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Rationale & Objective: Chronic kidney disease
(CKD) is associated with impaired physical per-
formance. However, the association between
albuminuria, a marker of vascular endothelial
dysfunction, and physical performance has not
been fully characterized. We hypothesized that
estimated glomerular filtration rate (eGFR) and
albuminuria would be independently associated
with physical performance.

Study Design: Cross-sectional analysis.

Setting & Participants: A total of 571 adults with
and without CKD.

Predictors: Creatinine-based eGFR (eGFRCr) and
cystatin C-based eGFR (eGFRCysC) and urine al-
bumin to creatinine ratio (UACR).

Outcome: Short Physical Performance Battery
(SPPB).

Analytical Approach: Univariate and multivariable
logistic regression models were used to examine
associations of eGFR and UACR with impaired
physical performance.

Results: Of the 571 participants (mean age, 69.3
years), 157 (27.5%) had eGFRCr (mL/min/
1.73m2) <30, 276 (48.3%) had eGFRCr 30-<60,
and 138 (24.2%) had eGFRCr ≥60; 303 (55.3%)
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participants had eGFRcysC <30, 141 (25.7%) had
eGFRcysC 30-<60, and 104 (19.0%) had eGFR-
cysC ≥60. Impaired physical performance was
observed in 222 (38.9%) participants. Separate
univariate analyses showed that lower eGFRCr,
lower eGFRCysC, and higher UACR were associ-
ated with higher odds of impaired physical perfor-
mance. In the adjusted model with eGFRCr or
eGFRCysC, UACR, and covariates, UACR retained
a statistically significant association with impaired
physical performance (adjusted odds ratio [OR],
2.04; 95% confidence interval [CI], 1.21-3.47 for
UACR from 30-300 mg/g vs <30 mg/g and
adjusted OR, 1.93; 95% CI, 1.01-3.69 for UACR
>300 mg/g vs <30 mg/g), but eGFRCr and
eGFRCysC did not.

Limitations: Cross-sectional analysis, estimated
rather than measured GFR.

Conclusions: Only UACR was associated with
worse physical performance in the fully adjusted
model, suggesting that vascular endothelial func-
tion and inflammation may be important mecha-
nisms of decreased physical function. Similar
results were found using eGFRCr or eGFRCysC,
suggesting that confounding based on muscle
mass does not explain the lack of an association
between eGFRCr and physical performance.
Half of the US population is expected to develop
chronic kidney disease (CKD) during their lifetime,1

and nearly 500 million adults are living with CKD glob-
ally.2 The association between CKD and a higher risk of
mortality has been well described;3-5 however, the kidney
research community has recognized a need to focus on
patient-centered measures, such as maintaining higher
levels of physical function. Better physical performance is
associated with greater independence and better patient-
reported quality of life,6 and worse physical performance
is associated with poor clinical outcomes and mortality in
patients with CKD.7,8

The association between CKD and outcomes such as
physical performance may be complicated given the
multitude of potential contributors, such as decreased
glomerular filtration rate (GFR), a state of heightened
inflammation, and comorbid conditions. Therefore, the
identification of factors associated with decreased physical
performance may help in the clinical care and decision-
making for patients with CKD. Furthermore, CKD has
been linked to a higher incidence and prevalence of frailty,
which includes physical activity and walking speed.9,10

However, whether these associations are related to the
degree of reduction in GFR is unclear. Other studies have
reported an association between lower estimated GFR
(eGFR) and decreased physical performance.11-13 In the
Health, Aging, and Body Composition (Health ABC) study,
individuals with higher cystatin C (CysC) levels had a
higher risk of functional limitation independent of co-
morbid conditions, but the association was attenuated by
markers of inflammation.13 Importantly, this study
included few patients with advanced CKD. In participants
of Invecchiare in Chianti (InCHIANTI), another cohort
study of community-dwelling elders, lower creatinine
clearance was associated with slower walking speed and
reduced quadriceps strength in a graded manner.14

Conversely, Walker et al15 found no association between
creatinine-based eGFR (eGFRCr) and physical function in
participants with advanced CKD in the Canadian Frailty
Observation and Interventions Trial (CANFit), whereas
diabetes was strongly associated with lower physical per-
formance. Among participants in the Cardiovascular Health
Study (CHS), lower eGFR estimated using cystatin C
(eGFRCysC) was associated with a higher incidence and
prevalence of frailty, but eGFRCr was not,

10 suggesting that
the lack of association between eGFR and outcomes that
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PLAIN-LANGUAGE SUMMARY
The kidney research community has recognized the
need to focus on patient-centered measures in patients
with chronic kidney disease (CKD), with the goal of
improving the quality of life. Better physical perfor-
mance is associated with greater independence and
improved quality of life. The association between CKD
and physical performance is complex given the state of
increased inflammation and comorbid conditions. In
this study, we found that albuminuria was associated
with decreased physcial performance after adjusting for
potential confounders and that kidney function esti-
mated using creatinine-based estimated glomerular
filtration rate (eGFR) or cystatin C-based eGFR were
not. This finding suggests that albuminuria and endo-
thelial function may be important therapeutic targets to
reduce the risk of impaired physical function in patients
with CKD.
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include measures of physical performance might be related
to confounding based on the association between serum
creatinine concentration (and thus eGFRCr) and muscle
mass.

