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Abstract

Background—Among community-dwelling older adults, frailty is associated with heightened 

markers of inflammation and subsequent mortality. Although frailty is common among ESRD 

patients, the role of frailty and markers of inflammation in this population remains unclear. We 

quantified these associations in patients on the kidney transplant (KT) waitlist and tested whether 

frailty and/or markers of inflammation improve waitlist mortality risk prediction.

Methods—We studied 1,975 ESRD patients on the KT waitlist (11/1/09–2/28/17) in a multi-

center cohort study of frailty. Serum inflammatory markers (interleukin-6 [IL-6], soluble tumor 

necrosis factor-α receptor-1 [sTNFR1], and C-reactive protein [CRP]) were analyzed in 605 of 

these participants; we calculated the inflammatory index score using IL-6 and sTNFR1. We 
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compared the C-statistic of an established registry-based prediction model for waitlist mortality 

adding frailty and/or inflammatory markers (1SD change in log IL-6, sTNFR1, CRP, or 

inflammatory index).

Results—The registry-based model had moderate predictive ability (c-statistic=0.655). Frailty 

was associated with increased mortality (2.19, 95%CI:1.26–3.79) but did not improve risk 

prediction (c-statistic=0.646; P=0.65). Like frailty, IL-6 (2.13, 95%CI:1.41–3.22), sTNFR1 (1.70, 

95%CI:1.12–2.59), CRP (1.68, 95%CI:1.06–2.67), and the inflammatory index (2.09, 95%CI:

1.38–3.16) were associated with increased mortality risk; unlike frailty, adding IL-6 (c-

statistic=0.777; P=0.02), CRP (c-statistic=0.728; P=0.02), or inflammatory index (c-

statistic=0.777; P=0.02) substantially improved mortality risk prediction.

Conclusion—Frailty and markers of inflammation were associated with increased waitlist 

mortality risk, but only markers of inflammation significantly improved ESRD risk prediction. 

These findings help clarify the accelerated aging physiology of ESRD and highlight easy to 

measure markers of increased waitlist mortality risk.

INTRODUCTION

Frailty is a syndrome of decreased physiologic reserve, characterized by multisystem 

dysregulation with a deep biological basis that becomes more evident during periods of 

stress (1). While initially characterized in older adults, frailty is now known to be highly 

prevalent in patients of all ages with end-stage renal disease (ESRD). Among patients 

undergoing hemodialysis, frailty is associated with falls (2), hospitalizations (3–5), poor 

cognitive function (6), decreased health-related quality of life (7), and mortality (3, 5). 

Additionally, among kidney transplant (KT) recipients, frailty is associated with delayed 

graft function (8), length of stay (9), early hospital readmission (10), immunosuppression 

intolerance (11), decreased health-related quality of life (12), impaired functioning (13), and 

mortality (14).

One of the hallmarks of frailty is thought to be chronic inflammation (15, 16). In 

community-dwelling older adults, frailty is associated with elevated markers of systemic 

inflammation, particularly interleukin-6 (IL-6), soluble tumor necrosis factor-α receptor-1 

(sTNFR1), and C-reactive protein (CRP) (17–23). In a multi-center study of 762 

hemodialysis patients, increased IL-6 levels were associated with an increase in the Fried 

frailty phenotype score (4). However, it is unclear whether frailty is associated with other 

elevated markers of systemic inflammatory markers across the spectrum of renal 

replacement therapies, including those who are on the KT waitlist.

Furthermore, elevated markers of inflammation in community-dwelling older adults is a 

strong predictor of mortality (24–26). It is unclear whether frailty and/or inflammatory 

markers are associated with mortality in a broader group of patients with ESRD on the KT 

waitlist and whether they improve waitlist mortality risk prediction in this population.

To better understand frailty and markers of inflammation in ESRD patients on the KT 

waitlist, we conducted a prospective study of patients on the KT waitlist. The goals of this 

study were to: 1) characterize the prevalence of frailty and levels of inflammation 2) test 
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whether frailty is characterized by heightened inflammatory markers, 3) quantify the 

association between frailty, markers of inflammation, and waitlist mortality, and 4) estimate 

the improvement in mortality risk prediction associated with frailty and markers of 

inflammation.

