
Kidney International (2021) 99, 34–47



Table 2 | CKD screening meets the WHO’s principles of screening for disease

WHO criteria CKD screening

1. The condition sought should be an important public health problem. � CKD is highly prevalent, costly, and its worldwide disease burden is
increasing.1

2. There should be an accepted treatment for patients with recognized
disease.

� Treatments for recognized CKD can be initiated during early stages, are
accepted, and are highly effective. Use of ACEi/ARBs in CKD patients
substantially reduces risk of kidney failure. A meta-analysis of randomized
trials showed that ACEi/ARB therapy lowered the odds of kidney failure by
30%–39% and of CVD events by 18%–24%.13

� Statin use has been shown to significantly decrease risk of cardiovascular
events and mortality in patients with CKD.14

� In randomized trials, intensified blood pressure control in CKD patients
reduced rates of fatal and nonfatal CVD events and all-cause mortality.15

� In type 1 diabetes, long-term glycemic control reduces incidence of CKD.16

In type 2 diabetes, glycemic control may be particularly beneficial in earlier
CKD stages.17

� SGLT2 inhibitors in patients with CKD with proteinuria and diabetes reduce
the risk of kidney failure by 30%–40%.18,19

3. Facilities for diagnosis and treatment should be available. � CKD screening and treatment in earlier stages could occur in primary-care
practices or community-based settings.

4. There should be a recognizable latent or early symptomatic stage. � CKD is asymptomatic until late stages. The asymptomatic stage contributes
to low awareness of CKD in patients with the diagnosis.20 Therefore, a
screening program could shift recognition of CKD into much earlier stages
relative to current practice.

5. There should be a suitable test or examination. � There are low-cost and accurate tests for CKD. Serum creatinine and
cystatin C are accurate tests to estimate GFR. Quantitative UACR is a
sensitive measurement of kidney damage, whereas urine dipstick
proteinuria is lower-cost but has lower sensitivity.21

6. The test should be acceptable to the population. � Testing for CKD is accepted by the population. CKD is tested through
standard venipuncture and non-invasive urine testing, and individuals with
CKD express a preference for early communication about a CKD
diagnosis.22

7. The natural history of the condition, including development from
latent to declared disease, should be adequately understood.

� The natural history of CKD, including consequences of inadequate treat-
ment, are well-understood. A large body of evidence has shown that CKD
increases the risk of cardiovascular events and mortality. If not adequately
treated, CKD may progress to kidney failure, and this risk can be predicted
using risk equations.23,24

8. There should be an agreed policy on whom to treat as patients. � There are clear guidelines for CKD treatment upon CKD detection. KDIGO
guidelines recommend ACEi/ARB therapy in diabetic and nondiabetic
adults with CKD and urine albumin excretion >300 mg/24 hours (or
equivalent), and suggest ACEi/ARB use in diabetic adults with CKD and
urine albumin excretion 30–300 mg/24 hours (or equivalent).25

� Statin use is recommended for all patients with CKD above the age of 50 or
with intermediate or high atherosclerotic cardiovascular disease risk, and
CKD is a risk enhancer for patients with borderline atherosclerotic cardio-
vascular disease.26,27

� Current guidelines from the American College of Cardiology/American
Heart Association (ACC/AHA) recommend that adults with hypertension
and CKD should be placed in a high-risk category and be treated to a BP
goal of less than 130/80 mm Hg, without delaying treatment for a trial of
nonpharmacologic interventions.28 Forthcoming KDIGO BP guideline
update will advocate targeting systolic BP < 120 mm Hg.

� SGLT2 inhibitors are recommended in persons with diabetes and CKD.10

9. The cost of case-finding (including diagnosis and treatment of
patients diagnosed) should be economically balanced in relation to
possible expenditure on medical care as a whole.

