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Abstract
Background—Self-reported physical health and functioning and direct measures of physical
performance are decreased in hemodialysis patients and are associated with mortality and
hospitalization.

Study Design—We determined baseline cross-sectional associations of physical performance,
health, and functioning with demographics, clinical characteristics, nutritional indexes, laboratory
benchmarks, and measures of body composition in participants in the Frequent Hemodialysis
Network (FHN) trial.

Setting & Participants—375 persons enrolled in the FHN with data for physical performance,
health, and functioning.

Predictors—Explanatory variables were categorized into fixed factors of age, race, comorbid
conditions (diabetes mellitus, heart failure, and peripheral arterial disease) and potentially
modifiable factors of dialysis dose, phosphorus level, hemoglobin level, equilibrated normalized
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protein catabolic rate (enPCR), body composition, body mass index, phase angle, and ratio of
intracellular water volume to body weight (calculated from bioelectrical impedance).

Outcomes—Scores on tests of physical performance, health, and functioning.

Measurements—Physical performance measured using the Short Physical Performance Battery,
self-reported physical health and functioning using the 36-Item Short Form Health Survey
(SF-36). Body composition (body mass index and bioimpedance analysis) and laboratory data
were obtained from affiliated dialysis providers.

Results—Relative to population norms, scores for all 3 physicality metrics were low. Poorer
scores on all 3 metrics were associated with diabetes mellitus and peripheral arterial disease.
Poorer scores on the SF-36 Physical Functioning subscale and Short Physical Performance Battery
also were associated with age, lower ratio of intracellular water volume to body weight, and lower
enPCR. Black race was associated with poorer scores on the Short Physical Performance Battery.

Limitations—This was a cross-sectional study of individuals agreeing to participate in the FHN
study and may not be generalizable to the general dialysis population.

Conclusions—Hemodialysis patients show markedly impaired physical performance, health,
and functioning relative to population norms. Although some factors associated with these
impairments are not modifiable, others may change with improvement in nutritional status or body
composition.

Keywords
Cardiovascular disease; congestive heart failure; diabetes; inflammation; intracellular water;
muscle mass; phase angle; peripheral arterial disease

The Frequent Hemodialysis Network (FHN) clinical trials were designed to measure the
efficacy of increased dialysis frequency on 2 coprimary out-comes: self-reported physical
health and left ventricular mass. As part of the comprehensive baseline evaluation, study
participants underwent testing of physical performance using the Short Physical
Performance Battery (SPPB) score to assess lower-extremity functioning and completed the
Medical Outcomes Study (MOS) 36-Item Short Form Health Survey (SF-36). The SF-36
physical health composite score was calculated as an indicator of self-reported physical
health, and the Physical Functioning subscale was used as an indicator of self-reported
physical functioning.1

Multiple factors may affect physical performance, health, and functioning, including age,
years since the start of end-stage renal disease (ESRD; ESRD vintage),2 anemia in some
populations,3 comorbid conditions,4 nutritional status, and body composition.4 Many of
these factors are unlikely to be modified by a treatment regimen, but nutritional status and
body composition potentially are responsive to treatment modality.

Self-reported physical health and functioning5,6 and directly measured physical
performance4 are impaired in hemodialysis patients. Impaired physical performance has
been associated with increased hospitalizations, as well as morbidity and mortality.7 The
Quetélet index (ie, body mass index [BMI]) is associated directly with survival in patients
on hemodialysis therapy.8,9 However, obesity generally impairs physical performance.9
Although simple to use and reproducible, BMI fails to distinguish between body cell mass
(metabolically active tissue) and adiposity. Bioelectrical impedance analysis (BIA) can
provide additional precision in distinguishing fat-free (lean) and fat mass (adiposity) and
further distinguishing between intracellular and extracellular fluid,10 providing a measure of
body cell mass.
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This cross-sectional analysis is presented to describe factors associated with physical
performance, health, and functioning in enrolled and randomly assigned FHN participants at
baseline. We hypothesized that impaired physical performance, health, and functioning
would be associated with advanced age; lower educational attainment; multiple comorbid
conditions, including diabetes mellitus and peripheral arterial disease; congestive heart
failure; disordered mineral metabolism; malnutrition; anemia; and lower levels of residual
kidney function. We also hypothesized that physical performance, self-reported physical
health, and physical functioning would be related inversely to obesity, reported at least in
part using BMI, and directly to measures of intracellular water volume normalized to body
weight as intracellular water volume per kilogram of body weight (ICW/kg), an indicator of
body cell mass derived from resistance and reactance measured using single-frequency BIA,
10 and wider phase angle (the ratio of measured reactance and resistance using BIA), a
parameter associated with both nutrition and body cell mass.11,12