MATERIALS AND METHODS

Study Design

This was a prospective, longitudinal cohort study that consecutively enrolled 1,975 ESRD 

who were being evaluated for KT at the Johns Hopkins Hospital, Baltimore, Maryland, from 

November 2009 to March 2016 (N=1,875) and the University of Michigan, Ann Arbor, 

Michigan, from January 2015 to May 2016 (N=100). Participants were English-speaking 

patients and aged 18 years or older who were evaluated for kidney transplantation at Johns 

Hopkins or University of Michigan. In this study, we measured frailty and obtained blood 

samples at the time of transplant evaluation, as described below. Additional participant 

characteristics that are consistent with data collected in the national registry of transplant 

recipients (Scientific Registry of Transplant Recipients [SRTR]) were also assessed at this 

time or abstracted from the transplant evaluation medical record (age, sex, race, ethnicity, 

cause of ESRD, blood type, BMI, time on dialysis, type of dialysis, education, smoking 

status, and previous transplant). The Johns Hopkins Institutional Review Board and the 

University of Michigan Institutional Review Board approved the study, and all participants 

provided written informed consent. This research is in adherence with the Declaration of 

Helsinki and the Declaration of Istanbul.

Frailty

We studied the physical frailty phenotype as defined (27) and validated by Fried in older 

adults (10, 18, 21, 23, 27–35) and by our group in ESRD and KT populations (2, 3, 6–11, 

14, 36, 37). This phenotype is based on 5 components: shrinking (self-report of 

unintentional weight loss of more than 10 lbs in the past year based on dry weight); 

weakness (grip-strength below an established cutoff based on gender and BMI); exhaustion 

(self-report); low activity (Kcals/week below an established cutoff); and slowed walking 

speed (walking time of 15 feet below an established cutoff by gender and height) (27). Each 

of the 5 components was scored as 0 or 1, representing the absence or presence of that 

component, respectively. The aggregate frailty score was calculated as the sum of the 

component scores (range 0–5); nonfrail was defined as an aggregate score of 0, intermediate 

frailty was defined as a score of 1 or 2, and frailty was defined as a score of ≥3. The cut-

points for nonfrail and intermediately frail differed from the standard calculation of the Fried 

physical frailty phenotype, because there were too few adults with ESRD who had none of 

the frailty components.

Markers of Inflammation

Serum samples were collected on a nondialysis day at the transplant evaluation (at the same 

visit that frailty was measured), then stored at −80°C. The serum inflammatory markers 

measured in these samples included interleukin-6 (IL-6), soluble tumor necrosis factor-α 
receptor-1 (sTNFR1), and C-reactive protein (CRP). Testing was performed using 
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commercially available enzyme-linked immunosorbent assay kits (R&D Systems, 

Minneapolis, MN). IL-6 was measured using a High-Sensitivity Quantikine ELISA kit with 

a sensitivity of 0.11 pg/mL, and assay range of 0.2–10 pg/mL. sTNFR1 was measured using 

a Quantikine ELISA kit with a sensitivity of 1.2 pg/mL and assay range of 7.8–500 pg/mL. 

CRP was measured using a HSCRP ELISA kit with a sensitivity of 0.124 ng/mL and assay 

range of 1.9–150 ng/mL. All measurements were performed in duplicate and were repeated 

if the measures differed by more than 15% or were outside the measurable range. We log-

transformed the average of the 2 measures to account for the nonnormal distribution of the 

individual inflammatory markers, as has been previously reported (20, 38). We calculated 

the inflammatory index score using IL-6 and sTNFR1, as has been previously published: 

[1/3 x log(IL-6)] + [2/3 x log(sTNFR1)] (20). To preserve stored samples, we only analyzed 

the most recent serum samples (from 4/2014); 80.6% of our full study population consented 

for blood draw.

Waitlist Mortality

All participants were evaluated for KT and on the KT waitlist at Johns Hopkins University 

or the University of Michigan. As such, mortality was recorded for all participants, even if 

they were removed from the waitlist (4%). We only considered deaths prior to 

transplantation as our outcome of interest.

