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Rationale & Objective: Patients with kidney failure
have poor physical performance, but its trajectory
is less clear. We examined physical function over
the course of kidney disease, including the transi-
tion to dialysis.

Study Design: Observational cohort.

Setting & Participants: Community-dwelling
adults aged ≥45 years in the Brain in Kidney Dis-
ease (BRINK) cohort study.

Predictors: Estimated glomerular filtration rate
(eGFR) and urine albumin to creatinine ratio
(UACR).

Outcomes: Change in physical performance using
the Short Physical Performance Battery (SPPB)
(primary) and gait speed (secondary).

Analytical Approach: Linear mixed effects
regression models.

Results: The analytical cohort included 562 par-
ticipants with mean age of 69.3 (SD, 9.8) years
followed for up to 63 months. In total, 49.8% were
women. In addition, 79.9% self-identified as White,
and 15.3% self-identified as Black. In total, 48.8%
had diabetes. Mean eGFR at baseline was 48.1
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(SD, 24.3) mL/min/1.73 m2. In unadjusted
analysis, lower eGFR was associated with
greater decline in SPPB score (P trend < 0.001).
The decline in SPPB score was larger among
participants with lower eGFR, with a gradient
from -0.15 (95% CI, -0.23 to -0.07) points per
year for participants with eGFR ≥60 mL/min/
1.73 m2 to -0.56 (95% CI, -0.84 to -0.27) for
participants with eGFR <15 mL/min/1.73 m2 and
-0.61 (95% CI, -0.90 to -0.33) after dialysis
initiation. In covariate-adjusted models, SPPB did
not continue to decline after dialysis initiation. In
secondary analyses evaluating change in gait
speed, gait speed continued to decline after
dialysis initiation. Higher UACR was also
associated with a greater decline in SPPB score
and gait speed in unadjusted and adjusted models.

Limitations: Small number of participants started
dialysis.

Conclusions: We found a graded association of
chronic kidney disease stage and albuminuria with
decline in physical performance. The decline in
SPPB was not accelerated after dialysis initiation
in covariate-adjusted models, whereas gait speed
continued to decline.
Physical performance is considerably worse among
patients with kidney failure than among age-matched

individuals without kidney failure.1 These physical limi-
tations have been linked to difficulty performing activities
of daily living and low quality of life.2 However, the
“trajectory” of decline in physical function during the
course of chronic kidney disease (CKD) is less clear. Most,
but not all, cross-sectional studies have reported worse
physical function among individuals with lower estimated
kidney function.3-6 However, these studies do not provide
information about the rate of decline at different stages of
kidney disease, which is important because decline may
not be constant across stages of kidney disease. Such a
nonlinear trajectory was recently reported for body weight
and lean body mass, which are likely related to physical
function.7 Body composition remained relatively stable
among participants in the Chronic Renal Insufficiency
Cohort until estimated glomerular filtration rate (eGFR)
reached approximately 35 mL/min/1.73 m2, after which
body weight and lean body mass decreased linearly with
further eGFR decline. Understanding how physical func-
tion changes among individuals with CKD could help
elucidate the pathophysiology of physical function decline
and direct interventions to improve function or prevent
decline.

The effect of dialysis initiation on physical function is
also not clear. A seminal study among older nursing home
residents initiating dialysis showed a large decrease in
functional status around the time of dialysis initiation
followed by continued decline thereafter, but few studies
have focused on community-dwelling individuals with
CKD.8 In cross-sectional analysis of the Brain in Kidney
Disease (BRINK) study cohort at baseline, eGFR was not
associated with physical performance, whereas higher
urine albumin to creatinine ratio (UACR) was associated
with decreased physical performance.6 Recently, in-
vestigators in the Canadian Frailty Observation and In-
terventions Trial (CanFIT) reported that transition to
dialysis was associated with accelerated decline in physical
function, but this study was based on only a single
assessment before dialysis initiation and a single follow-up
assessment, separated by a median of 1.7 years.9 Thus, it
was not possible to determine how much of the decline
1
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PLAIN-LANGUAGE SUMMARY
Physical function is an important patient-centered
outcome in chronic kidney disease (CKD), but
whether physical performance changes as kidney dis-
ease progresses or when patients start dialysis is not well
understood. We found that measures of physical per-
formance, like strength and walking speed, worsened as
kidney disease worsened. However, 1 combination of
physical performance tests appeared stable (rather than
getting worse) after starting dialysis compared to those
with very advanced CKD who had not yet started dial-
ysis, while gait speed continued to get worse. This in-
formation may help counsel patients who are learning
about CKD and considering treatment options. It may
also help guide research on interventions to improve
physical function in patients with CKD.
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occurred before and how much after dialysis initiation.
These results are compatible with an acute decline around
the time of dialysis initiation, a more rapid decline after
dialysis initiation, or both.

