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Introduction:
Statistics for Chronic 
Kidney Disease (CKD)



Bikbov B, Purcell CA, Levey AS, et al. Global, regional, and national burden of chronic kidney disease, 1990–2017: a systematic analysis for the Global Burden 
of Disease Study 2017. The Lancet 2020
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Kidney Disease Statistics for the United States: Costs
• Medicare spending for patients with CKD ages 65 and older exceeded $81 billion 

in 2018 and represented 22% of all Medicare spending in this age group.

• More than 70% of Medicare spending for CKD patients age 65 and older was 
incurred by those who also had diabetes, congestive heart failure or both. 

• Spending was more than twice as high for patients with all three chronic 
conditions of CKD, diabetes, congestive heart failure ($57,965) than in patients 
with only CKD ($25,734).

• Total Medicare-related expenditures for beneficiaries with ESRD rose to $49.2B in 
2018 and accounted for 7.2% of Medicare fee-for-service expenditures.

https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease


Kidney Disease Statistics for the United States | NIDDK (nih.gov)

Kidney Disease Statistics for the United States: Mortality

https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease


Crews DC, Bello AK, Saadi G, World Kidney Day Steering C. Burden, access, and disparities in kidney disease. Kidney Int Rep 2019;4:372-9.



Mean Annual Health Care Cost Per Patient with CKD (developed 
countries) 

• Progression from CKD G1–G2 to CKD G3a-3b was associated with a 1.1–1.7 fold 
increase in per patient mean annual health care cost

• Mean annual total health care costs per patient:
o CKD G1-G3b: $1,600 to $25,037
o CKD G4–G5: $5,367 to $53,186
o Kidney failure: $20,110 to $100,593

Elshahat S et al. PLoS ONE 2020; 15: e0230512



Screening for CKD:
Barriers to Early 
Identification & Intervention



https://www.pinterest.com/pin/374361787748770734/

Early identification of CKD

❑ Screening
❑ Risk stratification
❑ Treatment

https://www.pinterest.com/pin/374361787748770734/


Professional organizations have been discordant on whether or 
not to screen for CKD



In the absence of 
direct evidence to 

support screening, we 
have to make tough 

choices using all 
available evidence.

Professional organizations have been discordant on whether or 
not to screen for CKD



KDIGO Early Identification & 
Intervention in CKD 
Controversies Conference



KDIGO Early Identification & Intervention in CKD 
Controversies Conference

(Official hashtag: #KDIGOEarlyCKD)





1. The selection of candidate populations for CKD early detection
2. The relative diagnostic and predictive characteristics of tests for 

kidney disease and their potential costs
3. The evidence base for treatments that could reduce the risk of CKD 

progression and cardiovascular events
4. The implementation strategies for CKD early detection and treatment 

programs and the key factors determining resource allocation and 
cost-effectiveness

Outline: Four Major Topics



Conceptual framework of a CKD screening, risk stratification, 
and treatment program



• Public health problem
• Early asymptomatic phase
• Detectable by affordable testing
• Treatments are effective and available 
• Disease progression understood
• Screening treatment must be ongoing, not just one episode 
• Affordable for overall healthcare budget

WHO Screening Principles Apply to CKD



• Patients overwhelmingly prefer earlier CKD screening and diagnosis.

• Patient education has the potential to improve self-management and 
disease prognosis.

• Economic rationale must favor some program of early CKD 
screening/risk stratification/treatment, given the costs of kidney failure 
to healthcare systems and society.

Additional Considerations



• Identification of all persons with CKD
• Identification of individuals within high-

risk populations to maximize testing 
yield

• Identification of individuals with CKD 
who are most likely to progress to 
kidney failure or experience 
cardiovascular or other CKD 
complications

• Additional topics:
‒ Definitions of high-risk populations
‒ Optimal frequency of rescreening

Approaches considered to CKD screening, risk-stratification and 
treatment



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

• Life expectancy

Individualized Treatment



Controversies Conference Report 
Conclusion 1:  

Persons with hypertension, diabetes, and 
cardiovascular disease should be screened for 
CKD.