� CKD screening in high-risk groups is likely to be cost-effective. Several cost-
effectiveness analyses of urine dipsticks and other methods of CKD
screening have found that screening persons with hypertension or
diabetes was cost-effective in simulation models.29,30 Given the low cost of
testing, strategies can be tailored to the resources of the specific health
care system, as with other screening targets.31

10. Case-finding should be a continuing process and not a “once and for
all” project.

� If a screening program is implemented, repeated screening is necessary to
detect incident CKD in individuals with an initial negative screen. One-time
screening does not capture high lifetime risk of CKD.32

� An efficient detection strategy could tailor the timing of the next testing to
the probability of new CKD based upon risk factors and current test
results.33

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease; GFR,
glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes; SGLT2, sodium-glucose cotransporter-2; UACR, UACR, urine albumin-to-creatinine ratio; WHO,
World Health Organization.
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participants agreed that the frequency of repeat testing should
not be uniform for all persons, but rather should be guided by
each individual’s risk of developing CKD, based in part upon
the results of previous testing. Risk equations that estimate 5-
year CKD probabilities could be used to guide the timing of
subsequent testing.33 For example, individuals with a high
probability of incident CKD at 5 years could be rescreened at 1-
or 2-year intervals, whereas those at low risk of incident CKD
could be rescreened after several years.

The diagnosis of CKD is currently a controversial topic
among older adults, who experience the greatest burden of
CKD and are at the highest risk for certain complications,
such as cardiovascular disease and heart failure.41–43 Some
nephrologists are concerned that CKD is overdiagnosed
among older adults and have called for an age-adapted defi-
nition.44 However, underdiagnosis of CKD in older adults
also carries consequences, as older adults have the highest
prevalence of CKD and CKD impacts their physical and
cognitive function, medication safety, and cardiovascular
prognosis. Conference participants acknowledged that there
are potential harms associated with CKD overdiagnosis in
older adults; in response, members emphasized that in older
adults CKD should be appropriately diagnosed and risk
stratified using all available measurements. For example,
among those with an estimated glomerular filtration rate
based on serum creatinine (eGFRCr) 45–59 ml/min per 1.73
m2 and UACR < 30 mg/g, the diagnosis of CKD should
require confirmation by cystatin C testing, as recommended
by the KDIGO 2012 guidelines (recommendation 1.4.3.5).25

Second, in the setting of limited life expectancy, CKD treat-
ment strategies should carefully weigh the risks and benefits
of treatment. Older adults should not be excluded from CKD
screening programs, and whether or not to screen for CKD in
an older individual should be determined with a holistic
approach to patient treatment goals as with other population-
based screening programs, like cancer detection.

Measurements for early CKD
The ideal measurements for CKD testing would accurately
screen, confirm, and stage CKD; risk stratify for important
outcomes; and guide treatments relevant to prevention of
kidney and cardiovascular complications. The conference
participants reviewed the breadth of evidence related to
testing methods for CKD and concluded that the ideal initial
screening approach must consist of both eGFR (by creatinine,
cystatin C, or both) and albuminuria measurement. Similarly,
conference attendees agreed that at the stage of confirmation,
the ideal CKD diagnosis would consist of the “triple marker”
panel of serum creatinine, serum cystatin C, and UACR.

Conclusion 4. CKD screening and risk stratification must
consist of a dual assessment of estimated glomerular filtration
rate (eGFR) and albuminuria (UACR). Assessing both kidney
function by eGFR and kidney damage by measuring albu-
minuria are critical both to detect and to risk stratify CKD.45

Lower eGFR and higher albuminuria are both strongly asso-
ciated with risks of cardiovascular events, kidney failure, and
38
mortality, so their measurement is crucial for effective risk
stratification of persons with CKD. The presence and severity
of albuminuria also guides the use and dosage of treatments
such as angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers (ACEi/ARBs). Despite guideline rec-
ommendations, many clinicians currently fail to assess
albuminuria in patients with reduced eGFR46–48 or diabetes.49

The preferred method for initial screening for CKD, in
addition to eGFR measurement, is the UACR. UACR is
preferred over urine protein-to-creatinine ratio because
UACR specifically detects albumin, which has stronger asso-
ciations with clinical outcomes and is required to appropri-
ately stage CKD according to the KDIGO 2012 CKD
guidelines.25 Uurine protein-to-creatinine ratio also measures
non-albumin proteins and may be less sensitive for albumin
at the lower ranges of detection. Urine dipstick assays are
inexpensive but less sensitive for detecting clinically impor-
tant albuminuria, especially in the 30–300 mg/g range.21