In addition to the uncertainty regarding a graded as-
sociation between eGFR and physical performance, the
association between albuminuria and physical perfor-
mance has not been well explored. Albuminuria is asso-
ciated with inflammation in patients with CKD16 and has
been shown to be strongly associated with progression of
kidney disease, progression of cardiovascular disease,
cognitive impairment, and mortality.17-20 However, few
previous studies evaluating the relationship between CKD
and physical performance have included measures of
albuminuria. Interestingly, one of the few studies investi-
gating the associations between CKD and functional status
that included albuminuria and eGFR in their multivariable
analyses found that albuminuria, but not eGFR, was
associated with slow gait speed.21

To better understand the relatioship among kidney
function, albuminuria, and physical performance, we
examined the association between eGFRCr and reduced
physical performance with and without albuminuria in the
models, measured as urine albumin to creatinine ratio
(UACR). We also examined whether these associations
differed when GFR was estimated using cystatin C rather
than using creatinine.
METHODS

Study Participants

The Brain in Kidney Disease (BRINK) study is a multisite
observational cohort study that was designed to examine
the association between CKD and cognitive impairment, as
2

well as other geriatric outcomes. Participants included 574
community-dwelling adults in Minnesota of ≥45 years of
age.22 To ensure that participants with a wide range of
eGFR were included, participants were enrolled in groups
based on eGFR: <45 mL/min/1.73m2, 45-<60 mL/min/
1.73m2, and ≥60 mL/min/1.73m2 (controls). No partic-
ipant had received a transplant or was undergoing any
form of kidney replacement therapy at the time of
enrollment. The Institutional Review Boards of each
institution approved the study, and all participants pro-
vided written informed consent (Veterans Administration
IRB #4364-B, Hennepin Healthcare Research Institute IRB
#11-3393, University of Minnesota IRB #1203M11122,
Health Partners IRB #A12-282).

Laboratory and Clinical Evaluation

Laboratory values obtained at the baseline assessment
included serum creatinine (calibrated to IDMS), cystatin C,
hemoglobin, albumin, hemoglobin A1c, and urine albu-
min and creatinine concentrations. Nonfasting blood
samples were obtained and stored at -80� within 2 hours
of collection. All analyses were performed centrally by a
CLIA-certified laboratory. Cystatin C was measured as a
2-plex by Luminex using magnetic beads (R&D Systems).
The CKD-EPI equation was used to calculate eGFRCr
without inclusion of the coefficient for Black race.
The CKD-EPI cystatin C equation was used to calculate
eGFRcysC.

23-25

Comorbid conditions, including a history of stroke or
transient ischemic attack (TIA), were obtained from the
participants’ electronic medical records and medical his-
tory questionnaires. Diabetes mellitus (DM) was defined as
a nonfasting glucose level of ≥200 mg/dL, A1c of ≥6.5%,
self-reported DM, or the prescription of DM medications.
For this analysis, “controlled” diabetes was defined as a
hemoglobin A1c of <7.5%. Body mass index (BMI) was
calculated from measured height and weight. Blood pres-
sure was measured 3 times using an automated cuff while
the participant sat at rest. Years of education, tobacco use
history, cardiovascular disease (CVD), and congestive heart
failure (CHF) were obtained from the medical history
questionnaire.22,26

Physical Performance

Physical performance was assessed using the Short Physical
Performance Battery (SPPB),27 which includes tests of
balance, chair standing, and gait speed. Balance is assessed
while participants stand with their feet in a side-by-side
position, a semi-tandem position, and a tandem position.
Participants are asked to stand from a chair 5 times as
quickly as they are able without using their arms, and the
time taken to stand is recorded in seconds. Gait speed
(meters/seconds) is measured over 4 meters at the par-
ticipants’ usual speed. Each test is scored on a scale of 0-4
(with 4 indicating best performance) and summed for a
maximum total score of 12. We considered an SPPB score
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of ≥10 to represent normal physical performance. The
same cutoff was used in a previous study investigating
physical performance in patients with CKD.15 Further, an
SPPB score of <10 has been shown to predict admission to
a long-term care facility and all-cause mortality among
older community-dwelling adults.27,28

Statistical Analysis

This cross-sectional analysis was performed using baseline
data from the BRINK study cohort. The primary predictors
were eGFRCr, eGFRCysC, and UACR. The primary outcome
was an SPPB score of <10 (vs SPPB score of ≥10); the
secondary outcomes were total SPPB score and gait speed.
Covariates examined included sex, Black race (vs other
races), hemoglobin ≤12 g/dL vs > 12 g/dL, serum bi-
carbonate <20 mEq/L vs ≥20 mEq/L, tobacco use (never,
former, or current), serum albumin <4 g/dL vs ≥4 g/dL,
BMI <25, 25-<30, or ≥30 kg/m2, pulse pressure (systolic
blood pressure minus diastolic blood pressure) as a
continuous variable, DM (none, controlled, or not
controlled), and history (yes or no) of CHF, CVD, and
stroke or TIA. Age and age2 were included as continuous
variables given a nonlinear association between age and
SPPB.