Conclusion 1:  Persons with hypertension, diabetes, and 
cardiovascular disease should be screened for CKD.



CKD screening should be 
implemented for groups with these 
well-accepted CKD risk factors:

❑ Hypertension,
❑ Diabetes, and/or
❑ Cardiovascular disease

https://heart.bmj.com/content/99/8/577

Screening Strategy



Controversies Conference Report 
Conclusion 2:  

CKD screening and treatment programs should 
be also implemented in other high-risk 
individuals and populations based on 
comorbidities, environmental exposures, or 
genetic factors.



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 factors.

Older age Race/ ethnicity SLE HIV Family History Genetic Risk Factors

Low Socioeconomic 
Status

Environmental 
Exposures

Prior AKI Preeclampsia Nephrotoxins Obesity



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 factors.



Controversies Conference Report 
Conclusion 3:  

The initiation, frequency, and cessation of CKD 
screening should be individualized based on 
kidney and cardiovascular risk profiles and 
individual preferences.



https://www.wikiart.org/en/salvador-dali/the-persistence-of-memory-1931

Conclusion 3: The initiation, frequency, and cessation of CKD screening 
should be individualized based on kidney and cardiovascular risk 
profiles and individual preferences.

The timing of initiation of CKD 
screening should be based on 

comorbidities and individualized 

risk assessment, rather than at a 

specific chronologic age.

https://www.wikiart.org/en/salvador-dali/the-persistence-of-memory-1931


• The frequency of testing is 
a critical aspect of CKD 
screening programs and has 
substantial impact on costs. 

• Must be individualized and 
could range from 1 to 10 
years.

• Risk equations that 
estimate future CKD 
probabilities could be used 
to guide the timing of the 
subsequent testing.



Overdiagnosis vs the greater relative burden of CKD on the elderly





Potential harms associated with CKD overdiagnosis in older 
adults can be mitigated using available diagnostic and risk tools.



Older adults should not be excluded from CKD screening programs



Controversies Conference Report 
Conclusion 4:  

CKD screening and risk stratification must 
consist of a dual assessment of estimated 
glomerular filtration rate (eGFR) and 
albuminuria (UACR).



Conclusion 4: CKD screening and risk stratification must consist of a 
dual assessment of estimated glomerular filtration rate (eGFR) and 
albuminuria (UACR).



Measurements for Early CKD

The ideal initial screening and diagnosis approach would consist of 

the triple marker panel:

❑ Serum creatinine

❑ Serum cystatin C, and

❑ Urine albumin-to-creatinine ratio (UACR)





In this population of incident CKD Stage G3 
patients, quantification rates of urinary 
protein excretion doubled over the study 
period, but remained low in absolute terms; 
less than half of the incident CKD 
population in 2010–12 underwent urinary 
protein quantification.

Perkins et al. CKJ 2016; 9: 432-437

In a US study of more than one million 
patients with eGFR < 60 ml/min/1.73 m2, 
only 19% of the participants had the 
necessary ACR testing to calculate the 4-
variable KFRE.

Low rates of albuminuria testing in CKD

Further examples:

Cleveland Clinic: 36% of patients with CKD had no 
proteinuria assessed

UK Cohort: 17% reported ACR testing within the 
first year of registration of CKD

Naranjo FS., et al. Kidney360 in press



How attuned are PCPs to isolated albuminuria abnormalities?



• Albuminuria testing in persons with 
diabetes

• 41.8% of Medicare 
• 49% of Optum Clinformatics™

• Albuminuria testing – HTN alone
• 6.6% of Medicare 
• 7.1% of Optum Clinformatics™

2018 USRDS Annual Data Report. NIDDK, 2018 

Poor Adherence to CKD Screening Guidelines in Patients with CKD Risk 
Factors (e.g., diabetes, hypertension)

Capacities of primary health care services for CKD (by income groups): 
Qualitative urinalysis using test strips for albumin or protein or both was 
available in 41% of low-income countries, 58% of high-income countries in 
primary care. Only one-third of low-income countries were able to measure 
serum creatinine in primary care, and none was able to access eGFR.