Conclusion 5. Accurate GFR estimation includes both
creatinine and cystatin C measurements for initial diagnosis and
staging. There was strong agreement by the conference at-
tendees that GFR should be estimated using creatinine and
cystatin C in parallel, which would more accurately diagnose
and stage CKD, with less misclassification, than a strategy
based upon creatinine alone.50,51 There is a low number
needed to test with cystatin C to avoid CKD misclassification.
For example, in a meta-analysis of 90,750 participants across
16 cohort studies, 23% of persons with eGFR 60–74 ml/min
per 1.73 m2 based on creatinine had eGFR <60 ml/min per
1.73 m2 based on cystatin C.50 Conversely, among persons
with eGFR 45–59 ml/min per 1.73 m2 by creatinine, 42% had
eGFR $60 ml/min per 1.73 m2 by cystatin C. Similarly, in the
UK Biobank study of 440,526 participants, 14.5% of persons
with an eGFR 60–75 ml/min per 1.73 m2 by creatinine had
eGFR <60 ml/min per 1.73 m2 by cystatin C, and a total of
53.7% of persons with eGFR 45–59 ml/min per 1.73 m2 by
creatinine were reclassified to eGFR $60 ml/min per 1.73 m2

by cystatin C.
The inclusion of cystatin C in CKD diagnosis and treat-

ment initiatives is consistent with the KDIGO 2012 Guide-
lines25 and is a critical component of accurate risk
stratification, as cystatin C markedly strengthens the associ-
ation between eGFR and cardiovascular events, kidney failure,
and death.50,51 Accurate eGFR staging has implications for
treatment, as certain medications have indications that are
determined in part by the GFR stage. Cystatin C has the
additional advantage of offering GFR estimates that do not
require the incorporation of a race coefficient, as is required
for creatinine.52 Although cystatin C is an integral test for the
initial diagnosis and staging of CKD, conference participants
agreed that it may not be required for routine monitoring
after the diagnosis of CKD is made.

Conclusion 6. The combination of creatinine, cystatin C, and
UACR for CKD screening is affordable in high-income
settings. The cost of the tests used to screen for CKD has
a major influence on the affordability and the cost-
Kidney International (2021) 99, 34–47
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effectiveness of a CKD screening and treatment program.
Because these are all automated tests, the cost of each mea-
sure will decrease proportionately to the volume of tests that
are conducted.53 The actual costs to perform diagnostic tests
often differ substantially from the reimbursement rate
negotiated or set by payors for the tests, and costs are typi-
cally much lower than what a health system or laboratory
might charge a private customer in the absence of health
insurance or a national health plan. To assess international
CKD testing availability and costs, KDIGO collaborated with
the International Society of Nephrology (ISN) to conduct a
global survey. Of 24 respondents (73% response rate), there
was high availability of CKD laboratory tests globally and a
low cost of serum creatinine and UACR testing. Reim-
bursement rates for the “triple marker” panel of serum
creatinine, serum cystatin C, and UACR are likely affordable
in high-income settings.

Interventions for CKD
A fundamental justification for the early detection of CKD is
the availability of evidence-based interventions to slow the
progression of CKD and reduce its complications. Accurate
diagnosis and staging of CKD impact the choice of treat-
ments. Conference participants reviewed the evidence for
effective interventions in CKD.

Conclusion 7. A key rationale for CKD screening is the
availability of many effective interventions to delay CKD pro-
gression and reduce cardiovascular risk. Because the utility of
CKD screening and risk stratification depend upon the po-
tential for effective treatments, the conference summarized
available evidence for interventions that delay CKD progres-
sion and reduce cardiovascular risk (Figure 254,55). A
cornerstone of managing CKD is lifestyle modification, and
although the benefits are largely inferred from observational
studies,56–60 implementing lifestyle recommendations poses
no or low risk for patients. For all persons with CKD, rec-
ommendations include smoking cessation, regular exercise,
and a healthy diet (fruit, vegetables, legumes, and whole
grains) (Figure 3).