METHODS
Participants and Measurements

The study design, recruitment strategies, and measurements of the FHN trials have been
described previously.1 The present analysis aimed to assess the status of physical
performance, self-reported physical health, and physical functioning in FHN participants at
baseline (before initiation of the intervention) and determine their clinical correlates. The
FHN study consists of 2 separate trials, 1 comparing the effect of in-center 6- to 3-times-
weekly in-center hemodialysis (Daily Trial), and the second comparing home nocturnal 6-
times-weekly hemodialysis and 3-times-weekly mostly home hemodialysis (Nocturnal
Trial). Both trials will examine the effects of frequent hemodialysis on 2 coprimary
outcomes: left ventricular mass using cardiac magnetic resonance imaging and the SF-36
physical health composite score. Major exclusion criteria included age younger than 13
(Daily Trial) or younger than 18 years (Nocturnal Trial), inability to achieve a mean
estimated Kt/Vurea ≥1.0 on 2 occasions, life expectancy shorter than 6 months, medical need
for hemodialysis more than 3 times weekly, history of poor adherence to hemodialysis
therapy, medical conditions preventing cardiac magnetic resonance imaging, inability to
communicate in English or Spanish, and anticipated kidney transplant or relocation within
14 months. All protocols were reviewed and approved by the institutional review boards at
each participating center. Informed consent was obtained from each participant. We
included all enrolled participants with physical performance data at baseline, resulting in an
analytic cohort of 375 participants (Fig 1).

Explanatory variables included demographics (age, sex, and race/ethnicity) and clinical
characteristics (ESRD vintage, comorbid conditions [including diabetes mellitus, heart
failure, peripheral arterial disease, and stroke]), nutritional indexes (serum albumin level and
equilibrated normalized protein catabolic rate [enPCR]), laboratory benchmarks (serum
creatinine, hemoglobin, phosphorus, calcium, and parathyroid hormone levels), and
measures of body composition: (BMI, phase angle, and derived intracellular water volume
per kilogram of body weight).

BMI was calculated using weight measured immediately after a hemodialysis session by
means of the Quetélet index (kg/m2). Single-frequency BIA was performed before a
midweek dialysis session at 50 kHz for participants with at least one intact leg and arm and
used to calculate phase angle, the arc tangent of the reactance (Xc) to resistance (R) ratio.
We multiplied the arc tangent of Xc/R by 180/π (57.297) to convert from radians to degrees.
13 We also used reactance to estimate total-body potassium using the method of Kotler et al.
10 We estimated body cell mass using the following equation14: body cell mass (kg) =
0.00833 × total-body potassium (mmol). Based on St-Onge et al,15 intracellular water
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volume was calculated as 0.73 × body cell mass. Total intracellular water volume was
divided by body weight to derive the fraction of body weight as ICW/kg.

Laboratory variables were measured predialysis at laboratories affiliated with each clinical
center, and if more than 1 baseline value existed, the first value was used.

Lower-extremity function was measured empirically using the SPPB, which assessed: (1)
gait speed for a 4-m walk, (2) chair stand that measured the ability to stand up and sit down
unassisted without the use of arms 5 times, and (3) balance test that measured the ability to
stand with the feet in several positions for 10 seconds. Each exercise was scored from 0-4,
with higher scores representing fewer limitations. SPPB score was the sum of these
component scores and ranged from 0-12.16 The SPBB17 was developed to evaluate lower-
extremity function for the Established Populations for Epidemiology Research in the Elderly
(EPESE) cohort study for use in the gerontology population. In older persons, the SPPB is
highly predictive of death, hospitalization, and need for institutional care.17

Self-reported physical health and functioning were determined using the SF-36.18 The SF-36
has been validated across diverse populations and health care settings and includes 8 scales
of self-reported health status: Physical Functioning, Role-Physical, Bodily Pain, General
Health, Vitality, Social Functioning, Role-Emotional, and Mental Health.19 These scales are
scored from 0-100, with higher scores indicating better functioning.20 The physical health
composite score is a weighted average, using the RAND Corp method,21 of all domains
except Mental Health. In addition to using the physical health composite score as an
assessment of self-reported physical health, we chose the Physical Functioning subscale as a
measure of physical functioning, including mild functional losses relevant to independent
living.22 The Physical Functioning subscale is composed of 10 questions about limitations in
performing various activities.

