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  Results:  Median (interquartile range, IQR) age was 65 (57–
71) years, median estimated glomerular filtration rate (eGFR) 
for non-dialysis patients was 49 (36–62) ml/min/1.73 m 2 , and 
median SPPB score was 9 (7–10). Seven percent of partici-
pants were frail and 43% were pre-frail. Compared with the 
SPPB score for eGFR >60 ml/min/1.73 m 2 , the SPPB was 0.51 
points lower for eGFR 30–59; 0.61 points lower for eGFR 15–
29, and 1.75 points lower for eGFR <15 (p < 0.01 for all com-
parisons). eGFR 30–59 (odds ratio, OR 1.45; p = 0.024), eGFR 
15–29 (OR 2.02; p = 0.002) and eGFR <15 (OR 4.83; p < 0.001) 
were associated with worse frailty status compared with 
eGFR >60 ml/min/1.73 m 2 .  Conclusions:  CKD severity was 
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 Abstract 

  Background:  Poor physical performance and frailty are as-
sociated with elevated risks of death and disability. Chronic 
kidney disease (CKD) is also strongly associated with these 
outcomes. The risks of poor physical performance and frailty 
among CKD patients, however, are not well established. 
 Methods:  We measured the Short Physical Performance Bat-
tery (SPPB; a summary test of gait speed, chair raises and bal-
ance; range 0–12) and the five elements of frailty among 
1,111 Chronic Renal Insufficiency Cohort participants. Ad-
justing for demographics and multiple comorbidities, we 
fit a linear regression model for the outcome of SPPB score 
and an ordinal logistic regression model for frailty status. 
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associated with poor physical performance and frailty in a 
graded fashion. Future trials should determine if outcomes 
for CKD patients with frailty and poor physical performance 
are improved by targeted interventions. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Chronic kidney disease (CKD) is associated with ele-
vated risks of disability, hospitalization and death  [1–3] . 
These adverse outcomes may be due to systemic inflam-
mation, cachexia and the high prevalence of cardiovascu-
lar disease (CVD) and endocrinopathies such as diabetes 
mellitus in CKD  [4–7] . Measures of physical performance 
and frailty, initially validated in elderly populations, re-
veal a loss of physiologic reserve and susceptibility to 
functional decline  [8–10] . However, the prevalence and 
determinants of poor physical performance and frailty 
have not been well described in a population with a wide 
spectrum of renal dysfunction and a broad age range. 
Poor physical performance and frailty could lie in the 
pathway between CKD and adverse health outcomes and 
deserve closer scrutiny.

  Compared to self-reported measures of function, 
physical performance tests such as the Short Physical Per-
formance Battery (SPPB) provide objective measure-
ments that are readily compared across populations  [10, 
11] . These measures serve as powerful independent pre-
dictors of disability, hip fracture, hospitalization, and 
mortality in the elderly  [12, 13] , and can identify mean-
ingful differences in function even among individuals 
without any known disability  [10] .

  Frailty is a clinical syndrome of global loss of resilience 
and diminished capacity to respond to health stressors  [9] . 
Limited data exist about predictors and consequences of 
frailty in patients with chronic renal insufficiency  [14]  
Among elderly (>65 years) community-dwelling individ-
uals in the Cardiovascular Health Study (CHS), mild to 
moderate elevation in serum creatinine was associated 
with a greater prevalence of frailty  [15] . Using a modified 
frailty measure derived from questionnaires, Johansen 
and colleagues applied the frailty construct to dialysis pop-
ulations in two studies that had similar findings  [16, 17] . 
In a study of 2,275 incident dialysis patients in the Dialysis 
Morbidity and Mortality Wave 2 cohort, Johansen’s group 
found that two thirds were identified as frail. Independent 
of age, comorbidities and laboratory measures collected 
during dialysis, frailty was associated with hospitalization 
and death  [16] . Roshanravan et al.  [18]  assessed frailty 

among 336 middle-aged patients with CKD in the Seattle 
Kidney Study and found a strong association between 
frailty and a combined outcome of death and/or dialysis.

  The aims of this cross-sectional study were to (1) de-
termine if greater CKD severity was independently asso-
ciated with the end points of poor physical performance 
and frailty in a large, racially diverse sample of adults with 
CKD, and (2) identify additional risk factors for poor 
physical performance and frailty in CKD.