Intensive blood pressure lowering has been shown to
reduce cardiovascular events and all-cause mortality in
nondiabetic CKD, and is likely to be cost-effective.15,61 Use of
statins and ezetimibe lower the risk of major adverse car-
diovascular events,14,62,63 and low-cost statins are cost-
effective in CKD.64 Evidence is emerging on the role of
intensive glucose control in reducing the risk of kidney events;
however the renal benefits of intensive glucose control should
be weighed with risks when using agents that cause hypo-
glycemia.65 More recently, SGLT2 inhibitors show a strong
benefit in slowing the progression of diabetic kidney disease,
with the greatest absolute benefits in those with higher
albuminuria; evidence for SGLT2 inhibitors in nondiabetic
CKD is emerging.18,19,66–68 Another class of glucose-lowering
agents, glucagon-like peptide-1 (GLP-1) receptor agonists,
significantly reduce cardiovascular outcomes among persons
with CKD69 and may slow diabetic kidney disease
Kidney International (2021) 99, 34–47
progression.70,71 Treatment of metabolic acidosis in CKD G3
with fruits and vegetables or oral bicarbonate may preserve
GFR and additional studies are ongoing.72 In summary,
contrary to the previous nihilism about the utility of CKD
screening programs, there are numerous effective treatments
now available for management of CKD.

Conclusion 8. Accurate diagnosis and staging of CKD are
necessary to utilize treatments effectively. Accurate diagnosis
and staging of CKD are critical in choosing effective treat-
ments, dosing medications appropriately, and minimizing
nephrotoxic burden. Early identification of CKD is important
in the consideration of blood pressure management and
targets. Identification of albuminuria impacts the choice of
antihypertensive agent, as ACEi/ARBs are first-line agents in
those with albuminuria, even in the absence of hypertension.

Accurate GFR estimates are crucial for safe and effective
medication dosing in persons with CKD. For example,
gabapentinoid use is prevalent among patients with CKD,73

and drug accumulation increases risks of side-effects such
as sedation. Similarly, the association of baclofen with risk of
encephalopathy increases with higher CKD stage.74 Diagnosis
and staging of CKD also influences the need for nephrotoxin
avoidance, including minimization of nonsteroidal anti-
inflammatory drug exposure and i.v. contrast.

Conclusion 9. Patient engagement is a critical component of
efforts to screen for and treat CKD. Patient and family edu-
cation and engagement are critical to the success of early
CKD care. When implemented appropriately, education can
have a number of potential benefits, including improved
patient activation, improved access to health care, improved
access and adherence to medications, timely nephrology
referral, dietician referral, and diabetes education. There is
evidence suggesting that well designed, interactive,
frequent, and multifaceted educational interventions that
include both individual and group participation can
improve knowledge and self-management for secondary
prevention of CKD.75,76 Although there is limited reim-
bursement for patient education on CKD in its earliest
stages,77 education programs are accessible across multiple
languages and cultures and vital to providing patients in-
formation about kidney health. Barriers to educating pa-
tients about early CKD include the use of literature that is
not at an appropriate level or in a familiar language,78 poor
access to multidisciplinary teams,79 or lack of health system
preparedness. Nephrology societies in individual countries
can work to ensure that information is culturally appro-
priate.80,81 Public education, shared decision making,
culturally appropriate messaging, use of mobile technology,
support groups, community outreach, community re-
sources (food banks, housing), indigenous navigators/
health coaches, and social marketing all have potential
benefits for generating and maintaining engagement.

Several online tools and mobile applications are now
available to engage people in the detection and management
of early CKD.82 The National Kidney Disease Education
Program (NKDEP) sponsors an initiative to promote kidney
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Assign eGFR category (ml/min/1.73 m2);
G1 = ≥ 90; G2 = 60 – 89; G3a = 45 – 59; G3b = 30 – 44; G4 = 15 – 29; G5 = <15

Identify and treat specific cause of CKDd

Figure 2 | Algorithm to screen, risk stratify, and treat chronic kidney disease (CKD). Based on Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines and adapted from Vassalotti et al.54,55 aCare for older adults or those with limited life expectancy, including
necessity of screening for CKD and treatment recommendations, should be individualized based on clinical status and patient preference. bIf
estimated glomerular filtration rate (eGFR)cr 45–59 ml/min per 1.73 m2 or in individuals with low muscle mass, chronic illness, malnutrition, or
other circumstances, order cystatin C to estimate glomeular filtration rate (GFR). cThere are no current evidence-based recommendations
regarding frequency of screening. Consider using risk equations (e.g., from CKD Prognosis Consortium) to estimate interval risk of developing
CKD. dCause of CKD is classified based on clinical evaluation. eBased on level 2 recommendation, which means a majority of people would
adopt systolic blood pressure target < 120 mm Hg while many others may opt for a less-intensive approach. As there is likely to be marked
variability in how individual patients weigh and value the potential benefits and harms of intensive blood pressure (BP) control (continued)
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Lifestyle modification