Frailty and Markers of Inflammation

We used multinomial logistic regression to evaluate the cross-sectional association between 

each of the 3 individual inflammatory makers and the composite inflammatory index score 

with the frailty phenotype, treating this phenotype as a 3-level categorical outcome (nonfrail, 

intermediately frail, and frail), as has been previously published (37, 38). This model 

allowed us to compare frail to nonfrail and intermediately frail to nonfrail in the same model 

and to estimate associations between each measure of inflammation and each level of frailty 

status. Therefore, the associations were not constrained to be the same between each level of 

the outcome of frailty, as they would otherwise be in ordinal logistic regression. Models 

were adjusted for the factors that were included in an established, published registry-based 

prediction model (age, race, sex, blood type, and cause of ESRD) (39). Only participants 

with measured markers of inflammatory markers were included in this analysis (n=605). All 

analyses of the inflammatory markers evaluated the association between a 1 SD increase in 

the log transformed values of these continuous measures and frailty, as has previously been 

published (20, 38).

Frailty, Markers of Inflammation, and Waitlist Mortality

We then quantified the risk of waitlist mortality associated with frailty and the markers of 

inflammation (1 SD increase in the log values, as described above) using Cox proportional 

hazards models; hazard ratios (HR) measured the strength of the association between frailty 

(or the inflammatory markers) and waitlist mortality. For all models, we adjusted for factors 

included in the registry-based model (age, race, sex, blood type, and cause of ESRD). The 

mortality risks associated with frailty (n=1,975) and each marker of inflammation (n=605) 

were estimated separately. Participants were censored at the time of transplantation or 

administrative censoring (3/1/2017), as is standard with the registry-based model. 
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Proportional hazards were confirmed visually by graphing the log-log plot of survival and 

statistically using Schoenfeld residuals. As sensitivity analyses, we quantified the 

association between frailty, markers of inflammation, and waitlist mortality after 

additionally adjusting for other mortality risk factors (smoking status and comorbidity) and 

using a competing risks survival regression (treating KT as a competing risk) based on Fine 

and Gray’s proportional subhazards model (40).

Waitlist Mortality Prediction by Frailty and Markers of Inflammation

We then calculated the model discrimination of the registry-based waitlist mortality model 

using Harrell’s C-statistic, a measure of concordance indicating the model’s ability to 

distinguish (discriminate) between recipients with different times until death. The C-statistic 

ranges from 0.5 (no discrimination) to 1.0 (perfect discrimination) and higher values indicate 

that the model more accurately predicts which patients will have longer survival. To this 

registry-based model we added frailty (n=1,975) and the markers of inflammation separately 

(n=605) and tested whether the C-statistic improved with the addition of these new risk 

factors; p-values for the difference in C-statistics were estimated using the z-statistic.

Statistical Analysis

For all analyses, a p-value <0.05 was considered significant. All analyses were performed 

using Stata 14.0 (College Station, Texas).

RESULTS

Study Population

Among 1,975 participants on the KT waitlist, the mean age was 53.7 (SD=13.5; range 18.3–

85.7), 40.5% were female, 44.5% were African American, 6.4% were current smokers, and 

67.7% were undergoing hemodialysis. The median number of comorbidities from the 

Charlson Comorbidity Index was 1 (IQR: 0–3; Range 0–28). There were 207 deaths over a 

mean follow-up of 1.6 years (SD=1.3 years). Additionally, 44% of the study population 

received KT during follow-up and 4% were removed from the waitlist (although they were 

still followed for mortality).

Among the 605 participants with measured inflammatory markers, the median IL-6 level 

was 4.1 pg/mL (IQR: 2.6–14.74), the median sTNFR1 level was 10.2 ng/mL (IQR: 6.1–

17.8), the median CRP level was 4.4 μg/mL (IQR: 1.8–9.9), and the median inflammatory 

index score was 6.7 (IQR: 6.2–7.1). There were 27 deaths among those with inflammatory 

markers over a mean follow-up of 1.1 years (SD=0.7 years). Participants with measured 

inflammatory markers did not differ from those without measured inflammatory markers 

based on sex (P=0.12), age (P=0.73), race (P=0.80), diabetes status (P=0.61), or center 

(P=0.58); however, those with measured inflammatory markers were more likely to be 

smokers (42.2% vs. 18.4%; P<0.001).