Htay H et al. KI Suppl .8: 64-73, 2018



Bansal S. et al. Kidney360. 2020; 1:904-915

Poor Adherence to CKD Screening Guidelines in Patients with CKD Risk 
Factors (e.g., diabetes, hypertension)

Screening and Recognition of CKD in VA Health Care System Primary Care Clinics

Percentage of patients with diabetes (DM),
hypertension (HTN), or both who had screening tests 
in the chart

Within each criterion of CKD, green box 
represents the percentage of patients who
were recognized to have CKD
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Conclusion 5:  

Accurate GFR estimation includes both 
creatinine and cystatin C measurement for 
initial diagnosis and staging.



Conclusion 5: Accurate GFR estimation includes both creatinine and 
cystatin C measurement for initial diagnosis and staging.

Creatinine Cystatin C





Shlipak MG. et al. N Engl J Med, 2013.

88
59

Comparisons of eGFR Using Creatinine, Cystatin C, or both with 
All-Cause Mortality

N= 90,750
12,351 deaths

83

The use of cystatin C alone or in 
combination with creatinine 
strengthens the association 
between the eGFR and the risks of 
death and end-stage renal disease 
across diverse populations



http://www.nephjc.com/news/cystatinc

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.

Cystatin C

http://www.nephjc.com/news/cystatinc


Controversies Conference Report 
Conclusion 6:  

The combination of Creatinine, Cystatin C, and 
UACR for CKD screening is affordable in high 
income settings.



Conclusion 6: The combination of Creatinine, Cystatin C, and UACR 
for CKD screening is affordable in high income settings.

Tummalapalli SL, et al. Am J Nephrol. 2020; 51:959-965



SCREEN

RISK STRATIFY





Interventions for CKD





Controversies Conference Report 
Conclusion 7:  

A key rationale for CKD screening is the 
availability of many effective interventions to 
delay CKD progression and  reduce 
cardiovascular risk.



Conclusion 7: A key rationale for CKD screening is the availability of 
many effective interventions to delay CKD progression and  reduce 
cardiovascular risk.



Lifestyle Improvements May Help Reduce Progression at All Stages of CKD 



ACEi/ARB Reduce the Risk of CKD Progression and Kidney Failure

Brenner BM et al. N Engl J Med. 2001; Xie X et al. AJKD. 2016.  

ACEi/ARB and Kidney Failure Odds Ratio (95% 
CI)



Benefits of Intensive BP Lowering in CKD 



Mortality Benefits of Intensive BP Lowering in CKD 

SPRINT

Cheung AK et al. JASN. 28: 2812–2823, 2017

Malhotra R., et al. JAMA Intern Med. 177: 1498-1505, 2017

Malhotra et al. systematic 
review and meta-analysis



Statins Lower CVD Risk in Persons with CKD G3 or G4



Glucose Control Lowers Risk of CKD Progression in Type 2 Diabetes



Ferrannini, E. Cell Metab. 2017;26:27-38.

BLOODURINE PROXIMAL TUBULE

Glucose
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SGLT2 Inhibitors: the New Cardiorenal Miracle Drugs



Effects of SGLT2 Inhibitors on Major Kidney Outcomes*

Neuen BL et al. Lancet Diabetes Endocrinol. 7: 845-854, 2019

*based on CANVAS, DECLARE-TIMI 58, EMPA-REG, and CREDENCE 



Effects of SGLT2 Inhibitors on Early CKD*

Effect of SGLT2 inhibitors on substantial loss of kidney function, kidney 
failure, or death due to kidney disease as stratified by baseline GFR

Neuen BL et al. Lancet Diabetes Endocrinol. 7: 845-854, 2019

*based on CANVAS, DECLARE-TIMI 58, EMPA-REG, and CREDENCE 

G1

G2

G3a



Effects of SGLT2 Inhibitors on Early CKD*

Effect of SGLT2 inhibitors on substantial loss of kidney function, kidney 
failure, or death due to kidney disease as stratified by baseline albuminuria