Univariate logistic regression models were used to
assess whether eGFRCr, eGFRCysC, UACR, or other cova-
riates were associated with low SPPB scores. Multivariable
logistic regression was then used to examine the associa-
tion between the primary predictors and low SPPB score
adjusted for potential confounders. Four multivariable
models were developed: 1) eGFRCr without UACR, 2)
eGFRCr with UACR, 3) eGFRCysC without UACR, and 4)
eGFRCysC with UACR.

To test for differential associations between covariates
and low SPPB scores according to eGFRCr, eGFRCysC, or
UACR levels in the overall BRINK cohort, separate logistic
regression models for the binary SPPB outcome were fit for
each primary predictor and covariate with the following
interaction terms: 4-level eGFRCr, 4-level eGFRCysC, and
3-level UACR. Interactions between 3-level UACR and
both 4-level eGFRCr and 4-level eGFRCysC were also
modeled. Multiple linear regression models were used to
evaluate the associations between primary predicators and
secondary outcomes of total SPPB score and gait speed.

In the sensitivity analyses, ordinal multivariable logistic
regression models were used to evaluate the associations of
primary predictors and covariates with a 4-level ordinal
SBBP score (0-6, 7-9, 10-11, and 12) rather than a
dichotomous variable. Sensitivity analysis models for pri-
mary and secondary outcomes included the aforemen-
tioned logistic and linear regression models limited to
participants with eGFR <60 mL/min/1.73m2. Logistic and
linear regression models with UACR modeled as contin-
uous on the natural log (Ln) scale—instead of as a 3-level
categorical variable—were also run as a sensitivity analysis.
An alpha significance level of 0.05 identified statistically
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significant results. No adjustments for multiple compari-
sons were applied.29 All statistical analyses were conducted
using SAS software (v9.4, copyright © 2016 by SAS
Institute, Inc.).
RESULTS

Participant Characteristics

Three participants were missing baseline SPPB scores and
were excluded; thus, 571 participants were included in
the analytical cohort. Table 1 summarizes the partici-
pants’ characteristics and SPPB scores overall and by
eGFRCr category. The mean age of the participants was
69.3 ± 9.8 years, 49.7% were male, and 15.8% were
Black. Of the 571 participants, 433 (75.8%) had
eGFRCr <60 mL/min/1.73m2 and 138 (24.2%) had
eGFRCr >60 mL/min/1.73m2 (controls). Within the CKD
group (eGFR <60 mL/min/1.73m2), 157 (27.5%) had
eGFRCr <30 mL/min/1.73m2, 193 (33.8%) had eGFRCr
30-≤ 45 mL/min/1.73m2, and 83 (14.5%) had eGFRCr
45-< 60 mL/min/1.73m2. The mean SPPB score for the
cohort was 9.4. Overall, 222 participants (38.9%) had
impaired physical performance (SPPB score <10). Strati-
fied by CKD or no CKD, 43.4% (188/433) of partici-
pants in the CKD group had reduced physical
performance compared with 24.6% (34/138) of partic-
ipants without CKD.

Twenty-three participants were missing cystatin C
values at baseline. Thus, 548 participants were included in
analyses using eGFRCysC. Of note, among the participants
with both creatinine and cystatin C values (n = 548), more
participants were classified as having CKD as defined by an
eGFR of <60 mL/min/1.73m2 and estimated with eGFR-

CysC (444, 81.0%) than when estimated with eGFRCr (433,
75.8%). Table S1 summarizes the participants’ character-
istics and SPPB scores by UACR category for the 568
participants with nonmissing UACR data.

Univariate Analyses of the Association Between

Kidney Function and Physical Performance

In separate univariate analyses, lower eGFRCr and eGFRcysC
and higher UACR were associated with an increased odds
of lower physical performance (Table 2). For example,
eGFRCr 45-<60, 30–<45, and <30 mL/min/1.73m2 were
associated with a 2.02- (95% CI, 1.12-3.63), 1.86- (95%
CI, 1.15-3.02), and 3.34-fold (95% CI, 2.03-5.50) higher
odds, respectively, of a low SPPB score (SPPB score <10)
compared with participants with eGFRCr >60 mL/min/
1.73m2. Results were similar for eGFRCysC. UACR 30-300
and >300 mg/g were associated with higher odds of low
SPPB score (OR, 2.54; 95% CI, 1.70-3.80 and OR, 2.17;
95% CI, 1.40-3.37) compared with participants with
UACR <30 mg/g. Results were similar when SPPB was
treated as a 4-level ordinal variable (Table S2). For
example, eGFRCr 45-<60, 30-<45, and <30 mL/min/
1.73m2 were associated with 1.96 (95% CI, 1.19-3.23),
3



