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after KT? 

42 Year Old 
Frail 

68 Year Old 
Nonfrail 

Delayed Graft Function 16% 16% 

2 Week KT Length of Stay 32% 21% 

Early Hospital Readmission 64% 27% 
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Demystifying frailty 
• A measure of physiologic reserve 
• Validated, well studied way to quantify the “Foot of 

The Bed Test” 
• Borrow from our geriatrics colleagues  

– Identified frailty in community-dwelling older adults 
• “Elderly” is a very different construct for 

– Community-dwelling older adults 
– Adults of all ages with ESRD 

• What is an older adult with ESRD? 
– 43 year old elderly adult with ESRD 



Frailty at Johns Hopkins 
• Frailty was identified and validated at Johns Hopkins by 

Linda Fried in 2001 
• 8 years ago we began studying frailty in patients with 

ESRD 
– Observational studies of patients undergoing 

• Hemodialysis  
• Waitlist Patients 
• Kidney Transplantation 

• Look at longer and longer term outcomes 



Frailty prevalence: By cohort, all ages 
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DOES FRAILTY INCREASE WITH AGE? 
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Outline 

• What is frailty? 

• Studies of frailty and ESRD 

• Studies of frailty in kidney transplant (KT) 
recipients 

• How can frailty improve clinical care for 
transplant recipients? 



What is the Fried frailty phenotype? 
• Phenotype of physiologic reserve and 

resistance to stressors 
• Multi-component syndrome 

– Physical and self-reported components 

• Identified in the Cardiovascular Health Study 
(CHS)  
– Cohort of 5,317 community- 
dwelling older adults 

• 7% of the older population was frail and 7% 
developed incident frailty over the first 3 years  

• Frail older adults were 2.24-fold more likely to 
die than their nonfrail counterparts 
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Frailty 

Fried et al, J Gerontol, 2001 

Component Definition/Measurement 

1 Shrinking Unintentional weight loss > 10 lbs in the past year 

2 Weakness Determined by grip strength test, adjusted for gender and BMI 

3 Exhaustion Measured using 2 questions from the modified 10-item Center for 

Epidemiological Studies- Depression scale 

4 Low Physical Activity Version of the Minnesota Leisure Time Activities Questionnaire will 

assess physical activity in 2 weeks prior to study 

5 Slowed Walking Speed Averaging the results of 3 trials of walking 15 feet at a normal pace 



What is the Fried frailty phenotype? 

• Definition in older adults: 

– Frail≥3 components 

– Intermediately frail=1 or 2 
components 

– Non-frail= 0 components 
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WHAT ARE THE POTENTIAL LIMITATIONS 
TO STUDYING FRAILTY IN ESRD? 



What is the Fried frailty phenotype? 
• Definition in older adults: 

– Frail≥3 components 
– Intermediately frail=1 or 2 

components 
– Non-frail= 0 components 

 
• Definition has been refined for 

other populations, namely KT 
recipients 
– Too few KT recipients with 0 

components 
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Fried et al. J Gerontol A Biol Sci Med Sci 2001;56:M146-M157 

Frailty is not disability or comorbidity 



DOES THE BIOLOGICAL BASIS OF FRAILTY 
PERTAIN TO ESRD? 



Biological basis for Fried frailty phenotype 

Fried L P et al. J Gerontol A Biol Sci Med Sci 

2001;56:M146-M157 

Conceptual	Model	of	Frailty	



Frailty is associated with poor 
outcomes in surgery patients 

• In older patients undergoing general surgery, frailty is 
independently associated with:  
– Postoperative complications 1,2 
– Length of stay 1 
– Discharge to a skilled or assisted-living facility 2,3 
– Mortality 1 

• In general surgery patients of all ages, intermediately 
frail and frail patients have twice the odds of 30-day 
complications 4 

1 Robinson Am J Surg, 2013; 2 Makary Am Col Surg, 2010; 3 Robinson Am Col Surg, 2011; 4 Revenig Am Col 

Surg, 2013. 