Frailty Among Patients with ESRD on the KT Waitlist

Of the participants, 62.7% were intermediately frail, and 18.4% were frail (Table 1). Those 

who were frail were more likely to be aged 65 and older (frail=26.7%, intermediately 
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frail=24.1%, and nonfrail=18.0%; P=0.001), African American (frail=53.7%, intermediately 

frail=44.1%, and nonfrail=38.9%; P<0.001), have a high school education or less 

(frail=37.7%, intermediately frail=31.3%, and nonfrail=22.3%; P<0.001), and have spent 

less time on dialysis (frail= 1.2 years, intermediately frail=2.2 years, and nonfrail=2.1 years; 

P<0.001). Additionally, those who were frail had different causes of ESRD (P<0.001); for 

example, diabetes (frail=32.2%, intermediately frail=22.0%, and nonfrail=11.0%; P<0.001) 

was the most common cause of ESRD among those who were frail.

Frailty and Markers of Inflammation

Frail participants had a higher median serum IL-6 (frail=5.6 pg/mL, intermediately frail=4.2 

pg/mL, and nonfrail=3.4 pg/mL; P<0.001), sTNFR1 (frail=12.5 ng/mL, intermediately 

frail=10.0 ng/mL, and nonfrail=8.4 ng/mL; P=0.02), CRP (frail=6.7 μg/mL, intermediately 

frail=4.1 μg/mL, and nonfrail=3.6 μg/mL; P=0.01), and inflammatory index (frail=6.9%, 

intermediately frail=6.7%, and nonfrail=6.5; P<0.001). In the adjusted models, a 1 SD 

change in the log IL-6 level was associated with a 1.23-fold (95% CI: 1.00–1.51) increased 

odds of intermediate frailty and a 1.91-fold (95% CI: 1.43–2.57) increased odds of frailty 

(Table 2) after accounting for age, race, sex, blood type, and cause of ESRD. A 1 SD change 

in sTNFR1 (OR=1.41, 95% CI: 1.05–1.89) and in CRP (OR=1.33, 95% CI: 1.00–1.77) were 

both associated with an increased odds of frailty. A 1 SD change in the inflammatory index 

score was associated with a 1.24-fold (95% CI: 1.01–1.51) increased odds of intermediate 

frailty and a 1.76-fold (95% CI: 1.30–2.37) increased odds of frailty.

Frailty, Markers of Inflammation, and Waitlist Mortality

The risk of waitlist mortality was greater among the frail participants (Figure 1; log-rank 

P=0.005). Frailty was associated with increased mortality risk (intermediately frail 

HR=1.73, 95%CI: 1.04–2.89; frail HR=2.19, 95%CI: 1.26–3.79) after adjustment for age, 

race, sex, blood type, and cause of ESRD (Table 3). A 1 SD change in the log IL-6 

(HR=2.13, 95%CI: 1.41–3.22), sTNFR1 (HR=1.70, 95%CI: 1.12–2.59), CRP (HR=1.68, 

95%CI: 1.06–2.67), and a 1 SD change in inflammatory index (HR=2.09, 95%CI: 1.38–

3.16) were all associated with increased mortality risk after adjustment for age, race, sex, 

blood type, and cause of ESRD. The association between frailty (P for interaction=0.07), 

IL-6 (P for interaction=0.67), sTNFR1 (P for interaction=0.60), CRP (P for 

interaction=0.16), inflammatory index (P for interaction=0.58), and waitlist mortality did not 

differ by age. Similarly, there were no differences in these associations by sex or race except 

for one. CRP was a risk factor for waitlist mortality among white candidates (HR=2.76, 95% 

CI: 1.32–6.79) but not African American candidates (HR=1.08, 95% CI: 0.62–1.86) (P for 

interaction=0.04).

In sensitivity analyses, additionally adjusting for current smoking did not change the 

inferences; in the additionally adjusted analyses: intermediately frail (HR=1.72, 95%CI: 

1.03–2.88), frail (HR=2.18, 95%CI: 1.25–3.78), IL-6 (HR=2.08 95%CI: 1.38–3.14 

P=0.001), sTNFR1 (HR=1.72 95%CI: 1.13–2.63 P=0.01), CRP (HR=1.72 95%CI: 1.07–

2.77 P=0.03), and the inflammatory index (HR=2.07 95%CI: 1.37–3.12 P=0.001) remained 

associated with waitlist mortality. Furthermore, the results were robust to additionally 

adjusting for history of smoking, previous transplant, the Charlson comorbidity index, or 
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vascular comorbidities and when using the competing risks model to account for the 

competing risk of transplantation.