Table 1. Characteristics of the Cohort Overall (N = 571) and by eGFRCr Category

Outcome
Covariates and Predictors

Overall
N = 571

eGFRCr <30
N = 157

eGFRCr

30 – <45
N = 193

eGFRCr

45 –<60
N = 83

eGFRCr ≥ 60
N = 138

SPPB group: binary N (%)

0-9 222 (38.9) 82 (52.2) 73 (37.8) 33 (39.8) 34 (24.6)
10-12 349 (61.1) 75 (47.8) 120 (62.2) 50 (60.2) 104 (75.4)

SPPB group: 4-level N (%)

0-6 87 (15.2) 32 (20.4) 29 (15.0) 14 (16.9) 12 (8.7)
7-9 135 (23.6) 50 (31.9) 44 (22.8) 19 (22.9) 22 (15.9)
10-11 189 (33.1) 50 (31.9) 67 (34.7) 26 (31.3) 46 (33.3)
12 160 (28.0) 25 (15.9) 53 (27.5) 24 (28.9) 58 (42.0)

SPPB total score: mean (SD) 9.4 (2.7) 8.6 (3.0) 9.5 (2.5) 9.3 (2.8) 10.2 (2.3)
Gait speed: m/sec, mean (SD) 0.96 (0.27) 0.92 (0.27) 0.93 (0.26) 0.96 (0.30) 1.03 (0.26)
eGFRCr group: mL/min/1.73m2, 4-level N (%)

<30 157 (27.5) 157 (100)
30-<45 193 (33.8) 193 (100)
45-<60 83 (14.5) 83 (100)
≥60 138 (24.2) 138 (100)

eGFRCr: mL/min/1.73m2, mean (SD) 45.0 (23.2) 21.2 (6.1) 36.8 (4.1) 50.9 (3.9) 80.1 (12.3)
eGFRCysC: mL/min/1.73m2, 4-level N (%)

< 30 303 (55.3) 126 (84.0) 94 (50.0) 23 (28.8) 60 (46.2)
30-<45 85 (15.5) 19 (12.7) 35 (18.6) 28 (35.0) 3 (2.3)
45-<60 56 (10.2) 2 (1.3) 34 (18.1) 11 (13.8) 9 (6.9)
≥60 104 (19.0) 3 (2.0) 25 (13.3) 18 (22.5) 58 (44.6)

eGFRCysC: mL/min/1.73m2, mean (SD) 36.1 (31.9) 19.5 (15.4) 33.7 (24.6) 42.9 (29.0) 54.5 (44.1)
UACR group: mg/g, 3-level N (%)

<30 296 (52.1) 33 (21.2) 91 (47.2) 56 (68.3) 116 (84.7)
30-300 153 (26.9) 52 (33.3) 63 (32.6) 20 (24.4) 18 (13.1)
>300 119 (21.0) 71 (45.5) 39 (20.2) 6 (7.3) 3 (2.2)

UACR: mg/g, median [IQR] 26.3 [0, 193] 229 [35, 1250] 38.5 [0.0, 189] 0.0 [0.0, 43] 0.0 [0.0, 11]
Hgb: g/dL, N (%)

≤12 172 (30.2) 91 (58.0) 56 (29.2) 13 (15.8) 12 (8.7)
>12 397 (69.8) 66 (42.0) 136 (70.8) 69 (84.2) 126 (91.3)

Hgb: g/dL, mean (SD) 12.95 (1.71) 11.8 (1.8) 13.0 (1.6) 13.4 (1.4) 13.8 (1.2)
Bicarbonate (CO2): mEq/L, N (%)

<20 24 (4.2) 18 (11.5) 5 (2.6) 0 (0.0) 1 (0.7)
≥20 546 (95.8) 139 (88.5) 188 (97.4) 82 (100.0) 137 (99.3)

Bicarbonate (CO2): mEq/L mean (SD) 25.8 (3.4) 24.4 (3.8) 25.4 (3.0) 26.2 (2.7) 27.6 (2.9)
SBP group: mmHg, 3-level N (%)

<120 154 (27.1) 41 (26.3) 45 (23.3) 26 (31.3) 42 (30.7)
120-<140 218 (38.3) 44 (28.2) 80 (41.5) 36 (43.4) 58 (42.3)
≥140 197 (34.6) 71 (45.5) 68 (35.2) 21 (25.3) 37 (27.0)