  Methods 

 Study Population 
 The Chronic Renal Insufficiency Cohort (CRIC) is a multi-

center prospective study of progression of renal disease, risk fac-
tors for CVD, and mortality in 3,939 adults. Inclusion criteria in-
cluded ages 21–74 years with an estimated glomerular filtration 
rate (eGFR) between 20 and 70 ml/min/1.73 m 2  at enrollment. Ex-
clusions included institutionalization or severe comorbidities such 
as stage III–IV congestive heart failure (CHF). Sociodemographic 
characteristics, medical conditions and medications were self-re-
ported at baseline and updated annually. Body mass index (BMI) 
was measured annually  [19, 20] .

  After institutional review board approval, this cross-sectional 
Physical Performance Ancillary Study was conducted at four of the 
seven CRIC centers from April 2008 to February 2010. Participants 
who had not received a kidney transplant were eligible. Partici-
pants provided informed consent  [19–21] .

  Primary Exposure 
 The primary exposure was eGFR calculated using the CRIC 

equation  [22]  and was categorized as  ≥ 60, 30–59, 15–29, or <15 ml/
min/1.73 m 2  (the <15 ml/min/1.73 m 2  category included partici-
pants receiving chronic dialysis).

  Outcomes  
 The outcomes were SPPB score and frailty status. The SPPB 

score (range 0–12) was derived from (1) the faster of two timed, 
usual pace, 15-foot walks, (2) tests of standing balance in the side-
by-side, semi-tandem and tandem positions, and (3) a timed series 
of five attempts to stand from a chair with arms crossed on the 
chest  [11] . For each component, a five-level categorical score was 
assigned, with 0 representing inability to attempt or complete the 
test and 4 representing the highest level of performance  [10, 11, 23, 
24] .

  Frailty status was defined using five criteria, as described by 
Fried: slow gait speed, muscle weakness, low physical activity, ex-
haustion and unintentional weight loss  [9, 13] . Gait was assessed 
with the timed walk used in the SPPB. Exhaustion was assessed 
using two questions from the Center for Epidemiologic Studies 
Depression scale (CES-D)  [25] . Muscle weakness was determined 
using the average of three grip strength tests using a Digital Grip 
Dynamometer (Creative Health Products, Ann Arbor, Mich., 
USA). The weight loss criterion was satisfied if change in weight 
between the visit one year earlier and the current visit revealed 
 ≥ 5% loss and the participant denied intentional weight loss. For 
low physical activity, energy expenditure was assessed using the 
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Multi-Ethnic Study of Atherosclerosis Physical Activity Question-
naire  [26] . Similar to the approaches used by other studies of frail-
ty, we used items related to household and outdoor chores, as well 
as walking and other deliberate exercise activities  [9, 13, 27] . We 
categorized male participants with energy expenditure <383 kcal/
week and female participants with <270 kcal/week as having low 
physical activity. Participants who met 3, 4, or 5 criteria satisfied 
the frailty end point, while those who met 1–2 criteria were pre-
frail and others were non-frail  [9] .

  Exposures 
 Covariates included age category (<50, 50–59, 60–69 and  ≥ 70 

years), race (black vs. non-black), gender, BMI category (<25, 25–
29, 30–34,  ≥ 35), diabetes, anemia, CVD (clinical history of myo-
cardial infarction, coronary revascularization or CHF), stroke, cat-
egory of highest education (college graduate or higher, some col-
lege, high school graduate, less than high school graduation), 
income (USD >100,000, 50,001–100,000, 20,001–50,000, <20,000), 
and 25(OH)D deficiency (<20 ng/ml)  [28] .

  We also compared the physical component subscore of the 
Kidney Disease Quality of Life (KDQOL) instrument across 
groups defined by eGFR category. The KDQOL comprises ques-
tions about physical health-related quality of life  [29] . However, 
we did not adjust for the KDQOL in analyses of frailty and the 
SPPB because this exposure could plausibly fall in the causal path-
way between eGFR and these outcomes.

  Laboratory Measurements 
 At the visit when the SPPB and frailty were assessed, serum 

specimens were collected. Serum creatinine was measured using 
standard enzyme-based assays and calibrated to values at the 
Cleveland Clinic Research Laboratory  [30] . An immunonephelo-
metric assay on the Siemens BN II System was used to measure 
serum cystatin C  [22] . 25(OH) vitamin D concentrations were 
quantified using high-performance liquid chromatography cou-
pled with tandem mass spectrometry. 