Mortality Prediction by Frailty and Markers of Inflammation

When the registry-based model was run on the full sample of 1,975, the C-statistic was 

0.642 and when run on the sample of 605 participants, the C-statistic was 0.655 (Table 3); as 

a sensitivity analyses, when frailty was treated as a score (0–5) the C-statistic was 0.647. 

Adding frailty to the registry-based model did not improve mortality risk prediction (C-

statistic=0.646; P=0.65) (Table 3). However, adding IL-6 (C-statistic=0.777), CRP (C-

statistic=0.728), or the inflammatory index (C-statistic=0.777) improved mortality risk 

prediction well beyond the registry-based model (P=0.02, P=0.02, and P=0.02, respectively).

DISCUSSION

In this multicenter prospective cohort study, we found that frailty is associated with 

heightened markers of inflammation among ESRD patients on the KT waitlist. While frailty 

and markers of inflammatory markers were associated with waitlist mortality, only IL-6, 

CRP, and the inflammatory index improved mortality prediction. In fact, a 1 SD change in 

the log of IL-6 and CRP as well as the inflammatory index were associated with an 

increased risk of waitlist mortality and improved the C-statistic; including IL-6 or the 

inflammatory index increased the C-statistic from 0.655 to 0.777. These findings represent 

statistically and clinically meaningful improvements in our ability to predict risk in ESRD 

patients on the KT waitlist.

Our findings of a strong association between frailty and markers of inflammation are 

consistent with studies of other populations. In community-dwelling older women, those 

with IL-6 in the top tertile had 3.98-fold increased odds of frailty (23). In patients with HIV 

(a condition associated with accelerated aging), the adjusted odds of frailty was 1.33-fold 

higher per every 1 SD change in the log between IL-6 (38). Additionally, in hemodialysis 

patients, a 1 pg/mL change in IL-6 was associated with a 0.3 point increase in frailty score 

(0–5). This suggests that there is a similar biological process that leads to frailty in older 

adults and patients of all ages with conditions associated with accelerated aging. ESRD is 

likely a state of accelerated aging (41) and manifests as elevated markers of inflammation 

and frailty even in a younger, healthier population.

Our findings on the robust, independent association between frailty and waitlist mortality are 

consistent with previous reports in ESRD patients (3, 5, 14, 37), including a 2.60-fold 

increased mortality risk in hemodialysis patients (3) and a 2.17-fold increased mortality risk 

among KT recipients (14). Additionally, we extended the previous findings on the risk of 

mortality associated with IL-6 and CRP among incident hemodialysis patients (42) to a 

broader, healthier population of ESRD on the KT waitlist. Our research builds on these 

previous findings of an association between frailty, markers of inflammation, and mortality 

and shows that incorporating markers of inflammation, particularly IL-6, improves mortality 

risk prediction among ESRD patients on the KT waitlist. However, only IL-6, CRP, and the 

inflammatory index improved waitlist mortality risk prediction. The predictive ability of 

frailty may be diminished because physicians are likely more able to identify frail patients 
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(but don’t routinely screen for inflammation) resulting in fewer frail ESRD patients on the 

transplant waitlist.

This study has several important strengths, including a large sample size from 2 different 

hospitals, a prospective study design, the measurement of the novel gerontology factor of 

frailty (rather than the use of proxies), and the analysis of 3 inflammatory markers collected 

at the time of frailty assessment. The main limitation of this study was the limited number of 

centers, so inferences must be interpreted in the context of the study population. 

Additionally, to preserve stored samples, we only analyzed the most recent serum samples 

(from 4/2014); those with and without analyzed blood samples only differed on smoking 

status. We only obtained a single blood draw and thus, are unable to assess day to day 

variability in these inflammatory markers which may arise from hemodialysis, infections, or 

other acute conditions. Furthermore, we are unable to capture cause of death or medication/

supplement use.