SBP: mmHg, mean (SD) 132.3 (18.6) 136.7 (21.8) 133.1 (17.2) 129.2 (16.5) 128.1 (16.9)
Pulse pressure: mmHg 63.5 (16.7) 67.9 (19.2) 64.3 (16.3) 60.6 (15.3) 59.0 (13.4)
Serum albumin group: mg/dL, N (%)

<4 121 (21.3) 58 (37.2) 37 (19.2) 16 (19.5) 10 (7.3)
≥4 448 (78.7) 98 (62.8) 156 (80.8) 66 (80.5) 128 (92.7)

Serum albumin: mg/dL mean (SD) 4.2 (0.39) 4.1 (0.45) 4.3 (0.38) 4.3 (0.36) 4.3 (0.29)
BMI group: kg/m2, 3-level N (%)

Not overweight: BMI <25 107 (18.8) 29 (18.6) 29 (15.0) 11 (13.4) 38 (27.7)
Overweight: BMI 25-<30 160 (28.2) 45 (28.8) 49 (25.4) 27 (32.9) 39 (28.5)
Obese: BMI ≥30 301 (53.0) 82 (52.6) 115 (59.6) 44 (53.7) 60 (43.8)

BMI: kg/m2, mean (SD) 31.4 (7.3) 31.3 (6.8) 32.3 (7.5) 32.5 (8.1) 29.6 (6.6)
Tobacco use group: N (%)

Never 247 (43.3) 53 (33.8) 80 (41.5) 42 (50.6) 72 (52.2)
Previous 265 (46.4) 78 (49.7) 96 (49.7) 38 (45.8) 53 (38.4)
Current 59 (10.3) 26 (16.6) 17 (8.8) 3 (3.6) 13 (9.4)

(Continued)
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Table 1 (Cont'd). Characteristics of the Cohort Overall (N = 571) and by eGFRCr Category

Outcome
Covariates and Predictors

Overall
N = 571

eGFRCr <30
N = 157

eGFRCr

30 – <45
N = 193

eGFRCr

45 –<60
N = 83

eGFRCr ≥ 60
N = 138

Diabetes group, N (%)

No DM 296 (51.8) 62 (39.5) 107 (55.4) 46 (55.4) 81 (58.7)
Controlled DM, A1c <7.5% 163 (28.6) 61 (38.8) 45 (23.3) 23 (27.7) 34 (24.6)
Uncontrolled DM, A1c ≥7.5% 112 (19.6) 34 (21.7) 41 (21.2) 14 (16.9) 23 (16.7)

History of CVD

No 330 (57.8) 70 (44.6) 98 (50.8) 53 (63.9) 109 (79.0)
Yes 241 (42.2) 87 (55.4) 95 (49.2) 30 (36.1) 29 (21.0)

History of CHF

No 489 (85.6) 128 (81.5) 156 (80.8) 72 (86.8) 133 (96.4)
Yes 82 (14.4) 29 (18.5) 37 (19.2) 11 (13.2) 5 (3.6)

History of stroke/TIA

No 478 (83.7) 126 (80.3) 157 (81.3) 70 (84.3) 125 (90.6)
Yes 93 (16.3) 31 (19.7) 36 (18.7) 13 (15.7) 13 (9.4)

Age: mean (SD) 69.3 (9.8) 68.7 (10.3) 70.5 (9.5) 70.6 (9.7) 67.3 (9.3)
Years of education: mean (SD) 14.3 (2.8) 13.4 (2.7) 14.1 (2.8) 14.7 (2.9) 15.2 (2.5)
Black race: N (%) 90 (15.8) 43 (27.4) 20 (10.4) 7 (8.4) 20 (14.5)
Sex: N (%)

Male 284 (49.7) 92 (58.6) 89 (46.1) 46 (55.4) 57 (41.3)
Female 287 (50.3) 65 (41.4) 104 (53.9) 37 (44.6) 81 (58.7)
Abbreviations: BMI, body mass index; CHF, congestive heart failure; CVD, cardiovascular disease; GFRCr, creatinine-based estimated glomerular filtration rate; Hgb,
hemoglobin; IQR; interquartile range; SBP, systolic blood pressure; SD, standard deviation; SPPB, Short Physical Performance Battery; TIA, transient ischemic attack;
UACR, urine albumin to creatinine ratio.
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1.90 (95% CI, 1.27-2.84), and 3.32 (95% CI, 2.17-5.07)
higher proportional odds of being grouped in the lower
SPPB category vs the higher category, respectively. Simi-
larly, UACR 30-300 and >300 mg/g vs lower UACR cat-
egories were associated with higher proportional odds of
lower SPPB scores (proportional OR, 2.43; 95% CI, 1.70-
3.47 and OR, 2.21; 95% CI, 1.50-3.25).

