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Gertrude
70 year old White female with PMHx HTN and COPD, presenting for COPD flare. She weighs 41 kg.

Are you concerned ? 

What test(s) do you order ? 

Would you place referral to nephrology ? Why ?



Edgar
65 year old African American male, personal trainer, weighs 95 kg. He presents with shoulder injury after lifting 

heavy weights 

UA shows SG 1.015, pH 6.5, no prot, no glucose, no leukocyte est, no nitrite, no ketone, 0-2 WBC, 0-2 RBC

UACR is 0.006 mg/g

Are you concerned ? 

What test(s) do you order ? 

Would you place referral to nephrology ? Why ?



Background
Kidney function is assessed by calculating an estimated 
Glomerular Filtration Rate eGFR, usually based on serum 
creatinine (ratio of creat production to serum level)

Creatinine is a product of muscle metabolism and its serum 
concentration may be influenced by age, gender, ethnicity, 
muscle mass, malnutrition, diet, physical activity,...

Creatinine is used as a marker of kidney function as it is freely 
filtered, it is not (or minimally) reabsorbed, and it is secreted by 
the tubules

Singh et al. NDT 2007; Shlipak et al. AJKD 2013



Background
Cystatin C is an alternative marker of kidney function, and better predictor of ESRD, death risk 
from all causes, cardiovascular events and heart failure

Cystatin C is secreted by all the nucleated cells in the body, not only by muscle.

It is metabolized by the kidneys, so not present in the urine.

Rule et al. JASN 2011; Stevens et al. KI 2009



Glassock et al. Nat Rev Nephrol, 2017



Inker et al. NEJM 2012



Inker et al. NEJM 2012
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Low serum Creat

Because low muscle mass

Artificially high eGFR by Creat

Normal-low kidney fx by CysC

High serum creat

Because high muscle mass

Artificially low eGFR by creat

But normal-high eGFR by CsyC
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Is the difference in eGFR by CystatinC vs. by Creatinine (eGFRDiff) associated with frailty ?



To answer this question, we looked at 3 
cohorts



Cardiovascular Health Study
CHS population:

◦ Adults ≥ 65 years old
◦ Community dwellers, independent for ADLs
◦ Able to provide consent, no proxy

Exclusion criteria: 
◦ wheelchair-bound at baseline 
◦ hospice treatment 
◦ radiation therapy or chemotherapy for cancer 

Predictor: eGFRDiff = eGFRCys – eGFRCr using values at baseline, CKD-EPI equations.

=> “Higher is better”



Cardiovascular Health Study
Primary outcome: Fried frailty score at baseline

◦ Unintentional weight loss,
◦ Weakness (grip strength), 
◦ Fatigue (questionnaire), 
◦ Physical activity (days walked in prior 2 weeks), 
◦ Slowness (Gait speed)
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◦ Weakness (grip strength), 
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◦ Physical activity (days walked in prior 2 weeks), 
◦ Slowness (Gait speed)

0 => not frail
1 or 2 => pre-frail
≥ 3  => frail



Cardiovascular Health Study
Primary outcome: Fried frailty score at baseline

◦ Unintentional weight loss,
◦ Weakness (grip strength), 
◦ Fatigue (questionnaire), 
◦ Physical activity (days walked in prior 2 weeks), 
◦ Slowness (Gait speed)

Incident frailty evaluated at year 5 (among those without frailty at baseline). All-cause mortality 
examined as competing risk.

0 => not frail
1 or 2 => pre-frail
≥ 3  => frail













SPRINT
“A Randomized Trial of Intensive versus Standard Blood-Pressure Control”

SPRINT population:
◦ Adults ≥ 50 years old
◦ SBP ≥130 mm Hg 
◦ at least 1 additional CVD risk factor (including: clinical cardiovascular event other than a stroke, chronic 

kidney disease defined by eGFR of 20 to 59 mL/min/1.73m2, Framingham risk score ≥15%) 

Exclusion criteria: history of diabetes, polycystic kidney disease, stroke. 

Randomized to intensive BP control (SBP <120 mmHg) vs standard (SBP < 140 mmHg)



SPRINT

Intensive BP control led to lower rates of cardiovascular events, heart failure and mortality, 
including among people with chronic kidney disease.

Similar findings in sub-population of ≥75 years old. 