In conclusion, we have shown that frailty is a phenotype of increased inflammation among 

ESRD patients on the KT waitlist. There was substantial overlap in the inflammatory 

markers and frailty such that patients who were frail were much more likely to have elevated 

inflammatory markers. While both frailty and inflammatory markers were independently 

associated with waitlist mortality, only IL-6, CRP, and the inflammatory index improved risk 

prediction in this population; the improvement in risk prediction was substantial and 

clinically important. Furthermore, our findings provide early epidemiological evidence that 

the inflammatory pathway may be a novel and important target for reducing mortality 

among frail patients on the KT waitlist and suggest that a better understanding of this 

pathway may help clarify the accelerated aging process associated with ESRD. These 

findings highlight easy to measure markers of increased mortality risk and suggest that 

inflammatory markers should be measured along with frailty status during the evaluation 

process; knowing whether or not a patient is frail and whether or not they have elevated 

inflammatory markers may provide a more complete picture of their risk of mortality while 

awaiting KT.
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sTNFR1 soluble tumor necrosis factor-α receptor-1

CRP C-reactive protein [CRP])
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Figure 1. 
Risk of Waitlist Mortality by Frailty Among ESRD Patients.

The risk of waitlist mortality by frailty status was estimated using a Kaplan-Meier approach 

among 1,975 ESRD patients. Frailty was associated with an increased mortality risk 

(P=0.005) among ESRD patients.
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Table 1

Adults of All Ages with End-stage Renal Disease on the Kidney Transplant Waitlist, Stratified By Frailty 

Status (n=1,975).

Nonfrail (n=373) Intermediately frail (n=1,239) Frail (n=363) P-value

Age (years) 0.001

 18–34 10.7 12.0 7.7

 35–49 32.4 23.2 23.1

 50–64 38.9 40.7 42.4

 ≥65 18.0 24.1 26.7

African American race 38.9 44.0 53.7 <0.001

Hispanic ethnicity 2.4 2.4 1.4 0.48

Female sex 39.4 41.4 38.6 0.56

Cause of ESRD <0.001

 Glomerular disease 25.7 19.9 16.8

 Diabetes 11.0 22.0 32.2

 Hypertension 29.8 30.9 31.4

 Polycystic disease 11.0 6.9 5.5

 Other 22.5 20.3 14.1

Blood type 0.26

 A 29.2 31.9 35.5

 AB 3.5 4.5 3.3

 B 15.0 17.1 14.9

 O 51.3 46.4 46.0

Body mass index (kg/m2) 29.0 [6.0] 29.1 [5.9] 29.5 [5.9] 0.44

Diabetes 22.5 38.2 52.6 <0.001

Time on dialysis (years) 2.1 [0.7–4.6] 2.2 [0.8–5.4] 1.2 [0.5–3.6] <0.001

Type of dialysis 0.49

 Hemodialysis 63.5 68.3 68.9

 Peritoneal dialysis 17.5 14.1 12.7

 None (Pre-emptive transplant) 19.1 17.6 18.4

High school education or less 22.3 31.3 37.7 <0.001

Current smoker 4.6 6.8 7.6 0.34

Previous kidney transplant 17.4 19.9 18.7 0.56

Charlson comorbidities 0 (0–2) 1 (0–3) 2 (0–3) <0.001

 Myocardial infarction 5.9 7.9 8.0 0.41

 Peripheral vascular disease 3.5 6.2 7.4 0.06

 Cerebral vascular disease 2.7 2.9 5.3 0.07

 Dementia 0 0.2 1.1 0.02

 Chronic lung disease 4.6 6.5 9.6 0.02

 Rheumatologic disease 4.1 7.6 7.8 0.05

 Peptic ulcer disease 1.9 4.1 5.0 0.07

 Diabetes 26.0 41.9 52.5 <0.001
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Nonfrail (n=373) Intermediately frail (n=1,239) Frail (n=363) P-value