The BRINK study is a multicenter observational cohort
study designed to examine the association between CKD
and cognitive function and other geriatric outcomes.10 We
leveraged longitudinal assessment of physical function
using the Short Physical Performance Battery (which in-
cludes tests of gait speed, chair standing, and balance) at
annual BRINK study visits to examine the trajectory of
physical performance over the course of kidney disease,
including the transition to dialysis. We hypothesized that
physical function would decline more rapidly among in-
dividuals with more advanced kidney disease than among
those with less severe disease and that the decline would
continue after initiation of dialysis.
METHODS

Study Participants

The BRINK study included 574 community-dwelling
adults 45 years of age or older in Minnesota.10 To
ensure that participants with a wide range of eGFR were
included, participants were enrolled in groups based on
eGFR: <45 mL/min/1.73 m2, 45 to 59 mL/min/1.73 m2,
and ≥60 mL/min/1.73 m2 (“controls”). At the time of
enrollment, no participants had received a transplant or
were on any form of kidney replacement therapy. The
baseline study visit included serum creatinine and UACR
measurement as well as physical performance measures.
Participants attended annual comprehensive (same as
baseline) follow-up assessments and phone call visits every
6 months for up to 8 years. For those that initiated kidney
replacement therapy with dialysis during follow-up, a
postdialysis in-person visit was scheduled within 1-3
2

months after dialysis initiation and every 6 months
thereafter. Physical performance was assessed at annual and
biannual follow-up visits before and after starting kidney
replacement therapy, respectively; therefore, these are the
visits included in this analysis. The institutional review
boards of each institution approved the study, and all
participants provided written informed consent (Veterans
Administration IRB #4364-B, Hennepin Healthcare
Research Institute IRB #11-3393, University of Minnesota
IRB #1203M11122, and Health Partners IRB #A12-282).

Sociodemographic, Laboratory, and Clinical

Measures

Primary Predictors
The primary predictor was eGFR. In this analysis, we used
the creatinine-based 2021 Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation, which does
not include a race adjustment factor, to estimate GFR.11,12

eGFR was then categorized by CKD stage as follows: ≥60,
45-59, 30-44, 15-29, and <15 mL/min/1.73 m2 as
well as dialysis dependent. The secondary predictor,
UACR, was categorized into 3 categories: <30, 30-299,
and ≥300 mg/g.

Covariates
Sociodemographic covariates included age, sex, race, and
years of education. Race was self-reported and categorized
as White, Black, and other. Laboratory values obtained at
the baseline and annual or biannual follow-up assessments
included serum creatinine (calibrated to isotope-dilution
mass spectrometry), hemoglobin A1c, and urine albumin
and creatinine concentrations. Nonfasting blood samples
were obtained and stored at -80� within 2 hours. All
analytes were processed and measured centrally by a
Clinical Laboratory Improvement Amendments-certified
laboratory.

Comorbid conditions, including diabetes and heart
failure, were identified using laboratory measurements,
medical history questionnaires, and participants’ electronic
medical record. Diabetes was defined as a nonfasting glu-
cose ≥200 mg/dL, hemoglobin A1c ≥6.5%, self-reported
diabetes, or antidiabetic drugs on the medication list.
Body mass index was calculated from measured height and
weight. Cognitive impairment was measured using the
global cognitive impairment score, as defined by having a
T-score <35 for any of the 3 domains (memory, executive
function, or language).