Multivariable Analyses of the Association Between

Kidney Function and Physical Performance

In multivariable analysis, with and without UACR in the
model, eGFRCr was no longer significantly associated with
low SPPB scores (Table 2). Conversely, a higher UACR
maintained a significant association with lower SPPB scores
when adjusted for eGFRCr and covariates. A UACR of 30-
300 mg/g vs <30 mg/g was associated with twice the odds
of a low SPPB score (adjusted OR, 2.04; 95% CI, 1.21-
3.47), and a UACR of >300 mg/g vs UACR <30 mg/g was
associated with low SPPB scores (adjusted OR, 1.93; 95%
CI, 1.01-3.69) (Table 2). Significant risk factors for lower
physical performance included female sex, obesity
(BMI ≥30 kg/m2), low bicarbonate (<20 mEq/L), uncon-
trolled and controlled DM, history of CVD, and history of
CHF (Table 3). Similar results were found in models
exploring the association between eGFRCysC and SPPB. In the
fully adjusted model with both eGFRCysC and UACR,
eGFRCysC was not associated with low SPPB scores, whereas
a UACR of 30-300mg/gwas associated with higher odds of
a low SPPB score compared with UACR of <30 mg/g
(adjusted OR, 1.84; 95% CI, 1.09-3.11).
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The results were similar when the analysis was
restricted to participants with eGFR <60 mL/min/1.73m2.
In either adjusted model (eGFRCr and eGFRCysC), eGFR was
not significantly associated with low SPPB score. In
contrast, a UACR of 30-300 mg/g vs UACR <30 mg/g was
associated with higher odds of low SPPB score in the
model adjusted for eGFRCr and covariates, but not in the
model adjusted for eGFRCysC and covariates. In models
with Ln UACR instead of the 3-level categorical UACR,
eGFR was not significant in either adjusted model; Ln
UACR was significantly associated with lower SPPB scores
in the model adjusted for eGFRCr and covariates (adjusted
OR, 1.11; 95% CI, 1.01, 1.22) and was marginally asso-
ciated with lower SPPB scores in the model adjusted for
eGFRCysC and covariates (adjusted OR, 1.09; 95% CI, 0.99,
1.19). In ordinal logistic regression models, a UACR of 30-
300 was associated with higher proportional odds of lower
SPPB scores (proportional adjusted OR, 1.64; 95% CI, 1.08
-2.48) vs a lower UACR category in the model with
eGFRCr; this association was marginally significant in the
ordinal logistic regression model with eGFRCysC (propor-
tional adjusted OR, 1.49; 95% CI, 0.99, 2.26). No sig-
nificant interactions were found between covariates and
eGFR (both creatinine and cystatin C based) and UACR,
nor between UACR and either eGFR variables.

LS Means SPPB scores for the 3 measures of kidney
function, adjusted for all covariates in the logistic regres-
sion models, are shown in Table S3. Adjusted mean SPPB
score was similar across the eGFRCr and eGFRCysC cate-
gories. The adjusted mean SPPB score was slightly higher
5



Table 2. Comparison of the Univariate and Multivariable Associations Between Different Measures of Kidney Function and Low
Physical Function (SPPB Score < 10)

Measure of Kidney Function
Unadjusted OR
(95% CI)

Adjusteda OR
(95% CI) in Models
Without UACR

Adjusteda OR
(95% CI) in Models
with UACR

eGFRCr mL/min/1.73m2 reference = ≥60
<30 3.34 (2.03, 5.50) 1.23 (0.64, 2.36) 0.90 (0.45, 1.81)
30-<45 1.86 (1.15, 3.02) 0.81 (0.45, 1.47) 0.65 (0.35, 1.20)
45-<60 2.02 (1.12, 3.63) 1.16 (0.58, 2.31) 1.06 (0.53, 2.13)

UACR mg/g reference = <30
>300 2.17 (1.40, 3.37) 1.93 (1.01, 3.69)b

30-300 2.54 (1.70, 3.80) 2.04 (1.21, 3.47)b

eGFRCysC mL/min/1.73m2 reference = ≥60
<30 2.61 (1.57, 4.34) 1.35 (0.73, 2.48) 1.23 (0.66, 2.29)
30-<45 1.91 (1.01, 3.61) 1.01 (0.48, 2.15) 0.93 (0.43, 2.01)
45-<60 2.16 (1.07, 4.36) 1.33 (0.58, 3.04) 1.30 (0.57, 3.00)

UACR mg/g reference = <30
>300 1.62 (0.86, 3.05)c

30-300 1.84 (1.09, 3.11)c

Abbreviations: CI, confidence interval; GFRCr, creatinine-based estimated glomerular filtration rate; eGFRCysC, cystatin C-based estimated glomerular filtration rate;
OR, odds ratio; UACR, urine albumin to creatinine ratio.
aModel adjusted for hemoglobin, serum bicarbonate, serum albumin, body mass index, diabetes (none, controlled, not controlled), pulse pressure, cardiovascular
disease, congestive heart failure, stroke or transient ischemic attack, smoking status (current, former, never), race (black vs other), sex, age, age2,years of education.
bAdjusted OR (95% CI) for UACR in model with eGFRCr and covariates listed above.
cAdjusted OR (95% CI) for UACR in model with eGFRCysC and covariates listed above.