RAS inhibitiona

Optimize blood pressure control

Statinsb

Smoking cessation

Optimize glycemic control

GLP-1 receptor agonistsd

Treat metabolic acidosis 

SGLT2 inhibitorsc

Treat underlying cause, avoid nephrotoxins, and adjust medication dosages
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Figure 3 | Interventions to slow chronic kidney disease (CKD) progression and/or reduce cardiovascular risk. aUnclear if and when to
discontinue renin-angiotensin system (RAS) inhibition in advanced CKD. bStatins should not be initiated for those beginning dialysis therapy.
However, patients already receiving statins at the time of dialysis initiation can continue their statin treatment. cApplies to CKD patients with
type 2 diabetes only. SGLT2 inhibitor is recommended as first-line treatment with metformin and may also have benefits in persons with
CKD and no diabetes.67,68 Sodium-glucose cotransporter-2 (SGLT2) inhibitors should be initiated if estimated glomerular filtration rate (eGFR)
30 ml/min per 1.73 m2 and can be continued through G4–G5 until dialysis initiation, at which point SGLT2 inhibitor should be discontinued.
There is no evidence for initiation of SGLT2 inhibitors if eGFR < 30 ml/min per 1.73 m2. dApplies to CKD patients with type 2 diabetes only.
Glucagon-like peptide-1 (GLP-1) receptor agonist can be considered when SGLT2 inhibitor and/or metformin is not tolerated or glycemic
target is not reached. Dulaglutide can be used if eGFR > 15 ml/min per 1.73 m2; exenatide can be used if creatinine clearance > 30 ml/min;
there are limited data for use of liraglutide, lixisenatide, or semaglutide in severe CKD. Consult dosing recommendations for use of these
agents in CKD G4 and G5.
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disease education via digital media and curates educational
topics targeted to patients rather than providers.83 Patient
portals allowing direct access to providers and medical in-
formation can facilitate patient self-management and
communication with providers.84 As mobile technologies
emerge to support health care delivery, a large portion of the
CKD population may have difficulty accessing them because
individuals with CKD are frequently older, may have lower
socioeconomic status and health literacy,82,84–86 and may have
privacy concerns about disease labeling and health informa-
tion.85–89 Moving forward, the co-design of interventions
with patients embedded in local communities will be
important for ensuring utility and acceptability.

Health system and economic factors
The KDIGO 2012 guideline for the evaluation and manage-
ment of CKD25 was a major step toward defining high-quality
CKD care. However, uptake in clinical practice has been sub-
optimal, with clinicians typically failing both to assess
=

Figure 2 j (continued) and since this may vary with age, culture, numb
decision-making between individual patients and clinicians should be e
albumin-creatinine ratio; AKI, acute kidney injury; ARB, angiotensin rece
coronary artery disease; CVD, cardiovascular disease; GLP-1 RA, glucagon-
anti-inflammatory drugs; PICC, peripherally inserted central catheter line
parathyroid hormone; RBC, red blood cell; SGLT2, sodium-glucose cotra
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albuminuria for CKD diagnosis and staging90 and to confirm
the diagnosis of CKD in persons with eGFRCr of 45–59 ml/min
per 1.73 m2 with measurements of cystatin C, where avail-
able.91–94 Recognizing these large implementation gaps, the
KDIGO conference participants devoted substantial effort to-
wards considering effective implementation strategies
and summarizing the barriers and facilitators for effective CKD
care in the context of health system and economic factors.