  Statistical Analysis 
 Analyses were completed using Stata MP 12 (Stata Corpora-

tion, College Station, Tex., USA). Continuous variables were re-
ported as median and IQR, while categorical variables were de-
scribed by percentages. For continuous variables, we used Stu-
dent’s t test or the rank-sum test to compare two groups, as 
appropriate. The one-way analysis of variance test was used to 
compare >2 groups. Correlations between two continuous vari-
ables were assessed using the Pearson’s correlation. Categorical 
variables were compared between groups using χ 2 . 

  Multivariable linear regression was performed to determine as-
sociations between eGFR category and the outcome of SPPB score. 
Based on prior literature  [9, 15, 16, 31–33] , we adjusted for the 
potential confounders (listed in the ‘Exposures’ section), except for 
the KDQOL. We examined the R 2  statistic and the distribution of 
residual errors to confirm model assumptions. As a secondary 
analysis, we excluded the 80 (7%) individuals who had a score of 
zero (i.e. no attempt) in any SPPB component; associations be-
tween eGFR and the SPPB were similar and not shown.

  Multivariable ordinal logistic regression was used to determine 
the odds ratio (OR) associated with frailty status and eGFR cate-
gory. The proportional odds assumption was not violated. To 
avoid overfitting in the context of a limited number of participants 

with frailty (n = 73), we only added demographics and comorbid-
ities as independent variables to this regression  [34] . Additionally, 
we found nonlinear univariate associations between frailty status 
and the exposures of age and BMI; large increases in frailty preva-
lence were evident among participants with age >65 years and BMI 
>35. Therefore, we entered age ( ≥ 65 vs. <65 years) and BMI as bi-
nary variables ( ≥ 35 vs. <35) in the model. 

  To confirm the robustness of the results, we fit a logistic regres-
sion model for frailty alone. The Hosmer-Lemeshow goodness of 
fit test showed good calibration (p = 0.41).

  To estimate age-adjusted renal function for individuals within 
each category of frailty status, we fit a linear regression model for 
the outcome of eGFR and entered age as an independent variable. 
eGFR was calculated using the CRIC equation  [22] , and individuals 
on dialysis were assigned an eGFR of 10 ml/min/1.73 m 2 . The ‘mar-
gins’ command in Stata was used to derive eGFR from this model.

  Guided by the literature suggesting that the impact of black race 
on mortality for individuals with renal disease differs by age  [35, 
36] , we fit multivariable models for the outcomes of SPPB score 
and frailty status with interaction terms constructed as the product 
of black race and age  ≥ 65 years.

  Results 

 Among 1,344 eligible individuals completing CRIC 
visits over the study interval at participating sites, 209 
(16%) did not participate in the ancillary, while 24 (2%) 
individuals not receiving dialysis were excluded due to 
insufficient laboratory data to calculate eGFR with the 
CRIC equation. The final analytic sample comprises the 
remaining 1,111 (83%) participants.

  Non-participants and participants in the CRIC ancil-
lary were similar in terms of age (p = 0.39) and gender 
(p = 0.29). However, compared with participants, non-
participants were more likely to be black (46 vs. 36%; p = 
0.005), to have diabetes (55 vs. 43%; p = 0.001), to be on 
dialysis (9 vs. 4%; p = 0.001) and had lower physical com-
ponent summary scores of the KDQOL instrument (me-
dian 39 vs. 45; p < 0.001).

   Table 1  shows participant characteristics. The median 
age was 65 years (range 24–80, IQR 57–71, mean 63 
years). Forty-one participants were on dialysis. The me-
dian eGFR among non-dialysis patients was 49 ml/
min/1.73 m 2  (range 7–146, IQR 36–62). The proportions 
of participants who were black, had diabetes, or had ex-
perienced a stroke or CVD were greater in participants 
with lower eGFR. 

  The Short Physical Performance Battery 
  Figure 1  shows the distribution of SPPB scores. The 

mean score was 8.3 (SD 2.4) and the median was 9 (IQR 
7–10). Nineteen percent had an SPPB score <7, 47% SPPB 
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 ≥ 7 and <10, and 34% had SPPB  ≥ 10. The SPPB and 
KDQOL physical component scores were positively as-
sociated (rho = 0.49; p < 0.001).