Physical Performance
Physical performance was assessed using the Short Physical
Performance Battery (SPPB), which includes tests of bal-
ance, chair standing, and gait speed.13 Balance was assessed
while participants stood with their feet in a side-by-side
position, a semi-tandem position, and a tandem position.
Participants were asked to stand from a chair 5 times as
quickly as they were able without using their arms, and the
Kidney Med Vol 6 | Iss 2 | February 2024 | 100770
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time was recorded in seconds. Gait speed (meters/sec) was
measured over 4 meters at a participant’s usual speed. Each
test was scored on a scale of 0-4 (with 4 indicating best
performance) and summed for a maximum score of 12.

Statistical Analysis

We excluded participants with missing baseline eGFR or
UACR and those with baseline SPPB scores of 0 (meaning
that they were unable to stand at baseline). Participant
characteristics at baseline were reported as mean ± -
standard deviation (SD) or percentage and were stratified
by the primary exposure (eGFR category) and, separately,
by the secondary exposure (UACR category). The primary
outcome was SPPB score, and the secondary outcome was
gait speed; each were analyzed continuously. In the pri-
mary analysis, we used linear mixed effects regression to
model the association of eGFR category with change in
SPPB score over time. Mixed linear effects modeling is
useful for repeated longitudinal measures, where these
repeated measures in 1 individual are not independent.14

We used an unbalanced longitudinal design, with time
modeled continuously. Each model included terms for
time, eGFR, each covariate, the product of time and eGFR,
and the products of time and each covariate. After initially
exploring model fit based on the Akaike and Bayesian in-
formation criteria (Table S1), our final models included a
random intercept to allow for individual variation in
baseline physical performance and used a first-order
autoregressive covariance structure to account for corre-
lation due to repeated measures across study visits. Anal-
ogously, we also constructed separate models to examine
the associations of eGFR category with change in gait
speed, UACR category with change in SPPB score, and
UACR category with change in gait speed. To test for linear
trends across the eGFR and UACR categories, we modeled
the exposure (eGFR or UACR category) ordinally. For
participants who initiated dialysis during the study, UACR
data from study visits conducted after dialysis initiation
were not included in data analyses.

A series of models was iteratively adjusted for cova-
riates. Model 1 was unadjusted. In Model 2, we adjusted
for age, sex, race, and years of education to assess how the
addition of demographic variables impacted the crude as-
sociation. Model 3 was additionally adjusted for medical
and comorbid conditions, including body mass index,
diabetes, heart failure, and cognitive impairment. Co-
morbid conditions were selected a priori based on prior
analyses and likely association with physical performance
to limit the number of covariables relative to the sample
size.6 We updated the exposure, outcome, and non-
sociodemographic covariates at follow-up visits. In cases
when a participant attended a follow-up visit but had some
missing variables, data were imputed using the last
observation carried forward method. Except in the case of
body mass index, imputed data were never carried for-
ward, meaning that a sequential visit with missing data
was excluded from the analysis. Data not imputed for visits
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that were completely missed. The most common reason
for missed visits was illness or hospitalization.

To assess the combination of eGFR and UACR, we
conducted a sensitivity analysis using Kidney Disease:
Improving Global Outcomes (KDIGO) risk category
(which encompasses both eGFR and UACR) as a predictor
variable, using the same analytic approach described
above.15
RESULTS

Of the 574 participants in the BRINK cohort, 5 had missing
baseline SPPB score, eGFR, or UACR. In addition, 2 had
other missing covariates, and 5 had a baseline SPPB score
of 0, resulting in an analytical cohort of 562 participants
included in the analysis, for a total of 1,902 person-visits.
For the primary SPPB analysis, participants were followed
for up to 63 months, with a mean follow-up time of 31.1
months. Of these 562 participants, 39 initiated dialysis and
had at least 1 follow-up visit after dialysis initiation, with a
mean follow-up time of 33.5 (SD, 15.5) months and 2.3
(SD, 1.7) follow-up visits.

