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Impact of Renal Disease on U.S. Society
Figure 1.3  Map of the adjusted* incidence rate (per million/year) 

of ESRD, by Health Service Area, in the U.S. population, 2014 

United States Renal Data System. 2016 USRDS annual data report: Epidemiology of kidney disease in the United States. 

National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2016. 

Data Source: Special analyses, USRS ESRD Database. *Adjusted for age, sex and 

race. The standard population was the U.S. population in 2011. Values for cells with 

10 or fewer patients are suppressed.  Abbreviation: ESRD, end-stage renal disease.

Data source: Medicare 5% sample. Part D data was initiated since 2006. 

Figure 6.3  Trends in total Medicare Parts A, B, and D 

fee-for-service spending for CKD patients aged 65 and 

older, by claim type, 2004-2014

Prevalence of End-Stage 

Renal Disease (ESRD)

Economic Impact of 

Kidney Disease

United States Renal Data System. 2019 USRDS annual data report: Epidemiology of kidney disease in the United States. National

Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2019. 



SRM 914 Creatinine
• Certified for purity
• Suitable for calibration

Definitive Methods 
• ID GC-MS
• First matrix CRMs 

(freeze-dried)

SRM 967 Creatinine in Serum
• Two level frozen serum
• Certification by GC-MS/LC-MS

New Directions
• Urine albumin
• Pediatric creatinine
• New certification 

techniques

SRM 3666 (Frozen 
Urine) and SRM 967b 
(Frozen Serum) 

1968 2007 2010s Future1980s

History of Kidney Disease Marker Standardization Efforts at NIST

• Development of SRM 967 was in collaboration with the National Kidney Disease Education Program (NKDEP) 

Laboratory Working Group, later combined with IFCC WG on Standardisation of Albumin Assay in Urine

• With creatinine standardization well underway (in developed countries), LWG began focus on urine albumin 

measurement and reporting



An Example Reference Measurement System

Define Measurand  
(SI unit)

Primary Reference 
Material (Calibrator)

Secondary Reference 
Material (Control)

Manufacturer’s Working 
Calibrator

Manufacturer’s Product 
Calibrator

Routine Sample

Result

Primary Reference Measurement 
Procedure

Secondary Reference 
Measurement Procedure

Manufacturer’s Selected 
Measurement Procedure

Manufacturer’s Standing 
Measurement Procedure

End-user’s Routine Measurement 
Procedure

Serum creatinine

NIST SRM 914

M
etro

lo
gical Trace

ab
ility

NIST SRM 967

ID GC-MS or LC-MS

Maintaining the reference measurement system requires maintaining both the reference 

methods and reference materials (and reference laboratories)

1H-qNMR



SRM 914 Creatinine

Then: SRM 914

Purity assessment by GC, TLC, ash

Now: SRM 914b

Purity assessment by 1H-qNMR

“Value of the purity has an estimated inaccuracy of 0.1%” “Mass fraction 99.9% ± 0.1%”



o SRM 967 Issued in 2007 depleted less than 2 years later

o SRM 967a issued in 2009, similar properties

o Transition to LC-MS for RMPs

Pool 1 Pool 2 Pool 1 Pool 2

(mmol/L) (mmol/L) (mmol/L) (mmol/L)

Set 1 69.2 345.8 Set 1 66.2 346.0

66.6 344.9 66.2 346.9

67.7 344.9 66.0 345.9

66.9 343.4 66.1 344.6

65.9 345.6

Set 2 68.1 346.8 65.9 345.7

67.2 346.7

67.5 348.4 Set 2 66.1 345.5

67.1 348.0 66.3 346.4

66.2 346.1

Set 3 66.4 343.6 65.9 346.3

66.6 346.5 66.0 346.0

66.4 346.8 65.9 346.1

66.4 346.7

Set 3 66.3 347.3

66.3 347.3

65.9 347.4

66.3 347.9

66.0 346.0

65.9 347.0

GC-MS Method LC-MS Method

Certification of SRM 967 Creatinine in Frozen Human Serum

creatinine
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 Need for kidney disease screening in pediatric population

 Pooling of normal adult sera won’t achieve desired concentration (~ 0.4 mg/dL)

 SRM 967a Level 1 is ~ 0.85 mg/dL

Next Generation SRMs

ID-LC-MS
Jaffe
Enzymatic

NIST CREATININE 3 (SIGMATRIX ULTRA + SRM 914A CREATININE)



Blended Native + Synthetic Sera
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NIST CREATININE 4 (SIGMATRIX ULTRA + SRM 909C FROZEN HUMAN SERUM)

ID-LC-MS
Jaffe
Enzymatic



Blended Native + Synthetic Sera
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NIST CREATININE 4 (SIGMATRIX ULTRA + SRM 909C FROZEN HUMAN SERUM)

ID-LC-MS
Jaffe
Enzymatic

 No ideal synthetic or blended native/synthetic serum could be identified 
 Preparation of SRM 967b will be based on native (adult) serum
 Contractors claim they can achieve ~0.4 mg/dL



Standardization of Urine Albumin

Define Measurand  
(SI unit)

Primary Reference 
Material (Calibrator)

Secondary Reference 
Material (Control)

Manufacturer’s Working 
Calibrator

Manufacturer’s Product 
Calibrator

Routine Sample

Result

Primary Reference Measurement 
Procedure

Secondary Reference 
Measurement Procedure

Manufacturer’s Selected 
Measurement Procedure

Manufacturer’s Standing 
Measurement Procedure

End-user’s Routine Measurement 
Procedure

Urine Albumin (mg/L)

NIST SRM 2925
(Labeled HSA Material)

M
etro

lo
gical Trace

ab
ility

NIST SRM 3666

NIST LC-MS/MS Method
Beasley-Green A., et al. 