  We observed a graded, independent association be-
tween severity of renal dysfunction and worse SPPB score 
( table  2 ). In multivariable linear regression, compared 
with participants with eGFR >60 ml/min/1.73 m 2 , eGFR 
between 30 and 59 was associated with a 0.51-point lower 
score, eGFR between 15 and 29 was associated with a 0.61 
point lower score, while eGFR <15 was associated with a 
1.75-point lower SPPB score. Older age, black race, fe-
male sex, higher BMI, vitamin D deficiency, a history of 
stroke or CVD, lower income, and less education were 
significantly and independently associated with lower 
SPPB score. Diabetes was not a significant risk factor for 
lower SPPB score in the full model; however, in a model 

Table 1.  Participant characteristics, overall and according to eGFR category

Overall eGFR ≥60 eGFR 30–59 eGFR 15–29 eGFR <15 p value

Patients 1,111 300 603 148 60
Age, years 65 (57–71) 61 (51–66) 67 (60–72) 67 (60–73) 59 (54–67) <0.001
Age >65 years 559 (50) 97 (32) 349 (58) 91 (61) 22 (37) <0.001
Female 526 (47) 143 (48) 290 (48) 66 (45) 27 (45) 0.87
Black race 396 (36) 81 (27) 217 (36) 62 (42) 36 (60) <0.001
Diabetes 473 (43) 82 (27) 275 (46) 73 (49) 43 (72) <0.001
Stroke 99 (9) 16 (5) 56 (9) 17 (11) 10 (17) 0.02
Cardiovascular disease 286 (26) 42 (14) 170 (28) 49 (33) 25 (42) <0.001
Anemia 413 (37) 49 (16) 224 (37) 100 (68) 40 (68) <0.001
BMI, kg/m2 30 (26–35) 29 (25–33) 31 (26–35) 30 (26–35) 31 (28–37) <0.001
BMI category <0.001

<25 204 (19) 76 (25) 89 (15) 32 (22) 7 (12)
≥25 and <30 353 (32) 104 (35) 189 (32) 39 (27) 21 (36)
≥30 and <35 282 (26) 74 (25) 165 (28) 33 (23) 10 (17)
≥35 263 (24) 45 (15) 155 (26) 42 (29) 21 (36)

Educational attainment <0.001
Less than high school 550 (50) 194 (65) 279 (46) 56 (38) 21 (35)
High school graduate 321 (29) 65 (22) 179 (30) 52 (35) 25 (42)
Some college 158 (14) 29 (10) 96 (16) 28 (19) 5 (8)
College graduate or higher 81 (7) 11 (4) 49 (8) 12 (8) 9 (15)

Income stratum in USD <0.001
<20,000 214 (19) 89 (30) 101 (17) 18 (12) 6 (10)

20,001–50,000 309 (28) 102 (34) 155 (26) 38 (26) 14 (23)
50,001–100,000 281 (25) 50 (17) 169 (28) 42 (28) 20 (33)

>100,000 145 (13) 23 (8) 89 (15) 23 (16) 10 (17)
Declined response 162 (15) 36 (12) 89 (15) 27 (18) 10 (17)

KDQOL score
Physical component 48 (37–54) 52 (44– 55) 48 (35–53) 43 (33–52) 38 (31–47) <0.001
Mental component 55 (46–59) 55 (46–58) 56 (47–59) 55 (46–59) 50 (42–57) 0.02

Vitamin D deficiency 232 (21) 49 (16) 119 (20) 38 (26) 26 (43) <0.001
Dialysis 41 (4) 0 0 0 41 (68) <0.001

 Data presented as median (interquartile range) or n (%). eGFR calculated using the CRIC eGFR equation. Anemia defined as 
<12 g/dl for women and <13 g/dl for men. Vitamin D deficiency categorized as <20 ng/ml.
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  Fig. 1.  Distribution of SPPB scores among CRIC participants. 
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excluding BMI, diabetes was associated with a 0.42-point 
lower SPPB score (CI –0.67, –0.16; p = 0.001). Tests for 
interaction between black race and age were not signifi-
cant.

  Frailty 
 Seventy-three individuals (7%) were frail and 447 

(43%) were pre-frail. With reference to individual frailty 
criteria, 32% had weakness, 21% had exhaustion, 12% had 
low activity, 11% had slow walking, and 6% had uninten-
tional weight loss over the past year.