Participant Characteristics

Baseline characteristics of the cohort overall and by eGFR
category and UACR category are shown in Tables 1 and 2.
The mean age of the cohort was 69.3 (SD, 9.8) years, and
49.8% were women. In total, 79.9% self-identified as
White, 15.3% as Black, and 4.8% as another race.
Approximately half of the cohort (48.8%) had diabetes,
and the mean eGFR of the cohort at baseline was 48.1 (SD
24.3) mL/min/1.73 m2. The UACR median was 25.5 mg/
g (25th and 75th percentiles, 0 and 218.8). Participants
with the lowest kidney function (eGFR <15 mL/min/
1.73 m2) tended to be younger (mean age 61.9 [SD 10.6]
years). Black race, male sex, and diabetes were also more
common among participants with worse kidney function.
Similar patterns in the distributions of these covariates
were also observed for participants with elevated albu-
minuria. The mean SPPB score at baseline was 9.5 (SD,
2.5) points, and the mean gait speed was 0.95 (SD, 0.27)
m/s. The overlap between UACR and eGFR at each person
visit is shown in Table S2. In total, 724 (40.2%) partici-
pants were in the very high-risk category, 435 (24.2%)
were low risk, 266 (14.8%) were moderately high risk,
and 376 (20.9%) were high risk.

Association Between eGFR and Change in Physical

Performance

In the unadjusted model, lower eGFR was associated with
greater yearly mean decline in SPPB score (P trend <0.001)
(Fig 1, Model 1). The mean decline in SPPB score was
larger among participants with lower eGFR, with a
gradient from -0.15 (95% confidence interval [CI], -0.23
to -0.07) points per year for participants with
eGFR ≥60 mL/min/1.73 m2 to -0.56 (95% CI, -0.84 to
-0.27) for participants with eGFR <15 mL/min/1.73 m2
3



Table 1. Baseline Characteristics, Overall and by eGFR Category

Characteristic
Overall
(N = 562)

eGFR ≥60 mL/
min/1.73 m2 (N = 145)

eGFR 45-<60 mL/
min/1.73 m2 (N = 96)

eGFR 30-<45 mL/
min/1.73 m2 (N = 191)

eGFR 15-<30 mL/
min/1.73 m2 (N = 106)

eGFR <15 mL/
min/1.73 m2 (N = 24)

SPPB, mean (SD) 9.5 (2.5) 10.2 (2.3) 9.2 (2.8) 9.5 (2.5) 9.0 (2.6) 9.0 (2.7)
Gait speed (m/s),
mean (SD)

0.95 (0.27) 1.02 (0.25) 0.94 (0.29) 0.93 (0.26) 0.91 (0.27) 0.98 (0.25)

eGFR (mL/min/
1.73 m2), mean
(SD)

48.1 (24.3) 83.5 (12.9) 51.6 (4.2) 37.6 (4.1) 23.6 (4.2) 11.9 (2.7)

UACR (mg/g),
mean (SD)

367.0 (947.9) 41.8 (162.0) 151.4 (571.0) 299.0 (667.6) 826.7 (1282.7) 1703.4 (2339.6)

Age (years) mean
(SD)

69.3 (9.8) 67.9 (9.8) 70.5 (9.2) 70.4 (9.6) 69.7 (9.5) 61.9 (10.6)

Female sex, N (%) 280 (49.8) 82 (56.6) 48 (50.0) 101 (52.9) 44 (41.5) 5 (20.8)
Race, N (%)
White 449 (79.9) 117 (80.7) 78 (81.3) 161 (84.3) 80 (75.5) 13 (54.2)
Black 86 (15.3) 20 (13.8) 12 (12.5) 21 (11.0) 23 (21.7) 10 (41.7)
Other 27 (4.8) 8 (5.5) 6 (6.3) 9 (4.7) 3 (2.8) 1 (4.2)

Education (years),
mean (SD)

14.3 (2.7) 15.1 (2.6) 14.4 (3.0) 14.3 (2.6) 13.5 (2.6) 13.1 (2.5)

BMI (kg/m2), mean
(SD)

31.4 (7.2) 29.6 (6.9) 32.4 (7.8) 32.1 (7.3) 31.5 (6.4) 31.2 (8.9)

DM, N (%) 274 (48.8) 61 (42.1) 46 (47.9) 90 (47.1) 63 (59.4) 14 (58.3)
Moderate to
severe CI, N (%)

159 (28.3) 37 (25.5) 22 (22.9) 47 (24.6) 41 (38.7) 12 (50.0)

CHF, N (%) 79 (14.1) 7 (4.8) 15 (15.6) 34 (17.8) 18 (17.0) 5 (20.8)
Hemoglobin (g/
dL), mean (SD)