Outline 
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Frailty prevalence is high in ESRD 
• There is a high prevalence of frailty regardless of the ESRD 

treatment modality: 
– 42% of Prevalent Hemodialysis Patients 

• McAdams-DeMarco, JAGS, 2013 

– 34% of Incident Hemodialysis Patients 
• McAdams-DeMarco, CJASN, under revision 

– 19% of Kidney Transplant (KT) recipients 
• McAdams-DeMarco, AJT, 2013 and 2014 
 

• Frailty is emerging as an important risk factor in adults of all ages 
with ESRD  

 



Frailty is not comorbidity, and 
disability in adults undergoing HD 

27 

Comorbidity	Disability	
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4.8%	
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1.4%	
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None	

43.2%	
(n=63)	

McAdams-DeMarco, JAGS, 2013. 



McAdams-DeMarco, JAGS, 2013. 

Frail adults undergoing HD are at 
increased risk of mortality 

HR: 2.60 (95% CI: 1.04, 6.49) 
 

 

McAdams-DeMarco, JAGS, 2013. 



• Frailty was independently associated with a 

– 2.6-fold higher risk of mortality1 

– 1.4-fold higher number of hospitalizations1 

– 1.3-fold higher risk of first hospitalization2 

– 3.1-fold higher number of falls2 

 
1 McAdams-DeMarco, JAGS, 2013 

2 Bao, Arch of Internal Med, 2012 

3 McAdams-DeMarco, BMC Nephrology, 2013 

Frail adults undergoing HD are at increased risk 
of poor outcomes 
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Frailty prevalence is high at KT 

McAdams-DeMarco, AJT, 2014. 



Frail KT recipients are at increased risk of 
early hospital readmission 

McAdams-DeMarco, AJT, 2013. 



Frail KT recipients are at increased risk 
of poor outcomes 

• KT recipients who are frail at admission for  KT 
are at: 
– 1.9-times (95% CI: 1.13-3.36) increased risk of DGF 

• Garonzik-Wang/Segev, JAMA Surgery, 2012 

– 2.2-fold (95% CI: 1.00-4.80) increased risk of mortality 
• McAdams-DeMarco/Segev, AJT, 2014 

– 1.6-fold (95% CI: 1.15-2.43) increased risk of >2 week 
KT length of stay 
• McAdams-DeMarco/Segev. In Preperation 

 
 

 
 



McAdams-DeMarco, et al. 2014. 

Frail KT recipients are more likely to require an 
MMF dose reduction 

1.29-times (95%CI:1.01-1.66; P=0.04) increased risk. 
 



McAdams-DeMarco, et al. Poster # 50 

Frail KT recipients report worse HRQOL 
2.97-fold (95% CI: 1.48-5.98) higher odds of  

fair/poor HRQOL. 



Frailty improves after KT 

McAdams-DeMarco, JAGS, in press. 

Mean=0.4 
P<0.001 

Mean=-0.3 
P=0.04 

Mean=0.2 
P=0.07 
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Frailty in the clinical care of transplant 
recipients 

• In patients with ESRD frailty:  

– measures the ability of a patient to respond to a 
stressor 

– captures a unique domain of risk  

• Frailty can be used for clinical decision-making 

– Better patient selection 

– Interventions prior to KT 

 



WHERE DO YOU SEE FRAILTY 
FITTING IN PATIENT SELECTION? 



Frailty and recipient selection 

• Incorporating frailty into the transplant 
evaluation would improve recipient selection 

• May help transplant surgeons:  

– Accept marginal candidates who are not frail 

– Decide against transplanting frail candidates 

– Identify older adults who would do well with 
transplant despite their age 



HOW CAN FRAILTY BE USED TO 
IMPROVE PATIENT OUTCOMES? 



Pre-habilitation of frail candidates  
• Pre-habilitation can improve a patients surgical outcomes 
• Transplantation is beneficial in many patients 

– We're trying to work out which frail patients will benefit vs not 
benefit from KT  

• KT is one of the only situations in this entire field of frailty 
research where an intervention has been shown to reverse 
this physiologic reserve 

• We are launching a study on pre-habilitation in patients 
undergoing hemodialysis now  
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Fried frailty phenotype represents 
inflammatory state 

• In older adults, frailty is an inflammatory state of 
increased vulnerability to stressors.  

• Immune system dysregulation may play a leading role, 
resulting in heightened inflammation and alteration in 
innate and adaptive immune systems (Yao, 2011).  

• Frailty is associated with dysregulation of multiple 
physiologic systems, including a generalized 
inflammatory state (Walston, 1999).  