  The age-adjusted, predicted mean eGFR was 40 for 
frail, 44 for pre-frail and 54 ml/min/1.73 m 2  for non-frail 

participants. As in  figure 2 , worse renal function was as-
sociated with greater likelihood of worse frailty status. In 
multivariable ordinal logistic regression ( table 3 ), eGFR 
30–59 (OR 1.45; CI 1.05, 1.99; p = 0.024), eGFR 15–29 
(OR 2.02; CI 1.29, 3.16; p = 0.002) and eGFR <15 (OR 
4.83; CI 2.60, 8.98; p < 0.001) were significantly associated 
with worse frailty status, compared with eGFR >60 ml/
min/1.73 m 2 . Age  ≥ 65 years, female sex, black race, BMI 
 ≥ 35, anemia, CVD and stroke were also associated with 
worse frailty status.

  In multivariable logistic regression for the outcome of 
frailty alone (vs. pre-frail and non-frail), the eGFR cate-
gories of 30–59 (OR 1.49; CI 1.07, 2.06; p = 0.018), eGFR 
15–29 (OR 2.21; CI 1.36, 3.58; p = 0.001) and eGFR <15 
(OR 5.55; CI 2.48, 12.4; p < 0.001) were associated with 
an elevated odds of frailty.

  Age-stratified ordinal logistic regression showed that 
black race was associated with worse frailty status among 
individuals <65 years (OR 1.95; CI 1.29, 2.96; p = 0.002), 
but not among those  ≥ 65 years (OR 1.17; CI 0.79, 1.74; 
p = 0.42). In the ordinal logistic regression model with all 
participants, however, the black race by age  ≥ 65 years in-
teraction did not reach significance (interaction OR 0.66; 
CI 0.39, 1.12; p = 0.12).

  Discussion 

 This study is the first to examine both physical perfor-
mance and frailty in a large, ethnically diverse cohort with 
a wide spectrum of CKD severity and age. Worse renal 
function demonstrated a graded association with worse 
physical performance and frailty, independent of age, sex, 
race, BMI, anemia, socioeconomic status and major co-
morbidities. These results underscore the need to define 
the fundamental biological mechanisms in kidney disease 
that drive the development of poor physical performance, 
frailty and loss of functional status. Additionally, CKD 
patients with worsening physical performance or pre-
frailty might benefit from targeted interventions to pre-
vent further deterioration in global health.

  The SPPB revealed clinically important variation in 
physical performance in the CRIC cohort. The only other 
non-transplant CKD population in which the SPPB has 
been measured is participants in the Frequent Hemodi-
alysis Network (FHN) Trial. Among the 375 (mean age 
51 years) FHN participants, 22% had SPPB scores <7 and 
42% had scores >10  [32] . In our cohort, the proportions 
were 19 and 34%, respectively, suggesting a similar bur-
den of poor physical performance in the context of more 

Table 2.  Multivariable linear regression model on the outcome of 
SPPB score

Characteristics β-Coefficient (CI) p value

eGFR in ml/min/1.73 m2

>60 reference
≥30 and <60 –0.51 (–0.80, –0.22) 0.001
≥15 and <30 –0.61 (–1.03, –0.19) 0.005
<15 –1.75 (–2.33, –1.16) <0.001

Age in years
<50 reference
≥50 and <60 –0.36 (–0.79, 0.08) 0.11
≥60 and <70 –0.67 (–1.04, –0.29) 0.001
≥70 –1.38 (–1.79, –0.97) <0.001

Female –0.53 (–0.78, –0.29) <0.001
Black race –0.39 (–0.68, –0.11) 0.007
Cardiovascular disease –0.36 (–0.65, –0.08) 0.01
Stroke –1.18 (–1.60, –0.77) <0.001
Diabetes –0.24 (–0.49, 0.02) 0.07
Anemia –0.26 (–0.53, 0.01) 0.06
Vitamin D deficient –0.40 (–0.70, –0.09) 0.01
BMI, kg/m2

<25 reference
≥25 and <30 –0.09 (–0.43, 0.26) 0.63
≥30 and <35 –0.45 (–0.82, –0.09) 0.02
≥35 –0.89 (–1.27, –0.50) <0.001

Income stratum in USD
>100,000 reference

50,001–100,000 –0.44 (–0.79, –0.09) 0.01
20,001–50,000 –0.66 (–1.05, –0.28) 0.001

<20,000 –1.09 (–1.56, –0.61) <0.001
Declined response –0.57 (–0.99, –0.15) 0.008
Educational attainment

College graduate or higher reference
Some college –0.09 (–0.38, 0.20) 0.54
High school graduate –0.44 (–0.83, –0.06) 0.03
Less than high school –0.51 (–1.02, 0.01) 0.06

 Anemia categorized as <12 g/dl for women and <13 g/dl for 
men. Vitamin D deficiency categorized as <20 ng/ml.
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preserved renal function but older mean age (63 years) in 
CRIC. 