13.0 (1.7) 13.8 (1.2) 13.3 (1.3) 12.9 (1.6) 12.0 (1.9) 11.3 (1.7)

Systolic BP (mm
Hg), mean (SD)

132 (18.5) 129 (17.3) 130 (14.6) 133 (17.9) 136 (19.8) 142 (28.8)

Abbreviations: BMI, body mass index; BP, blood pressure; CHF, congestive heart failure; CI, cognitive impairment; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate using creatinine; SD, standard deviation; SPPB,
short physical performance battery; UACR, urine albumin to creatinine ratio.
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Table 2. Baseline Characteristics by UACR Category

Characteristic
UACR <30 mg/g
(N = 294)

UACR 30-<300
mg/g (N = 150)

UACR ≥300 mg/g
(N = 118)

SPPB, mean (SD) 10.0 (2.3) 8.9 (2.6) 9.0 (2.7)
Gait speed (m/s), mean (SD) 0.99 (0.25) 0.90 (0.28) 0.93 (0.29)
eGFR (mL/min/1.73 m2), mean (SD) 58.3 (23.9) 41.6 (20.6) 30.9 (15.2)
UACR (mg/g), mean (SD) 4.5 (8.6) 104.8 (70.6) 1,603.4 (1,530.1)
Age (years), mean (SD) 69.9 (9.6) 70.5 (9.8) 66.1 (9.7)
Female sex, N (%) 179 (60.9) 61 (40.7) 40 (33.9)
Race, N (%)
White 250 (85.0) 114 (76.0) 85 (72.0)
Black 30 (10.2) 29 (19.3) 27 (22.9)
Other 14 (4.8) 7 (4.7) 6 (5.1)

Education (years), mean (SD) 14.7 (2.7) 14.1 (2.6) 13.7 (2.8)
BMI (kg/m2), mean (SD) 30.9 (7.2) 31.2 (7.4) 32.7 (7.0)
DM, N (%) 107 (36.4) 85 (56.7) 82 (69.5)
Moderate to severe CI, N (%) 68 (23.1) 51 (34.0) 40 (33.9)
CHF, N (%) 23 (7.8) 32 (21.3) 24 (20.3)
Hemoglobin (g/dL), mean (SD) 13.4 (1.4) 12.8 (1.8) 12.2 (1.8)
Systolic BP (mm Hg), mean (SD) 128 (17.2) 134 (16.9) 141 (20.1)
Abbreviations: BMI, body mass index; BP, blood pressure; CHF, congestive heart failure; CI, cognitive impairment; DM, diabetes mellitus; eGFR, estimated glomerular
filtration rate using creatinine; SD, standard deviation; SPPB, short physical performance battery; UACR, urine albumin to creatinine ratio.
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and -0.61 (95% CI, -0.90 to -0.33) after dialysis initiation.
This pattern persisted, but was attenuated, in covariate-
adjusted models. In the fully adjusted model that
included age, sex, race, education, body mass index,
Figure 1. Yearly mean change in short physical performance batte
562 participants. Model 1 is unadjusted. Model 2 is adjusted for ag
body mass index, diabetes, heart failure, and cognitive impairment.
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diabetes, heart failure, and cognitive impairment, the
yearly mean change in SPPB score was -0.04 (95% CI,
-0.17 to 0.09) for participants with eGFR ≥60 mL/min/
1.73 m2, -0.47 (95% CI, -0.76 to -0.17) for participants
ry (SPPB) score by level of kidney function using eGFRCr among
e, sex, race, and years of education. Model 3 is also adjusted for
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Figure 2. Yearly mean change in gait speed (m/s) by level of kidney function using eGFRCr among 557 participants. Model 1 is un-
adjusted. Model 2 is adjusted for age, sex, race, and years of education. Model 3 is also adjusted for body mass index, diabetes, heart
failure, and cognitive impairment.
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with eGFR <15 mL/min/1.73 m2, but only -0.38 (95%
CI, -0.68 to -0.08) for participants requiring dialysis
(Fig 1, Model 3).