Neuen BL et al. Lancet Diabetes Endocrinol. 7: 845-854, 2019

*based on CANVAS, DECLARE-TIMI 58, EMPA-REG, and CREDENCE 

A1

A2



SGLT2 Inhibitors: Evidence Summary of Cardiovascular and Kidney 
Benefits

Kang A & Jardine M. Nat Rev Nephrol. 17: 83-84, 2021



SGLT2 Inhibitors: Primary Kidney Outcome Trials

CREDENCE: Perkovic et al. N Engl J Med 2019, 380: 2295-2306
DAPA-CKD: Heerspink et al. N Engl J Med. 2020; 383: 1436-1446
EMPA-KIDNEY: Ongoing; Herrington WG, et al. Clin Kidney J. 2018; 11:749-761. 

Albuminuria stages, description and range

A1 A2 A3

Normal to mildly 
increased

Moderately 
increased

Severely 
increased

<30 mg/g 30 – 300 mg/g >300 mg/g

GFR 
categ
ory

G1 ≥90

G2 60 – 89

G3a 45 – 59

G3b 30 – 44

G4 15 – 29

G5 <15

CREDENCE (DKD)
eGFR ≥30 to <90 mL/min/1.73 m2

and UACR ≥300 mg/g  

DAPA-CKD (CKD)
eGFR ≥25 to <75 mL/min/1.73 m2

and UACR ≥200 mg/g  

EMPA-KIDNEY (CKD)
eGFR ≥45 to <75 mL/min/1.73 m2

and UACR ≥200 mg/g  
OR
eGFR ≥20 to <45 mL/min/1.73 m2

The cardiovascular outcome trials are indicated in the circles and positioned based on their mean eGFR and median UACR

Courtesy of Dr. Peter Rossing









GLP-1 RA Recommended for Persons with Diabetes and eGFR 
<30 ml/min/1.73 m2



Effects of GLP-1RA on All-Cause Mortality and CV Outcomes*

Kristensen SL et al. Lancet Diabetes Endocrinol. 7: 776-785, 2019*based on ELIXA, EXSCEL, HARMONY, LEADER, PIONEER 6, REWIND, SUSTAIN-6



Effects of GLP-1RA on Kidney Outcomes and Heart Failure*

Kristensen SL et al. Lancet Diabetes Endocrinol. 7: 776-785, 2019*based on ELIXA, EXSCEL, HARMONY, LEADER, PIONEER 6, REWIND, SUSTAIN-6



For more information on pharmacotherapies for patients with 
diabetes and CKD, please refer to the KDIGO Speaker’s Guide noted 
below:

KDIGO Diabetes in CKD Guideline 
Website: 
https://kdigo.org/guidelines/diabetes-
ckd/

KDIGO Diabetes in CKD Speaker’s 
Guide Direct Download:
https://kdigo.org/wp-
content/uploads/2018/03/KDIGO-
Diabetes-2020-Guideline-Speakers-
Guide_Final.pptx

https://kdigo.org/guidelines/diabetes-ckd/
https://kdigo.org/wp-content/uploads/2018/03/KDIGO-Diabetes-2020-Guideline-Speakers-Guide_Final.pptx


Management of Metabolic Acidosis



Controversies Conference Report 
Conclusion 8:  

Accurate diagnosis and staging of CKD are 
necessary to utilize treatments effectively.



Conclusion 8: Accurate diagnosis and staging of CKD are necessary 
to utilize treatments effectively.



Drug Factors associated with increased risk of nephrotoxicity



SCREEN

RISK STRATIFY



Treatment



Controversies Conference Report 
Conclusion 9:  

Patient engagement is a critical component of 
efforts to screen for and treat CKD.



Patient and family education and engagement

Conclusion 9: Patient engagement is a critical component of efforts 
to screen for and treat CKD

Potential benefits:
• Improved patient activation

• Improved access to 
healthcare

• Improved access and  
adherence  to medications

• Timely nephrology referral, 
dietician referral, and 
diabetes education



Measures for Defining Success in CKD Screening, Risk Stratification 
and Treatment Programs



Lopez-Vargas PA, et al. Am J Kidney Dis. 2016; 68: 353-370 



Narva AS, et al. Clin J Am Soc Nephrol. 2016; 11:694-703

Samples of Successful CKD Education Efforts



Role of Information Technology in CKD Care



https://www.niddk.nih.gov/

https://www.niddk.nih.gov/


Types of Telehealth Applications to Enhance CKD Knowledge and 
Awareness

Tuot DS, Boulware LE. Adv Chronic Kidney Dis. 2017; 24:39-45.