  Studies of the SPPB in community-dwelling elderly 
populations without known CKD have shown that 
0.5-point differences in SPPB are clinically meaningful, 
suggesting that the worse SPPB scores associated with se-
vere renal dysfunction in our study would predict adverse 
health outcomes such as disability  [12, 23, 37] . The mod-
est correlation between SPPB score and the physical com-
ponents score of the KDQOL supports the idea that ob-

served physical performance and self-reported function 
capture related but distinct domains of physical health in 
CKD patients.

  The prevalence of frailty (7%) and pre-frailty (43%) in 
CRIC paralleled those found in cohorts of community-
dwelling people whose ages were much older. We mea-
sured frailty using criteria developed in the CHS, a cohort 
of elderly men and women (aged 65–101 years) in which 
the prevalence of frailty was 7% and pre-frailty was 47% 
 [9] . These criteria were later validated in the Women’s 

Table 3.  Ordinal logistic regression analysis of the categorical outcome of frailty/pre-frailty/non-frailty

Characteristics Univariate analysis  Multivariable analysis

OR 95% CI p value OR 95% CI p value

eGFR in ml/min/1.73 m2

>60 reference reference
30–59 2.26 1.69, 3.04 <0.001 1.45 1.05, 1.99 0.024
15–29 3.88 2.58, 5.83 <0.001 2.02 1.29, 3.16 0.002

<15 9.17 5.09, 16.5 <0.001 4.83 2.60, 8.98 <0.001
Age ≥65 years 1.85 1.42, 2.41 <0.001
Female 1.61 1.24, 2.09 <0.001
Black race 1.50 1.13, 1.98 0.005
BMI ≥35 kg/m2 1.69 1.23, 2.31 0.001
Cardiovascular disease 1.71 1.26, 2.32 0.001
Anemia 1.63 1.22, 2.17 0.001
Diabetes 1.24 0.94, 1.63 0.13
Stroke 2.08 1.33, 3.24 0.001

 Anemia categorized as <12 g/dl for women and <13 g/dl for men.
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  Fig. 2.  Prevalence of frailty and pre-frailty, 
by category of eGFR. 
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Health and Aging Studies (aged 70–79 years), which had 
a frailty prevalence of 11%  [13] ; this high prevalence was 
likely due, in part, to the inclusion of more severely dis-
abled women through home visits. In another communi-
ty-dwelling cohort aged 65–80 years, Espinoza and Ha-
zuda  [38]  reported that 7% of individuals of European 
ancestry and 11% of individuals of Hispanic ancestry 
were frail. The similarity in the distribution of frailty sta-
tus between our CKD cohort and cohorts of older com-
munity-dwelling people suggest an ‘accelerated aging’ as-
sociated with low GFR. 

  Our study also bears comparison to the recently re-
ported results from the Seattle Kidney Study. The 336 
CKD patients in the Seattle Kidney Study had a greater 
prevalence of frailty (14%) and pre-frailty (52%) than our 
cohort. Notably, the Seattle Kidney Study assessed weight 
loss using self-report and categorized low physical activ-
ity as self-reported exercise less than once a week  [18] . In 
contrast, we determined weight loss using measured 
weights at study visits and categorized low physical activ-
ity using a systematic assessment of moderate to vigorous 
physical activities and applying gender-specific cut-
points for weekly energy expenditure that were defined 
by Fried et al.  [9] . These differences in prevalence suggest 
that the identification of frailty depends to an important 
degree on the method of assessment  [39] . However, de-
spite these differences, our results confirm the graded as-
sociation between eGFR and frailty that was reported in 
the Seattle study  [18] .