In secondary analyses evaluating the association between
eGFR and change in gait speed over time, results were
similar. Lower eGFR category was associated with greater
annual decline in gait speed in the unadjusted model with a
gradient from -0.015 (95% CI, -0.024 to -0.007) m/s/year
for participants with eGFR ≥60 mL/min/1.73 m2 to -0.048
(95% CI, -0.076 to -0.020) for participants with
eGFR <15 mL/min/1.73 m2. However, the mean decline
in gait speed was also greater after dialysis initiation
(-0.069 [95% CI, -0.097 to -0.041]) than when eGFR
was <15 mL/min/1.73 m2 (Fig 2, Model 1). The rela-
tionship remained consistent with iterative adjustment for
sociodemographic factors (P trend = 0.002, Model 2) and
comorbid conditions (P trend < 0.001) (Fig 2, Model 3). In
the fully adjusted model, mean gait speed decline was
-0.035 (95% CI, -0.063 to -0.007) m/s/year among
participants with eGFR <15 mL/min/1.73 m2 and -0.058
(95% CI, -0.087 to -0.029) m/s/year among participants
on dialysis.

Association Between UACR and Change in Physical

Performance

Higher UACR category was associated with a greater
decline in SPPB score in the unadjusted model as well as in
models additionally adjusted for sociodemographic factors
and comorbid conditions. Adjusted mean annual decline in
6

SPPB score was -0.04 (95% CI, -0.16 to 0.08) points for
participants with UACR <30 mg/g and -0.30 (95% CI,
-0.44 to -0.17) points for participants with
UACR ≥300 mg/g (Fig 3, Model 3). Similarly, higher
UACR category was associated with greater annual mean
gait speed decline after adjustment for sociodemographic
factors and comorbidities (Fig 4).

Association Between KDIGO Risk Category and

Physical Performance Measures

In sensitivity analyses using the KDIGO risk score incor-
porating both UACR and eGFR, results were similar.
KDIGO risk category was associated with a graded associ-
ation between KDIGO risk score and both for both SPPB
and gait speed (Table S3).
DISCUSSION

In this longitudinal analysis of the association between
kidney function and physical performance, we found that
more advanced CKD stage was associated with a greater
decline in SPPB score even after adjusting for demographic
factors and comorbid conditions. Findings were similar in
analyses of the association between CKD stage and gait
speed. Similarly, in secondary analyses of the association
between albuminuria and physical performance measures,
higher levels of albuminuria were associated with greater
declines in both SPPB and gait speed. Notably, in the
analysis of CKD stage, the estimated decline in physical
Kidney Med Vol 6 | Iss 2 | February 2024 | 100770



Figure 3. Yearly mean change in short physical performance battery (SPPB) score by urine albumin to creatinine ratio (UACR)
among 562 participants. Model 1 is unadjusted. Model 2 is adjusted for age, sex, race, and years of education. Model 3 is also
adjusted for body mass index, diabetes, heart failure, and cognitive impairment.
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performance measures appeared to worsen markedly be-
tween stage 4 and stage 5 CKD. However, the estimated
SPPB decline was similar among participants with stage 5
CKD and those on dialysis, suggesting that some decline in
physical performance may stabilize after dialysis initiation
in this population of community-dwelling older adults.
However, in the secondary analysis evaluating only gait
speed, the decline in gait speed persisted after dialysis
initiation.

Counseling and treatment methods for individuals with
CKD are increasingly focused on patient-centered metrics
of health, including physical function, which is linked to
physical performance measures. Patients learning about
and considering treatment options for advanced CKD may
want to know that physical performance declines more as
patients progress from stage 4 to stage 5 CKD. In addition,
the landmark study showing worsening physical function
Figure 4. Yearly mean change in gait speed (m/s) by urine albumin
unadjusted. Model 2 is adjusted for age, sex, race, and years of ed
heart failure, and cognitive impairment.
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in older adult residing in care facilities increased awareness
of the fact that some older adults may not functionally
benefit from dialysis initiation.8 It is notable that in this
study of community-dwelling older adults, the decline in 1
physical performance measure did not worsen between
stage 5 CKD and dialysis-dependent end-stage kidney
disease, while gait speed did continue to decline.