 Diabetes with complications 13.5 25.7 37.7 <0.001

 Moderate/severe liver disease 1.3 2.7 3.3 0.21

 Metastatic cancer 1.3 0.5 0.6 0.19

 Leukemia 0.5 0.2 0.3 0.45

 Lymphoma 2.2 0.7 1.4 0.04

 HIV 2.7 2.6 2.2 0.90

 Congestive heart failure 5.3 11.6 11.5 0.07

Nonfrail (n=150) Intermediately frail (n=364) Frail (n=91) P-value

IL-6 (pg/mL) 3.4 [2.4–5.4] 4.2 [2.6–7.4] 5.6 [3.0–11.5] <0.001

sTNFR1 (ng/mL) 8.4 [5.3–16.9] 10.0 [6.1–17.8] 12.5 [8.0–19.0] 0.02

CRP (μg/mL) 3.6 [1.8–9.2] 4.1 [1.7–9.9] 6.7 [2.6–12.2] 0.01

Inflammatory index 6.5 [6.0–7.0] 6.7 [6.3–7.0] 6.9 [6.5–7.2] <0.001

Nonfrail was defined as a score of 0, intermediately frail was defined as a score of 1 or 2, and frail was defined as a score of 3 or higher. The mean 
[SD] are presented for body mass index. The median and IQR are presented for time on dialysis, IL-6, sTNFR1, CRP and inflammatory index. The 
aggregate inflammatory index consists of IL-6 and sTNFR1. All other measures are percentages. Interleukin-6=IL-6, soluble tumor necrosis factor-
α receptor-1= sTNFR1, and C-reactive protein=CRP.
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Table 2

Odds of Frailty and Intermediate Frailty by Inflammatory Markers.

Intermediately frail P-Value Frail P-Value

IL-6, Log(pg/mL) 1.23 (1.00, 1.51) 0.05 1.91 (1.43, 2.57) <0.001

sTNFR1, Log(pg/mL) 1.18 (0.96, 1.45) 0.12 1.41 (1.05, 1.89) 0.02

CRP, Log(μg/mL) 1.08 (0.89, 1.31) 0.45 1.33 (1.00, 1.77) 0.05

Inflammatory index 1.24 (1.01, 1.51) 0.04 1.76 (1.30, 2.37) <0.001

Nonfrail was defined as a score of 0, intermediately frail was defined as a score of 1 or 2, and frail was defined as a score of 3 or higher. The odds 
of being intermediately frail and frail were estimated for a 1 standard deviation (SD) change in the log of IL-6, sTNFR1, CRP, and an aggregate 
inflammatory index of IL-6 and sTNFR1. Interleukin-6=IL-6, soluble tumor necrosis factor-α receptor-1= sTNFR1, and C-reactive protein=CRP.
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Table 3

Risk of Waitlist Mortality, by Frailty, Inflammatory Markers, and Inflammatory Index Among ESRD Patients 

on the Kidney Transplant Waitlist

Sample Size HR (95% CI) P-value C-statistic (P-value)

Registry-based Model 605 0.655

Frailty 1,975 0.646 (0.65)

 Nonfrail Reference

 Intermediately frail 1.73 (1.04–2.89) 0.04

 Frail 2.19 (1.26–3.79) 0.01

IL-6, Log(pg/mL) 605 2.13 (1.41–3.22) <0.001 0.777 (0.02)

sTNFR1, Log(pg/mL) 605 1.70 (1.12–2.59) 0.01 0.726 (0.10)

CRP, Log(μg/mL) 605 1.68 (1.06–2.67) 0.03 0.728 (0.02)

Inflammatory Index 605 2.09 (1.38–3.16) <0.001 0.777 (0.02)

Nonfrail was defined as a score of 0, intermediately frail was defined as a score of 1 or 2, and frail was defined as a score of 3 or higher. The hazard 
ratios of mortality were estimated for a 1 standard deviation (SD) change in the log of IL-6, sTNFR1, CRP, and an aggregate inflammatory index of 
IL-6 and sTNFR1. The registry-based models (SRTR waitlist mortality model) include age, race, sex, blood type, and cause of ESRD. When the 
registry-based model was run on the full sample of 1,975, the C-statistic was 0.642 and this C-statistic is the reference for the p-value reported for 
the addition of frailty. However, when the sample was limited to the 605 participants who also had the inflammatory markers measured, the C-
statistic for frailty was 0.655. Interleukin-6=IL-6, soluble tumor necrosis factor-α receptor-1= sTNFR1, and C-reactive protein=CRP.
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