When stratified by baseline frailty status, higher event rates noted with increasing frailty in both 
groups



SPRINT

Exposure:    eGFRDiff = eGFRCys – eGFRCr at baseline



Frailty Index (35 items) in SPRINT
◦ Questionnaires: self-rated general health, does your health limit you in certain activities, pain, 

depression, energy, sleep, self-care, smoking…
◦ PMHx: heart attack, cancer, heart failure, angina, afib
◦ Labs: cholesterol, Na, K, Glucose, BUN
◦ BMI
◦ SBP and DBP, orthostatic hypotension
◦ MoCA, logical memory delayed recall, digit symbol test
◦ Gait speed (only in ≥ 75 yo)

=> Score between 0 and 1 with higher scores meaning more frail

Frailty defined as Score > 0.21



SPRINT







SPRINT, CHS





Health, Aging and Body Composition study

Well-functioning older adults aged 70 to 79 years
Independent for ADLs, 
No difficulty walking or climbing stairs

Limited to those with measures of cystatin C, 
serum creatinine, CT imaging at baseline (n=2970)



Health Aging, Body Composition study

Frailty: HABC Physical Performance Battery (HABCPPB continuous 0-4)
◦ usual walk
◦ narrow walk 
◦ chair stand
◦ standing balance

Higher score = better performance













Take home points from HABC study
• Confirms previous findings that eGFRDiff is clinically relevant and strongly associated 
with poor functional performance in well-functioning community-living older adults.

•Lower eGFRDiff is also strongly associated with lower muscle quantity and muscle 
strength. 

•Despite eGFRDiff being associated with lower muscle area, low muscle mass did not 
meaningfully attenuate the relationship of eGFRDiff with functional status.



Going back to our clinical cases…
70 year old White female with PMHx HTN and COPD, presenting for COPD flare. She weighs 41 kg.

Are you concerned ? 

What test(s) do you order ? 

Would you place referral to nephrology ? Why ?



Gertrude
70 year old White female with PMHx HTN and COPD, presenting for COPD flare. She weighs 41 kg.

Are you concerned ? Yes eGFR-Cr = 106 mL/min 

What test(s) do you order ? 

Would you place referral to nephrology ? Why ?



Gertrude
70 year old White female with PMHx HTN and COPD, presenting for COPD flare. She weighs 41 kg.

Are you concerned ? Yes eGFR-Cr = 106 mL/min 

What test(s) do you order ? Cystatin C

Would you place referral to nephrology ? Why ?



Gertrude
70 year old White female with PMHx HTN and COPD, presenting for COPD flare. She weighs 41 kg.

Are you concerned ? Yes eGFR-Cr = 106 mL/min 

What test(s) do you order ? Cystatin C
Would you place referral to nephrology ? Why ?possibly, if the cystatin C shows low GFR

CysC is 1.5 mg/dL => eGFR is 41 mL/min
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Edgar
65 year old African American male, personal trainer, weighs 95 kg. He presents with shoulder injury after lifting heavy 

weights 

UA shows SG 1.015, pH 6.5, no prot, no glucose, no leukocyte est, no nitrite, no ketone, 0-2 WBC, 0-2 RBC
UACR is 0.006 mg/g

Are you concerned ? Maybe ? eGFR-Cr = 49 mL/min

What test(s) do you order ? Cystatin C !

Would you place referral to nephrology ? Why ?depends on cysC results. Cystatin C it is 0.95 mg/dL

=> eGFR-Cys is 82 mL/min



Conclusions
 There is important clinical information embedded in the difference in 
eGFR by cystatin C and by creatinine

A negative eGFRDiff (eGFRCr > eGFRCys) is associated with frailty and 
bad outcomes

These associations are only partially explained by muscle 
quantity/quality

Check cystatin C to confirm creatinine-based GFR in older adults



Thank you
SPRINT 

• Michael G. Shlipak

• Ronit Katz

• Amret T. Hawfield

• Michael V. Rocco

• Walter T.  Ambrosius

• Monique E. Cho

• Nicholas M. Pajewski

• Anjay Rastogi

CHS
• Michael G. Shlipak

• Ronit Katz

• Nisha Bansal

• David S. Siscovick

• Michelle C. Odden

Dena E. Rifkin
Joe H. Ix

Alison Moore

HABC
• Michael G. Shlipak

• Ronit Katz

• Nisha Bansal

• Stephen B. Kritchevsky
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