Our findings produced both similar and contrasting
results with the CanFIT study of 386 individuals with
eGFR <30 mL/min/1.73 m2, which assessed physical
function at the study visit before and the study visit after
dialysis initiation compared with physical function
changes among those who did not start dialysis.9 That
study reported a larger increase in chair stand time among
the 162 individuals who progressed to dialysis. Unlike our
study, they found no differences in change in gait speed
between the advanced CKD and dialysis initiation groups,
to creatinine ratio (UACR) among 557 participants. Model 1 is
ucation. Model 3 is also adjusted for body mass index, diabetes,

7
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nor did they find a difference in grip strength. These mixed
results are difficult to interpret and contrast somewhat
with our findings. However, we did not assess chair stand
independently but rather included it as part of the SPPB
score. Taken together, these analyses suggest that
community-dwelling older adults may experience accel-
erated decline in physical performance in the late stages of
CKD but may or may not experience further accelerated
decline after dialysis initiation. This study is not able to
determine the reason for this finding. It may be that
dialysis initiation mitigates some of the adverse effects of
uremia on physical performance. It is also possible that
patients have already exhausted their muscle and func-
tional ‘reserve’ before they initiate dialysis.

The interplay between eGFR and UACR and their as-
sociations with physical performance measures are com-
plex. In a cross-sectional analysis of the baseline BRINK
cohort, we found that UACR but not eGFR was associated
with SPPB after adjusting for covariates, suggesting that
inflammation and epithelial cell function may be a more
important contributor than filtration rate alone.6

Conversely, in this longitudinal analysis, there was a
dose-response noted between CKD stage by eGFR and
declining physical performance, wherein those with stage
5 CKD and on dialysis declined more rapidly than those
with eGFR ≥60 mL/min/1.73 m2. In our sensitivity anal-
ysis using KDIGO risk category (which encompasses both
eGFR and UACR) as a predictor, results were similar,
suggesting that both eGFR and UACR are important factors
in physical performance measures.

Studies evaluating the impact of progressive CKD are
critical to counseling patients but are often challenged by
the number of years required to detect a measurable
change in outcomes. Indeed, the clinically significant
decrease in SPPB of 3 points among patients with CKD
stage 5 would occur over the course of approximately 6
years according to the annual decline noted in our analysis.
In addition, longitudinal cohorts of CKD patients that
continue to follow outcomes after dialysis initiation are
extremely rare, making it difficult to counsel patients about
what to expect after dialysis initiation.

Although this analysis represents one of the few pro-
spective cohorts of community-dwelling patients with
CKD including progression to dialysis, it does have some
important limitations. The number of participants in the
cohort who started dialysis was small, making adjusted
analyses difficult. It is possible that the small sample size
resulted in a lack of statistical significance between the
physical function estimates for CKD stage 5 and the pa-
tients on dialysis, although the point estimates were also
similar. Similarly, the total follow-up time after dialysis
initiation was short, which may have limited detection of a
change in physical performance trajectory; however, as-
sessments were made more frequently after dialysis initi-
ation. Second, this study uses estimated, rather than
measured GFR. Most participants were of White race, and
approximately 16% of the participants were Black. Given
8

that kidney disease disproportionately affects non-White
patients, additional studies inclusive of more non-White
participants are needed. The models evaluate the associa-
tion between kidney disease and physical performance.
However, the association may be bidirectional, and these
models cannot infer causality. Survival bias may also have
impacted the results; a sensitivity analysis was attempted
using inverse probability of attrition weighting in an
attempt to address this issue, but the data collection
schedule in the BRINK study was not ideal for this analysis.
However, the point estimates were very similar, suggesting
that survivor bias was not a strong factor in the results.
Finally, although we adjusted for a range of sociodemo-
graphic and medical confounders, unmeasured con-
founders may exist. Larger studies might allow for the
evaluation of models with more covariables, including
more comorbid conditions.

In conclusion, we found a graded association of both
CKD stage and albuminuria with decline in physical per-
formance measures as assessed by SPPB and gait speed, but
the decline in SPPB did not appear to accelerate after
dialysis initiation. Additional studies of community-
dwelling adults who initiate dialysis with longer follow-
up time will assist in counseling patients with CKD who
are considering treatment options for kidney failure. These
data would also inform the development and evaluation of
interventions targeted at improving physical function in
patients with CKD.
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