Conclusion 10. CKD screening and treatment efforts require
multi-stakeholder implementation strategies to overcome barriers
to high-quality CKD care. The conference participants iden-
tified key strategies for CKD screening program development
and success. Success of any CKD screening program will
depend upon the engagement of health professionals in the
local context, particularly primary care clinicians and allied
health professionals, including front-line health workers.
Patient-related barriers in CKD care include low patient
knowledge of CKD and its associated risks and social risk
factors, such as limited financial resources and low health
er of drugs (both BP-lowering and other) and other factors, shared
mphasized. ACEi, angiotensin converting enzyme inhibitor; ACR,
ptor blocker; ASCVD, atherosclerotic cardiovascular disease; CAD,
like peptide-1 receptor agonist; Hb, hemoglobin; NSAID, nonsteroidal
; PT-INR, prothrombin time-international normalized ratio; PTH,
nsporter-2.
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Table 3 | Health system–level approaches for improving early CKD identification and management

Framework for developing initiatives

Conceptual
� Understand patient flow through the health system and identify possible tactics for engagement
� Develop risk-based approaches to identifying and treating CKD
� Integrate novel program processes with existing health services and processes

B Augment/strengthen in view of early CKD identification and intervention
� Actively engage with:

B Patients
B Health care clinicians
B Health system administrators and policy makers

� Develop monitoring and improvement strategies
Practical
� Determine population for screening based on local risk factors
� Identify existing screening programs for other diseases, such as cardiovascular
� Assess whether there is necessary political commitment
� Specify available resources (workforce/material/funding)
� Develop a technical package, strategies using the best available evidence, for CKD screening and management
� Provide specific, actionable recommendations with level of evidence
� Develop targeted versions of the guideline summary aimed at patients and primary-care providers103,104

� Develop visually appealing infographics and apps to aid in knowledge translation
� Integrate guideline recommendations in laboratory information systems and electronic health records with clinical decision support
� Engage medical educators to teach guideline-based CKD care in medical schools
� Engage all stakeholders—professional societies (such as ISN), patients, payers, health systems, and disease-specific foundations—in dissemination

strategies
� Establish governance for monitoring, evaluation, and improvement

Framework for continued advocacy and expansion of efforts

� Identify the full health and economic burdens of kidney diseases
� Establish kidney disease registries and use collected data to drive surveillance, feedback, and integration
� Collaborate with other guideline bodies and professional societies to maximize consistency in recommendations (e.g., primary care, cardiology,

endocrinology, geriatrics)
� Develop evidence-based quality measures for CKD care
� Document real-world health and economic consequences of successful interventions and models of care
� Identify methods for sustainable financing of optimal services
� Generate and promote evidence linking health promotion to improved health and economic outcomes regarding kidney diseases
� Continue advocacy from researchers, clinicians, and policy makers for healthy environments and lives
� Focus investments and reforms to develop effective primary-care systems, including pharmaceuticals and behavioral interventions
� Invest in research to identify novel risk factors for kidney diseases
� Implement cost-effective strategies to target care to individuals at increased risk of kidney disease

CKD, chronic kidney disease; ISN, International Society of Nephrology.
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literacy. Health system–related barriers include perceived lack
of urgency for detecting early CKD among primary care cli-
nicians, lack of knowledge of CKD guidelines, lack of
incentives for CKD interventions, lack of CKD-specific clin-
ical quality measures, and suboptimal communication be-
tween specialties.79,95,96

Several efforts can improve CKD management in the
primary care setting. Identifying high-risk individuals for
CKD screening will require that clinicians are educated about
CKD risk factors. Effective CKD risk stratification will require
education about CKD staging, particularly the importance of
albuminuria.48,49,96,97 To bridge the education gap, existing
guidelines could be simplified with quick reference guides for
primary care clinicians. Approaches for CKD screening, risk
stratification, and treatment should be integrated with exist-
ing health services and processes.98 For example, automated
laboratory reporting55,99 and the use of risk equations and
clinical decision support tools could be embedded in existing
electronic health records to guide the selection of individuals
for testing and the frequency of repeat testing. Subsequently,
42
the extensively validated Kidney Failure Risk Equation24,100

could risk-stratify patients for appropriate referral to spe-
cialty care and frequency of follow-up, thereby improving
efficiency.101 Selection of high-risk individuals and pop-
ulations should be tailored to local populations, who may face
distinct biological, environmental, and social risk factors.