Mello et al
for participants with <30 mg/g albuminuria than for those
with 30-300 or >300 mg/g (LS Mean [SE]: 8.23 [0.35],
7.62 [0.34], and 7.67 [0.37], respectively). In a secondary
analysis evaluating the association between measures of
kidney function and gait speed, rather than SPPB,
only eGFRCysC <30 mL/min/1.73m2 was associated
with slower gait speeds compared with eGFRCysC >60
mL/min/1.73m2 after adjusting for the covariates in the
logistic regression models (P = 0.03). Higher categories of
eGFRCysC were not significantly associated with slower gait
speeds. Lower eGFRCr and higher UACR categories were
not associated with slower gait speeds (Table S4).
DISCUSSION

In this analysis of BRINK study participants with a broad
range of kidney function, lower eGFR—as measured using
creatinine and cystatin C—and higher UACR were associ-
ated with decreased physical performance in univariate
analyses. However, only UACR was associated with
decreased SPPB score after adjusting for other risk factors.

This result differs from some, but not all, previous
analyses exploring the association between CKD and
physical performance. In an analysis of participants
enrolled in the Systolic Blood Pressure Intervention Trial,
Wolfgram et al21 investigated associations of albuminuria
and eGFR with measures of functional status. In fully
adjusted models, albuminuria was associated with gait
speed but not reported physical function, whereas eGFR
level was not associated with any functional measure.
Similarly, Walker et al15 did not find a graded association
between eGFRCr and physical function in the CANFit study
of patients with advanced CKD, but this study did not
6

include an assessment of albuminuria. Conversely, a pro-
spective analysis performed by Fried et al13 as part of the
Health ABC study found an association between eGFRCysC
and reported functional impairment, although the associ-
ation was no longer significant after adjusting for inflam-
matory markers. Dalrymple et al’s10 finding of an
association between eGFRCysC but not eGFRCr in the CHS
cohort supports the hypothesis that the confounding of
eGFRCr by muscle mass complicates studies of eGFR and
physical performance, although that study evaluated frailty
rather than physical function.

Although we found a graded association between eGFR
(estimated by both creatinine and cystatin C) and physical
performance on univariate analysis, the significance of the
association did not persist after adjusting for key comorbid
conditions that were more prevalent among those with
CKD, such as DM and heart failure, and for some possible
sequelae of CKD, such as hypoalbuminemia and acidosis.
Our cohort included more individuals with advanced CKD
than the CHS cohort. Therefore, one possible explanation
for the differing eGFRcysC results may be that lower
physical performance (or frailty) is more common among
patients with CKD in general and that decreased perfor-
mance may not be strongly associated with eGFR level per
se. Another potential explanation for this finding is that
albuminuria, which may indicate inflammation, and
acidosis may be mechanisms by which CKD leads to poor
performance. Adjusting for these in our models may have
negated the eGFR association found in the univariate
models.

The impact of proteinuria may explain at least some of
the different results on the association between CKD and
physical function. Most studies have not included
Kidney Med Vol 4 | Iss 10 | October 2022 | 100531



Table 3. Association Between Covariates and Physical Function in Models Using eGFRCr and eGFRcysC

