
 

Interlibrary Loans and Journal Article Requests 
 

Notice Warning Concerning Copyright Restrictions: 

The copyright law of the United States (Title 17, United States Code) governs the making of 
photocopies or other reproductions of copyrighted materials.   

Under certain conditions specified in the law, libraries and archives are authorized to furnish a 
photocopy or other reproduction.  One specified condition is that the photocopy or reproduction is not 
to be “used for any purpose other than private study, scholarship, or research.”  If a user makes a 
request for, or later uses, a photocopy or reproduction for purposes in excess of “fair use,” that user 
may be liable for copyright infringement. 

Upon receipt of this reproduction of the publication you have requested, you understand that the 
publication may be protected by copyright law. You also understand that you are expected to comply 
with copyright law and to limit your use to one for private study, scholarship, or research and not to 
systematically reproduce or in any way make available multiple copies of the publication. 

The Stephen B. Thacker CDC Library reserves the right to refuse to accept a copying order if, in its 
judgment, fulfillment of the order would involve violation of copyright law.  

Terms and Conditions for items sent by e-mail: 

The contents of the attached document may be protected by copyright law. The CDC copyright policy 
outlines the responsibilities and guidance related to the reproduction of copyrighted materials at CDC.  
If the document is protected by copyright law, the following restrictions apply: 

• You may print only one paper copy, from which you may not make further copies, except as 
maybe allowed by law. 

• You may not make further electronic copies or convert the file into any other format. 
• You may not cut and paste or otherwise alter the text. 

 

http://masoapplications.cdc.gov/Policy/Doc/policy29.pdf


FUNDING

None.

REFERENCES

1. Osler W: Address to the students of Albany Medical College. Albany
Medical Annals 20: 307–309, 1899

2. Office of the National Coordinator for Health Information Technol-
ogy: Non-federal Acute Care Hospital Electronic Health Record
Adoption. Available at: dashboard.healthit.gov/quickstats/pages/
FIG-Hospital-EHR-Adoption.php. 2017

3. Banks MA: Sizing up big data. Nat Med 26: 5–6, 2020
4. McGinnis JM, Fineberg HV, Dzau VJ: Advancing the learning health

system. N Engl J Med 385: 1–5, 2021
5. Go AS, Tan TC, Chertow GM, Ordonez JD, Fan D, Law D, et al.:

Primary nephrotic syndrome and risks of end-stage kidney
disease, cardiovascular events and death: The Kaiser Perma-
mente Nephrotic Syndrome Study. J Am Soc Nephrol 32: 2303–
2314, 2021

6. Sun AZ, Shu YH, Harrison TN, Hever A, Jacobsen SJ, O’Shaugh-
nessy MM, et al.: Identifying patients with rare disease using
electronic health record data: The Kaiser Permanente Southern
California Membranous Nephropathy Cohort. Perm J 24:19.126,
2020

7. Nazareth TA, Kariburyo F, Kirkemo A, Xie L, Pavlova-Wolf A, Bartels-
Peculis L, et al.: Patients with idiopathic membranous nephropathy: A
real-world clinical and economic analysis of U.S. claims data. J
Manag Care Spec Pharm 25: 1011–1020, 2019

8. Denburg MR, Razzaghi H, Bailey LC, Soranno DE, Pollack AH,
Dharnidharka VR, et al.: Using electronic health record data to rapidly
identify children with glomerular disease for clinical research. J Am
Soc Nephrol 30: 2427–2435, 2019

9. O’Shaughnessy MM, Troost JP, Bomback AS, Hladunewich MA,
Ashoor IF, Gibson KL, et al.: Treatment patterns among adults and
children with membranous nephropathy in the Cure Glomerulo-
nephropathy Network (CureGN). Kidney Int Rep 4: 1725–1734, 2019

10. Gordon N, Lin T: The Kaiser Permanente Northern California adult
member health survey. Perm J 20: 15–225, 2016

11. Schoen C, Hayes SL, Radely DC, Collins SR: Access to primary and
preventive health care across states prior to the coverage expansions
of the Affordable Care Act. Issue Brief (Commonw Fund) 17: 1–14,
2014

12. Glenn DA, Henderson CD, O’Shaughnessy M, Hu Y, Bomback A,
Gibson K, et al.; CureGN Consortium: Infection-related acute care
events among patients with glomerular disease. Clin J Am Soc
Nephrol 15: 1749–1761, 2020

13. GarcelonN, Burgun A, Salomon R, Neuraz A: Electronic health records
for the diagnosis of rare diseases. Kidney Int 97: 676–686, 2020

See related original article, “Primary nephrotic syndrome and risks of ESKD,
cardiovascular events, and death: The Kaiser Permanente Nephrotic Syndrome
Study,” on pages 2303–2314.