Several models of care could be used to optimize care for
newly diagnosed patients with CKD. These include co-
management of care between primary care and nephrology,
nephrology specialist consultation for high-risk CKD patients,
and team-based multidisciplinary care.102 Interventions for
CKD early identification and intervention should be inte-
grated into existing workflows using quality-improvement
principles or as effectiveness-implementation hybrid studies.
Overarching principles for development include efficiency,
equity, ethics, education, sustainability, scalability, cultural
appropriateness, access, and quality (Table 3103,104). In-
terventions based upon detection and management of other
chronic diseases could be applied or extended to include CKD
screening, risk stratification, and treatment.105
Kidney International (2021) 99, 34–47



Table 4 | Defining success for CKD screening, risk stratification, and treatment programs

Outcomes Indicators

Process (pertaining to health systems, providers, or patients)
� Screening with the correct tests (eGFR and UACR)
� Timely and appropriate follow-up testing
� Dietary, exercise, and smoking cessation counseling
� Clinician CKD awareness as measured by documentation
� Patient adherence to treatment plan
� Appropriate nephrology/kidney transplant referrals
� Availability of essential medicines and testing

Patient-centered
� Patient awareness of and attitudes toward CKD diagnosis
� Patient experience and satisfaction
� CKD-specific knowledge
� Trust in physician
� Quality of life
� Shared decision-making for modality choice, including kidney replacement therapy and conservative management

Intermediate clinical
� Blood pressure control
� Glycemic control
� Statin use
� ACEi/ARB use
� SGLT2 inhibitor use
� Vaccinations
� Management of CKD-specific complications
� Drug dosing/adverse drug events

Clinical
� CKD progression—eGFR slope, 40% decline in eGFR, doubling of serum creatinine, kidney failure
� Hospitalization or emergency department visits
� Cardiovascular events
� Acute kidney injury events
� Emergency dialysis starts
� Pre-emptive transplant rates
� All-cause mortality

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; SGLT2, sodium-
glucose cotransporter-2; UACR, urine albumin-to-creatinine ratio.
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After implementation, CKD screening programs should be
rigorously evaluated. There are a large variety of potential
outcomes that can be studied for determining program success
(Table 4). Categories of relevant endpoints include process
measures (persons diagnosed with CKD, new treatments initi-
ated), patient-centered measures (knowledge, awareness), in-
termediate clinical measures (blood pressure control, glycemic
control), and clinical outcomes (cardiovascular events, kidney
failure, and death). In addition, the resource impact and costs to
the health system should be evaluated. Process, patient-
centered, and intermediate clinical outcomes may be more
feasible short- andmedium-term targets than clinical endpoints
to quantify the efficacy of CKD screening programs as they
occur on shorter time horizons. In order to demonstrate an
effect on clinical outcomes, studies would need to have large
sample sizes and long durations of follow-up.

Conclusion 11. Financial and nonfinancial incentives need to
be aligned toward CKD screening, risk stratification, and
treatment. For health systems to be incentivized toward CKD
early identification, payors would need to adopt a lifetime risk
perspective, as the benefits of CKD screening and early inter-
vention accrue slowly. Currently in many countries, physicians
receive greater reimbursement for time spent treating patients
with kidney failure than for an equal amount of time treating
Kidney International (2021) 99, 34–47
CKD at earlier stages.106 To achieve success in CKD screening
programs, resources need to be allocated toward prevention of
kidney-related and cardiovascular adverse outcomes. CKD
screening and treatment programs may benefit from utilizing
financial incentives and/or penalties through pay-for-
performance programs or alternative payment models. Tac-
tics for reducing program costs include high-throughput
testing, leveraging generic treatments including fixed-dose
combinations, price negotiations, and strategic purchasing.

Conclusion 12. CKD screening in high-risk groups is likely to be
cost-effective. The conference included experts in health
economics who reviewed existing simulation models that
evaluated the cost-effectiveness of CKD screening strategies
and their impact on downstream health outcomes. Existing
CKD detection and treatment simulation models indicate that
screening high-risk individuals for CKD, including those with
hypertension or diabetes, is likely to be cost-effective in high-
income countries based upon thresholds of approximately
$50,000-$150,000 USD per quality-adjusted life year.30,107

However, it was emphasized that cost-effectiveness is not a
binary assessment but rather represents a likelihood of cost-
effectiveness at each $/quality-adjusted life year threshold,
sensitive to the assumptions of the model. Important drivers
of cost-effectiveness for CKD screening are the frequency of
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testing, expected prevalence and incidence (testing yield) of
CKD, and costs of confirmatory tests and treatment, among
others.30,108,109