Predictor or Covariate

Adjusted
OR for
Model
Using
eGFRCr

95%
Confidence
Limits P

Adjusted
OR for
Model
Using
eGFRCysC

95%
Confidence
Limits P

UACR: mg/g, 30-00 vs <30 2.04 1.21 3.47 0.008 1.84 1.09 3.11 0.02
UACR: mg,/g, > 300 vs <30 1.93 1.01 3.69 0.05 1.62 0.86 3.05 0.14
Hgb: g/dL, ≤ 12 vs >12 1.37 0.85 2.23 0.20 1.36 0.84 2.20 0.21
Bicarbonate (CO2): mEq/L, < 20 vs ≥ 20 3.50 1.27 9.64 0.02 3.26 1.21 8.80 0.02
Serum albumin: mg/dL, < 4 vs ≥4 1.57 0.92 2.67 0.09 1.56 0.91 2.69 0.11
BMI: kg/m2, OW: 25 – <30 vs not OW: <25 1.83 0.95 3.52 0.07 1.88 0.97 3.65 0.06
BMI: kg/m2, obese: ≥ 30 vs not OW: <25 2.61 1.37 4.98 0.004 2.54 1.31 4.91 0.006
DM (A1c < 7.5%) controlled vs no DM 2.08 1.24 3.48 0.006 2.23 1.32 3.78 0.003
DM not controlled (A1c ≥ 7.5%) vs no DM 1.96 1.11 3.48 0.02 2.07 1.15 3.73 0.02
Pulse Pressure: 1 mmHg increase 0.99 0.97 1.00 0.04 0.98 0.97 1.00 0.03
CVD: yes vs no 1.59 1.02 2.48 0.04 1.46 0.93 2.27 0.10
CHF: yes vs no 2.13 1.19 3.81 0.01 2.29 1.26 4.16 0.006
Stroke/TIA: yes vs no 1.64 0.93 2.89 0.09 1.49 0.83 2.68 0.18
Current smoker vs never smoked 1.24 0.58 2.64 0.58 1.40 0.63 3.11 0.41
Previous smoker vs never smoked 0.88 0.56 1.39 0.58 0.86 0.54 1.37 0.52
Black race: yes vs no 1.38 0.73 2.59 0.32 1.52 0.74 3.12 0.25
Sex: female vs male 1.92 1.23 2.98 0.004 1.81 1.16 2.83 0.009
Age, each additional year 0.91 0.70 1.19 0.50 0.90 0.69 1.18 0.45
Age2 1.001 0.999 1.003 0.18 1.001 0.999 1.003 0.16
Years of education, each additional year 0.88 0.81 0.95 0.002 0.89 0.81 0.96 0.004
Abbreviations: BMI, body mass index; CHF, congestive heart failure; CVD, cardiovascular disease; DM, diabetes mellitus; GFRCr, creatinine-based estimated
glomerular filtration rate; eGFRCysC, cystatin C-based estimated glomerular filtration rate; OR, odds ratio; TIA, transient ischemic attack; UACR, urine albumin to
creatinine ratio.
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albuminuria in their models, despite its likelihood of being
more common in patients with advanced CKD. For
example, Zhou et al12 examined the relationship between
body composition and measured GFR with multiple
measures of physical performance in patients with an eGFR
of <30 mL/min/1.73m2 and found an association be-
tween eGFR and physical performance. However, whether
this relationship would have changed with the addition of
albuminuria measures remains unknown because it was
not included in these models. In a cross-sectional analysis
of 120 patients in Japan that included eGFRCr and urine
protein,11 Hiraki et al found that eGFRCr was associated
with multiple measures of physical performance, whereas
the urine protein to creatinine ratio was only associated
with single leg balance testing. However, in our study,
only albuminuria remained associated with low physical
performance after adjusting for potential confounders.
This difference may be due to our use of SPPB: a summary
performance measure that may be more sensitive than
individual measures of physical performance, such as
single leg balance. Indeed, when gait speed alone was
evaluated in our study as a secondary outcome, the asso-
ciation between UACR and this physical performance
measure was no longer apparent.

The present study provides an opportunity to examine
the relationship between different measures of eGFR
together with albuminuria and thus help elucidate the
relationship between CKD and physcial performance using
Kidney Med Vol 4 | Iss 10 | October 2022 | 100531
a high-quality dataset with detailed data collection and
very less missing data across a range of eGFR values. The
hightened inflammatory state in CKD has been implicated
in the association between CKD and many poor out-
comes,30 and similar associations with several poor
outcomes have been found in association with protein-
uria.17-20 Physical function in patients with CKD may be
similarly impacted by proteinuria, with measured albu-
minuria acting as a surrogate for endothelial inflammation
and dysfunction. In support of this hypothesis, Fried et al13

found that an association between eGFR and reported
functional status was no longer significant when markers
of inflammation were added to the model. The fact that the
relationship between albuminuria and physical perfor-
mance persisted despite extensive adjustment for multiple
risk factors suggests that at least some of the the decline in
physical performance noted in previous studies that did
not include an assessment of proteinuria may have been
related to endothelial dysfunction. These findings under-
score the importance of exploring albuminuria as a
biomarker of reduced physical function in clinical settings,
as well as its use in predicting declines in physical
performance.

Although our study provides additional insights into the
association between kidney disease and physical function,
several limitations deserve mention. First, this cross-
sectional analysis can only provide information on
possible assocations, and our results cannot be used to
7
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infer causality. Second, this study uses estimated rather
than measured GFR. Although we were able to compare 2
different approaches to estimating GFR using creatinine
and cystatin C, potential confounding by muscle mass and
inflammation may have persisted. Third, a majority of the
participants were of White race, and approximately 16% of
the participants were of Black race. Given that kidney
disease disproportionately affects non-White patients,
addional studies inclusive of more non-White participants
are needed. Fourth, we assessed physical function using
SPPB alone. While this test is validated and includes mul-
tiple dimensions of physical function, it is susceptible to
ceiling effects in higher-functioning individuals and does
not capture all facets of physical function. Finally, although
we were able to include many variables and potential
confounders in our analysis, the effects of additional un-
measured confounders may have persisted.

In conclusion, we found that albuminuria was associ-
ated with decreased physical function performance after
adjusting for potential confounders, but eGFRCr or eGFR-

CysC were not. Additional studies on the longitudinal as-
sociation between albuminuria and change in physcial
function over time are needed to determine whether
baseline proteinuria predicts functional decline or whether
the association varies with time, particularly with the
initiation of kidney replacement therapy.
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