Predictors of Kidney Disease
Progression in Diabetes and
Precision Medicine: Something
Old, Something New, and
Something Borrowed
George Vasquez-Rios and Steven G. Coca
Division of Nephrology, Icahn School of Medicine at Mount Sinai, New
York, New York

JASN 32: 2108–2111, 2021.
doi: https://doi.org/10.1681/ASN.2021070945

Diabetesmellitus is the leading cause of ESKDworldwide. The
last few years have seen an explosion of evidence for the
efficacy of sodium-glucose transporter type 2 inhibitors
(SGLT2i), glucagon-like peptide-1 receptor agonists, and
mineralocorticoid receptor antagonists to slow progression of
diabetic kidney disease (DKD). However, timely guideline-
based treatment of DKD at treatable stages before irreversible
fibrosis is rampant is woefully inadequate. In fact, a recent
study demonstrated that ,10% of patients with diabetes and
CKD are treated with SGLT2i, despite the plethora of data that
show their renal and cardiovascular protection in this
population.1 Can better ascertainment of various pathophys-
iologic processes in DKD—a complex syndrome with varying
degrees of cellular stress, metabolic imbalance, and tubuloin-
terstitial fibrosis—ultimately enable better identification of
patients that will experience progression ofDKDand allow for
more efficient and effective clinical care?

Traditional clinical models for DKD progression have
included clinical predictors such as age, HbA1c, systolic blood
pressure, urine albumin-creatinine ratio, and eGFR (baseline
and slope), obtaining modest performance.2 In 2010, the
National Institutes of Health (NIH)/National Institute of
Diabetes and Digestive and Kidney Diseases sponsored the
CKD Biomarker consortium with the aim of identifying
biomarkers in prognosticationmodels that couldbetter serve to
risk-stratify kidney disease progression. During the first phase
of the CKD Biomarker consortium (2010–2015), biomarkers
that reflected kidney tubule injury were largely assessed in
several large cohorts, and revealed that, although there were
unadjusted associations with progression by levels of urinary
injury marker, those associations were lost after adjusting for
baseline covariates, such as eGFRandurine albumin-creatinine
ratio.3 During phase 2 (2015–2020), the portfolio of biomarkers
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was expanded to include several plasma and urinary bio-
markers reflective of inflammation and fibrosis, in addition to
solely tubular injury. The proposals for biomarker measure-
ments built upon, among others, the seminal work of the Joslin
Kidney Study group that first demonstrated the marked
strength of TNF receptors (TNFR) to prognosticate future
progression of kidney disease in both type 1 and type 2 diabetes
mellitus.4,5 In addition, TNFR have consistently been found to
be prognostic in other cohorts,6,7 including the follow-upwork
by the Joslin Kidney Study Group that found that out of 194
circulating inflammatory proteins in subjects with diabetes, 17
novel proteins were highly enriched for TNFR superfamily
members, which associated with a 10-year risk of ESKD.8

Similarly, other biomarkers such as plasma kidney injury
molecule-1, soluble urokinase plasma activator receptor,
monocyte chemoattractant protein-1, and chitinase-3 like-
protein-1 have been shown to be independently associatedwith
risk of progression of DKD.7