Several limitations of existing cost-effectiveness studies
were identified and their correction suggested as future
research directions.109 First was the predominant focus on
proteinuria, primarily dipstick proteinuria, which is
insensitive for low levels of albuminuria. Second, there was
very limited inclusion of cardiovascular outcomes, which
are key complications of CKD that drive hospitalizations
and mortality; most CKD patients are at much higher risk
for cardiovascular events than progression to kidney failure.
Third, few cost-effectiveness studies included LMICs.
Fourth, models did not incorporate patient perspectives
and patient-reported outcomes. Last, many models had
outdated or incomplete evidence and potentially inaccurate
assumptions.

The conference participants concluded that the appro-
priate time frame for simulating the effect of a CKD screening
program is at minimum a decade and preferably a lifetime
horizon. In addition, the health system perspective may un-
dervalue the cost-effectiveness of CKD screening programs
due to benefits in reducing disability and unemployment, so
the societal perspective should also be considered. Projecting
and monitoring cost-effectiveness may be done using high-
quality natural history observational studies, clinical trial
data on intervention effects, and local health system data on
outcomes and costs.

Conclusion 13. CKD screening approaches may differ in LMIC
countries. The conference members concluded that CKD
screening approaches depend on the screening setting and
available resources.110 Managing the cost of early CKD
screening programs is important for their successful imple-
mentation, especially in LMICs.111,112 The conference par-
ticipants recognized that the cost of measuring creatinine,
cystatin C, and UACR in LMICs may be prohibitive.113 In
such settings, creatinine testing and dipstick screening for
albuminuria were deemed to be an acceptable first step if
followed by appropriate confirmatory testing. The conference
participants called for universal availability of eGFR and
albuminuria testing in primary care globally. The commit-
ment and resources to treat persons who have newly detected
CKD are critical components for any CKD screening pro-
gram, as screening must be linked directly with risk-
stratification and treatment capabilities.

In some countries, widespread testing for low eGFR by
creatinine or cystatin C is already in place. In such settings,
addition of a screening program designed to identify in-
dividuals with albuminuria but normal eGFR could identify
additional high-risk individuals among whom treatments
such as ACEi/ARBs may be beneficial. In resource-poor set-
tings with elevated risk of proteinuric kidney disease, such as
populations with prevalent APOL1 high-risk variants, wide-
spread screening with urine dipstick may be beneficial, ideally
accompanied by eGFR measurement. Individuals identified
by such screening approaches could then be evaluated with
44
assessment of both eGFR (by creatinine, cystatin C, or both)
and UACR to confirm the diagnosis of CKD and accurately
risk stratify.

In communities with limited availability of primary care
clinicians, community-based screening using nonphysician
health care workers may be an option for CKD screening, risk
stratification, and treatment. In some settings, treatments for
late stages of CKD, such as dialysis or transplantation, may
not be widely available, underscoring the importance of early
CKD identification and intervention.7

Conclusions
The KDIGO Controversies Conference participants were
unanimous that the bulk of evidence supports systematic
approaches to screen for, risk stratify, and treat persons with
CKD. Because interventions to slow CKD progression and
reduce cardiovascular risk are evidence based and have been
shown to improve outcomes, conference attendees agreed that
the focus should be on strategies to maximize deployment of
CKD screening, risk stratification, and treatment efforts.
Ideally, these implementation efforts will be launched across
multiple countries and myriad health systems. A worldwide
effort will generate lessons learned and opportunities to share
and disseminate strategies that are successful. Pragmatic trials
should be designed to test CKD early-identification and
intervention programs across various high-risk populations
using different combinations of measures. Implementation
efforts should engage policy makers, local clinicians, the
community at large, and broader stakeholders in an iterative
process. Ultimately, we call for large-scale randomized
controlled trials to evaluate the effects of CKD screening, risk-
stratification, and treatment programs compared with usual
care on clinical endpoints. Implementing and evaluating
systematic CKD screening efforts across large health care
systems will build definitive evidence regarding their effec-
tiveness to reduce morbidity and mortality from kidney dis-
ease for the global population.
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