Health System and Economic Factors



Controversies Conference Report 
Conclusion 10:  

CKD screening and treatment efforts require 
multi-stakeholder implementation strategies to 
overcome barriers to high quality CKD care.



Conclusion 10: CKD screening and treatment efforts require multi-
stakeholder implementation strategies to overcome barriers to high quality 
CKD care.



PATIENT RELATED BARRIERS

• Low patient knowledge of CKD and 
its associated risks, and social risk 
factors, such as limited financial 
resources and low health literacy

Key Strategies for CKD Screening Program Development and Success

HEALTH SYSTEM RELATED BARRIERS

• Perceived lack of urgency for detecting 
early CKD among primary care clinicians

• Lack of knowledge of CKD guidelines
• Lack of incentives for CKD interventions
• Lack of CKD-specific clinical quality 

measures
• Suboptimal communication between 

specialties



Health System-Level Approaches for Improving Early CKD 
Identification and Management



Health System-Level Approaches for Improving Early CKD 
Identification and Management



Measures for Defining Success in CKD Screening, Risk Stratification 
and Treatment Programs



Controversies Conference Report 
Conclusion 11:  

Financial and nonfinancial incentives need to 
be aligned toward CKD screening, risk 
stratification, and treatment.



Conclusion 11: Financial and non-financial incentives need to be aligned 
toward CKD screening, risk stratification and treatment.

Infographic courtesy of  Dr. Tejas Desai 

Advancing American Kidney Health Executive Order



Controversies Conference Report 
Conclusion 12:  

CKD screening in high-risk groups is likely to be 
cost-effective.



Conclusion 12: CKD screening in high-risk groups is likely to be cost-
effective.

This Australian study demonstrated that even a modest 10% reduction in CKD incidence 
translated into the prevention of 1503 cases of CKD G3, 117 cases of CKD G4-G5, and six new 
cases of kidney failure per year and would result in a gain of 7590 productivity-adjusted life 
years (PALYs), with an associated cost savings of US$1.1 billion.

Savira et al. JASN 2021; doi: https://doi.org/10.1681/ASN.2020081148



Conclusion 12: CKD screening in high-risk groups is likely to be cost-
effective.

Using CKD risk scores may also allow clinicians to cost-effectively identify a broader population 
for CKD screening with testing for albuminuria and potentially detect people with CKD at earlier 
stages of the disease than current approaches of screening only persons with diabetes or 
hypertension.

Yarnoff et al. BMC Nephrology 2017; 18:85



Future research direction: we need new cost effectiveness analyses to overcome limitations of prior 

studies. 

• Predominant focus on proteinuria

• Minimal inclusion of cardiovascular outcomes: the key complication of CKD that drive 

hospitalizations and mortality

• Assumption of annual screening: costly and probably unnecessary

• Models did not incorporate patient perspectives and patient-reported outcomes

• Few cost-effectiveness studies included low and middle income countries (LMICs)

Conclusion 12: CKD screening in high-risk groups is likely to be cost-
effective.



Controversies Conference Report 
Conclusion 13:  

CKD screening approaches may differ in LMIC 
countries.



http://chartsbin.com/view/2438

Conclusion 13: CKD screening approaches may differ in LMIC countries

http://chartsbin.com/view/2438


🗹 CKD is highly prevalent, costly, and its worldwide disease burden is increasing.

🗹 There are low-cost and accurate tests for CKD. Serum creatinine and cystatin C are accurate 
tests to estimate GFR. UACR is a sensitive measurement of kidney damage but urine dipstick 
proteinuria could be considered in low-resource settings.

🗹 CKD is asymptomatic until late stages. The asymptomatic stage contributes to low awareness of 
CKD in patients with the diagnosis. Therefore, a screening program could shift recognition of 
CKD into much earlier stages relative to current practice.