In this issue of JASN, Satake and colleagues9 elegantly
describe an unbiased global miRNA analysis that uncovered 17
novel circulating miRNAs that were strongly associated with
future ESKD in both type 1 and type 2 diabetes. Using
bioinformatics approaches, the investigators found that 23
pathways were enriched by four exemplar miRNAs, of which
the axon guidance pathway (AGP) was the top candidate
pathway. To validate these results, the investigators used the
SOMAscan aptamer-based platform to measure 42 AGP
proteins. Six of the 42 aptamers (five ephrin ligands/receptors
and one netrin receptor) were strongly associated with the
severity of early structural kidney biopsy lesions and with
the risk of ESKDduring the 10-year follow-up. Importantly, the
authors found a discrepancy between kidney tissue levels of
genes transcripts encoding these AGP proteins and early
structural DKD lesions, suggesting that circulating miRNAs
(presumably from an extrarenal source) regulated the expres-
sion of AGP proteins. Interestingly, AGP proteins have been
previously described to participate in rearranging the local
cytoskeleton and plasmamembrane in growth cones and axons
in the Alzheimer’s disease literature. However, an increasing
body of evidence shows that AGP proteins are also involved in
gene expression control via local translation and transcrip-
tion.10 Notably, ephrin receptors and ephrin ligands have
several functions outside of the central nervous system,
including the development and repair of vascularized tissues,
kidney angiogenesis, and blood vessel maturation, which could
arguably take part in the pathophysiology of DKD.

These new findings on AGP proteins expand the realm of
the biomarker landscape in DKD beyond the well-established
importance of inflammatory and kidney injury biomarkers. In
fact, AGP may represent the fourth important pathophysio-
logic domain that biomarkers can ascertain in a prognostic
manner for DKD. The third pathway, more closely related to
inflammation and injury, is fibrosis. In this regard, the Joslin
investigators recently examined circulating WAP four-
disulfide core domain protein 2 and matrix metalloproteinase

7—surrogate markers for renal fibrosis—and their indepen-
dent association with DKD among patients with normal
eGFR, with or without albuminuria.11 In that analysis, the risk
of fast early renal function decline during the next 6–12 years
was greater among those within the highest quartiles of WAP
four-disulfide core domain protein 2 and matrix metal-
loproteinase 7 concentrations. The fibrosis markers were
independently associated with fast kidney function decline, as
were the markers of kidney tubular injury such as plasma
kidney injury molecule-1 and urinary EGF/ monocyte
chemoattractant protein-1.

What are the next steps for using these AGP proteins as
biomarkers in DKD? First, the associations of these AGP
biomarkers need to be tested in cohorts outside of the Joslin
patient population to replicate and externally validate the
findings. Second, a parsimonious group of biomarkers
providing potentially orthogonal signals representative of
different pathophysiologic domains described above—
inflammation, kidney tubular injury/health, fibrosis, and the
heretofore unrecognized AGP—needs to be consolidated to
forecast kidney disease progression (Figure 1). Finally, the
fitness for purpose of this integrative approach needs to be
tested prospectively in the real world and through clinical
trials. In this manner, the final parsimonious set of markers
could be used to risk stratify patients in clinical practice and
assist with clinical decisions including prompt guideline-
based medication initiation and referrals to specialists.
Moreover, the final panel of markers could be used to enrich
clinical trials of new agents for DKD to reduce sample size or
the length of follow-up needed to have sufficient statistical
power. In addition, the array of markers could be used to
assess response to novel clinical treatments. Finally, although
much work is still needed to prove this approach, multi-
dimensional markers could be used to subphenotype patients
with DKD and guide more precise treatment. For example,
patients with high inflammatory markers could need addi-
tional anti-inflammatory treatment with mineralocorticoid
receptor antagonists, whereas those with high injury markers
may benefit the most from treatments such as SGLT2i or
glucagon-like peptide-1 receptor agonists. We are reaching
the cusp for “precision medicine” in DKD, and integration of
known disease pathways with these new “nontraditional”
markers, such as the novel AGP proteins, could be the final
lynchpin for true prognostication and individualization of
treatments in this field.
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Figure 1. Schematic review of different dimensions of kidney disease and health on the basis of biomarker profiles in DKD progression
integrated into a unified multidimensional predictive model which ascertains patients at low risk, intermediate risk, and high risk. suPAR,
soluble urokinase plasma activator receptor; KIM-1, kidney injury molecule-1; MCP-1, monocyte chemoattractant protein-1; MMP-7,
matrix metallopeptidase 7; WFDC2, WAP four-disulfide core domain protein; UACR, urine albumin-creatinine ratio; AGP, axon guidance
proteins; EFNA4, Ephrin ligand 4; EPHA2, Ephrin receptor 2.
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