  The biological mechanisms that cause poor physical 
performance and frailty in CKD are incompletely ex-
plained. Across the spectrum of renal dysfunction, CKD 
patients are more likely to have limited physical activity 
due to comorbidities such as CVD and anemia. Advanced 
CKD is often accompanied by inflammation and cachex-
ia that promote loss of lean muscle mass and could wors-
en physical performance and promote frailty  [7, 40, 41] . 
Further, CKD is associated with abnormalities in muscle 
function (particularly in proximal muscles), morphology 
and metabolism  [42–45] . CKD patients also have elevated 
concentrations of inflammatory cytokines, including in-
terleukin-6 and tumor necrosis factor-α, that are also as-
sociated with frailty  [46] . Systemic inflammation, elevat-
ed angiotensin II levels and metabolic acidosis promote 
muscle catabolism through impaired insulin/insulin-like 
growth factor I intracellular signaling and the activation 
of caspase  [6] . These pathologic processes could limit 
physical activity and worsen physical performance.

  Black race was associated with a lower SPPB score and, 
among participants <65 years, with worse frailty status. 

Notably, the SPPB analysis was also adjusted for vitamin 
D, which has been proposed as a mediator in the associa-
tion of race and kidney disease outcomes  [47] . These as-
sociations of black race with poor physical performance 
and frailty in CKD confirm the results of other cohorts 
 [15, 32] . Interestingly, National Health and Nutrition Ex-
amination Survey data showed that black individuals <65 
years with CKD had elevated mortality  [35] , while a com-
peting risks analysis of dialysis patients revealed that 
black race was associated with a higher risk of death for 
patients <50 years but a survival advantage for patients 
 ≥ 50 years  [36] . In summary, the elevated risk of death as-
sociated with CKD among black patients may depend on 
age. Our results also reveal the possibility that frailty sta-
tus lies in the pathway of these relationships.

  Future studies should examine the relationship of 
physical performance and frailty to end points including 
mortality and hospitalization in CKD. A study in seden-
tary elderly individuals randomized to either a compre-
hensive physical activity program (aerobic, strength, bal-
ance and flexibility exercises) versus a ‘successful aging’ 
program (education and light stretching) showed that the 
comprehensive physical activity led to greater improve-
ment in SPPB scores (8.5 vs. 7.9; p < 0.001) and prevented 
mobility disability (defined as inability to walk 400 m), 
suggesting that similar interventions on CKD patients 
with poor SPPB scores or frailty could also improve health 
outcomes  [48] . Moreover, a meta-analysis of exercise in-
terventions in CKD concluded that benefits include im-
proved quality of life as well as physical fitness, blood 
pressure and nutrition  [43] . Our findings reinforce the 
need for targeted interventions in CKD that can drive im-
provements in global health measures such as frailty as 
well as hard outcomes such as death.

  We acknowledge this study’s limitations. The primary 
limitation is the cross-sectional design and the lack of 
data relating SPPB and frailty to clinical outcomes. Sec-
ond, reported medical histories likely do not fully cap-
ture relevant comorbidities, potentially resulting in re-
sidual confounding. Third, we have neither cytokine lev-
els at the time of the ancillary study visit to assess 
inflammation, nor measures of muscle mass. A fourth 
limitation is the use of eGFR rather than measured GFR. 
However, one would expect frailty to be associated with 
lower muscle mass, resulting in an overestimate of GFR, 
and likely biasing the association between eGFR and 
frailty to the null. Finally, 17% of eligible participants did 
not enroll in this ancillary study. Non-participants had 
worse renal function and evidence of worse physical 
function on the KDQOL questionnaire. It is unlikely, 
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however, that the relationships between eGFR and phys-
ical performance or frailty differ in the participants ver-
sus non-participants.

  Conclusion 

 Severity of renal dysfunction was strongly associated 
with frailty and worse physical performance in an ethni-
cally diverse cohort of CKD patients. Additionally, female 
sex, black race, CVD, elevated BMI and lower socioeco-
nomic status were identified as independent risk factors 
for poor physical function and frailty. These findings pro-
vide further evidence that frailty and physical perfor-
mance lie in the pathway between CKD and adverse 
health outcomes  [18] . Future studies should examine 
whether frailty and physical performance are useful inde-
pendent predictors of survival, hospitalization, disability 
and other important end points in CKD. Lastly, measures 
of physical performance and frailty might identify CKD 
patients who would benefit from interventions involving 
physical therapy, nutrition or novel anti-inflammatory 
therapies.
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