🗹 Individuals with CKD often express a preference for early communication about a CKD diagnosis.

🗹 Treatments for recognized CKD can be initiated during early stages, are accepted, and are highly 
effective.

🗹 CKD screening in high-risk groups is likely to be cost-effective. 

In Brief, Why Screen?



Responses to Common Criticisms of CKD Early Detection and 
Treatment Proposals

Criticism KDIGO Controversies Conference Conclusion

CKD testing is too 
expensive.

· The three measures recommended for CKD detection and risk stratification (creatinine, cystatin C, 
UACR) are all feasible on auto-analyzers, and can be measured together for less than $20 USD. 
Models that exclude cystatin C are acceptable for low-resource settings

· Higher volume testing would further lower the costs per individual
· The costs of a monitoring program are largely driven by the frequency of testing; the intervals for 

CKD monitoring could be tailored to the individual’s prior testing and risk factor profile

All patients get a 
serum creatinine 
test anyway.

· Many persons with CKD are not actively engaged in medical care and may not have had a GFR 
assessment at appropriate frequency

· Persons with abnormal albuminuria but preserved GFR represent a substantial proportion of the 
CKD population, and they are woefully under-detected in current clinical care

All CKD patients 
already have 
diabetes or 
hypertension, and 
diagnosing CKD 
would not change 
management.

· A significant proportion of patients, especially in LMIC have CKD in absence of prior diabetes or 
hypertension and limiting screening to those with these conditions would miss a large fraction of 
CKD

· Persons with diabetes or hypertension are not effectively monitored with appropriate kidney 
measures (e.g., UACR)

· CKD diagnosis may impact choice of antihypertensive agent, medication dosing, indication for 
statin therapy, SGLT2 inhibitor therapy, avoidance of nephrotoxins, and prognostication



Responses to Common Criticisms of CKD Early Detection and 
Treatment Proposals

Criticism KDIGO Controversies Conference Conclusion
Older adults do not 
have “real” CKD.

· Older adults have the highest prevalence of CKD across all GFR and albuminuria 
stages, and CKD impacts physical and cognitive function, medication safety, and 
prognosis for older adults 

· As with all screening programs, testing must be consistent with that person’s goals of 
care and life expectancy, but this would not justify excluding older adults from CKD 
detection and monitoring

There are no effective 
treatments for CKD, 
even if it is detected.

· Several available treatments can reduce CKD progression and the risk of cardiovascular 
disease for persons with CKD, including ACEi/ARBs, statins, BP and diabetes 
management, and SGLT2 inhibitors

· Earlier initiation of preventive therapies may slow progression across stages and 
ultimately reduce both the incidence and prevalence of kidney failure and risk of future 
development of cardiovascular disease.  Benefits have been observed for some 
therapies in reducing all-cause mortality and risk for heart failure.



Responses to Common Criticisms of CKD Early Detection and 
Treatment Proposals

Criticism KDIGO Controversies Conference Conclusion
Notifying patients of 
CKD would cause more 
harm and anxiety than 
any benefit

· With proper communication about CKD staging and education regarding lifestyle and 
treatment options, patients with newly detected CKD can make positive choices that will 
reduce their risk of progression 

· Patient representatives have expressed their desire for early detection strategies and for 
prognostic information, while lamenting that their own CKD diagnosis occurred too late  

The requirement for 
confirmatory testing at 
90-days to diagnose 
CKD is a barrier to 
effective treatment

· The 90-day period might be useful to distinguish the chronicity of kidney disease, but it 
is not essential to establish that kidney disease is present

· Persons with high-risk CKD should be treated expeditiously without waiting for 
confirmatory testing



• 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, the focus 
should be on strategies to maximize deployment of CKD screening, risk 
stratification, and treatment efforts. 

Conclusions



Key conclusions from KDIGO Controversies Conference on        
Early Identification and Intervention



• 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, large-scale randomized controlled trials should be conducted to 
evaluate the effects of CKD screening, risk stratification, and treatment programs 
compared with usual care on clinical endpoints. 

Future Research
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