J Proteome Res. 2014; 

13(9): 3930-3939



SRM 2925 Recombinant Human Serum Albumin (Primary 
Reference Calibrator for Urine Albumin) (Frozen)

Value Method Assigned Value

Certified Value (Recombinant 

HSA Concentration)

Amino Acid 

Analysis (ID-MS)

0.958 g/L (± 0.0219 g/L)

(NIMJ amino acid CRMs)

Reference Value Density 1.00016 g/mL (± 0.00001 g/mL)

Intended Use:
• Calibration of liquid chromatography-tandem mass spectrometric procedures 

for the determination of human serum albumin

• Value-assignment of NIST SRM 3666, secondary reference material

Protein Qualitative Characterization:

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLF

GDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLY

EIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFK

AWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPL

LEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYE

TTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVE

VSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDET

YVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETC

FAEEGKKLVAASQAALGL

Peptide Profile Tertiary Structure-Disulfide Profile

Biopolymers, Volume: 97, Issue: 11, Pages: 889-898, First published: 24 May 2012.



NIST Measurement Procedure for Urine Albumin

0

50

100

150

200

250

300

350

Single Donor (non-pooled) Urine

U
ri

n
e
 A

lb
u

m
in

 C
o

n
te

n
t 

(m
g

/L
)

Routine Clinical Immunoassay

NIST LC-MS/MS Method

•Multiplexed targeted LC-MS/MS approach 

•Purpose: Value-assignment of secondary reference material

MRM Retention Time (min)

SRM 2925 (intact)

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

rHSA Domain I

rHSA Domain II

rHSA Domain III

I

III
II



NIST Multiplexed Urine Albumin Method

Beasley-Green A., et al. J Proteome Res. 2014; 13(9): 3930-3939

• Isotope Dilution-Mass spectrometry (ID-MS) 

targeted approach 

• Multiplexed assay that supports quantitative 

and qualitative assessment of urine albumin 
• 11 peptides that span HSA sequence

• 2 transitions per peptide: 23 measurements

MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVK

LVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFL

QHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFT

ECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEF

AEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAE

VENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYET

TLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQ

VSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE

SLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKE

QLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

Signal Sequence

SRM 2925 

(intact)

x105

1

2

3

4

MRM Retention Time (min)

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

rHSA Domain I

rHSA Domain II

rHSA Domain III

R
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HSA 11
HSA 7

HSA 1

HSA 4 HSA 5

HSA 13

HSA 2 HSA 14

HSA 15

HSA 16
HSA 12

I

II

III

Add Labeled IS 
(Intact 15N-Labeled rHSA)

Urine Specimen 
(Calibrate, QC, Patient Sample)

Trypsin Digestion 
(enzyme-to-protein ratio of 1:30)

LC-MS/MS (MRM) Analysis 

Centrifugation of Urine 
(2000 x g for 10 min)

Quantitative/Qualitative Assessment 



Candidate SRM 3666 Albumin and Creatinine in 

Frozen Human Urine

Material Specifications:

• Recommendations from Stakeholders

• Single Donor Qualifications
•No restrictions on donor age, gender, body mass index, 

or heath status

•Donor urine screen: Nitrates, Leukocyte esterase, 

Presence of blood, Urine Albumin

• Four (4) levels of pooled single donor urine
•Pool Criterion: Endogenous Urine Albumin

Material Certified Values:

• Urine Albumin
•NIST-developed Multiplexed Urine Albumin LC-MS/MS 

Measurement Procedure

• Urine Creatinine
•NIST-developed ID-MS LC-MS/MS Method for 

Creatinine in Urine

Level
Target Endogenous Urine

Albumin Content, mg/L

1 5 mg/L - 10 mg/L

2 20 mg/L – 50 mg/L

3 60 mg/L – 180 mg/L

4 200 mg/L – 600 mg/L

Intended Use:
• Matrix-based quality assessment tool for urine albumin assay manufacturers

*Preliminary results indicate endogenous urine 

albumin content of pools are within target ranges.



Conclusions

 Seek industry and clinician input early

 Know the potential impact of standardization efforts on medical practice

 Recognize that field is evolving – biomarkers and clinical decision points 

can change

 Standardization doesn’t end with development of reference methods or 

materials
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COMPARISON OF URINE ALBUMIN 
METHODS
Collaboration with Mayo Clinic
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Difference Plot: Roche vs. NIST (10 peptides)
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Difference Plot: Roche vs. NIST (3 peptides)

• Slight statistical difference between two 

methods 

• Slight decrease in measurements via NIST 

method compared to Roche (on average)
• 10-peptide system: decrease of 6.88

• 3-peptide system: decrease of 9.03



COMPARISON OF URINE ALBUMIN 
METHODS

Study #3

Single Donor (non-pooled) Urine Specimen
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NIST Multiplexed LC-MS/MS Assay (Quantitative and Qualitative Information) n=4

Collaboration with Mayo Clinic