Data Analysis
Baseline characteristics of the analytic cohort were stratified according to trial and
randomization status and characterized using mean ± standard deviation, median (25th
percentile, 75th percentile), or frequency (percentage), as appropriate.

We evaluated nonlinear associations between continuous explanatory variables and each
outcome graphically and using restricted cubic splines. Significant nonlinear associations of
age with physical health composite and Physical Functioning scores were represented using
linear splines. We used linear regression to determine the association of explanatory variable
with physical health composite and physical functioning. SPPB scores were categorized into
3 ordinal groups for analysis (<6, 7-9, and 10-12), then examined using the proportional
odds model for ordinal logistic regression. The proportional odds assumption was tested for
all variables in all model settings. For each outcome, explanatory variables were tested
individually and after adjusting for case-mix (age, sex, and race/ethnicity [black vs
nonblack]). Residuals were examined for normality and heteroscedascity. To meet model
assumptions, residual kidney function and parathyroid hormone level were log-transformed
after first adding a value of 1. We tested covariate-by-study and covariate-by-randomization
status interactions for all explanatory variables.

Covariates significant at the 0.10 level from the case-mix–adjusted analysis became
candidates for multivariable models. However, qualifying factors with uncertain cause
(primary language not English) or low power (interactions and education level) were not
tested further. Multicollinearity among remaining factors was tested using variance inflation
factor statistics. Missing values were multiply imputed after incorporating auxiliary
variables to reflect factors possibly associated with baseline dropout to validate the
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assumption that missing observations were associated with the variables used for
imputation. Five imputation data sets were created, then sampled with replacement to form
100 bootstrap samples that were each tested for independent associations using the LASSO
stepwise selection method23 in tandem with the Schwarz Bayesian information criterion. Of
100 model selection results, variables selected at least 5 times were included in the final
multivariable models, which were run using the original set of imputed data as though the
variable had been selected a priori. Results were adjusted for uncertainty caused by the
imputation of missing values, but we did not factor in uncertainty arising from the model
selection process. Body composition measures that did not qualify for inclusion in the final
multivariable models were tested separately, adjusting for the qualifying non–body
composition factors.

Results from linear regression models were represented with regression coefficients. Ninety-
five percent confidence intervals quantified the range of possible coefficients for the
univariate and case-mix–adjusted models, with 99% confidence intervals for the
multivariable models. Odds ratios with 95% and 99% confidence intervals were used in the
same fashion for the ordinal logistic regression results. Univariate and case-mix–adjusted
inference tests used α = 0.05. Multivariable models used α = 0.01.

To approximate more generalizable results, ridge regression was used to generate more
conservative linear regression estimates, deriving the penalty factor from the average of the
heuristic shrinkage estimates24 generated by the bootstrap samples. A corresponding method
was used to generate uniformly shrunken odds ratio estimates for SPPB score.

All analyses were conducted using SAS, version 9.2 (SAS Institute, www.sas.com) and S-
Plus v6.0 (TIBCO Software Inc, spotfire.tibco.com).

RESULTS
Study Participants and Demographic Characteristics

Data for physical performance, health, and functioning were available for a total of 375
participants enrolled in the combined FHN Daily and Nocturnal Trials. Of these, 243 were
randomly assigned in the Daily Trial and 84 were randomly assigned in the Nocturnal Trial
(Table 1). Participants in the analytic cohort had a mean age of 50.6 ± 13.7 years, 62% were
men, 38% were black, and 41% had diabetes mellitus. Baseline demographic factors were
similar in the analytic cohort and excluded persons, except that excluded persons were
slightly older (54.4 ± 13.5 years; P = 0.008). Figure 1 graphically summarizes the study
cohort.

Physical Performance
Scores on the SPPB were skewed (Fig 2), whereas the SF-36 physical health composite (Fig
3) and Physical Functioning subscale scores (Fig 4) were somewhat more symmetrically
distributed, yet truncated.

Using univariate analysis, scores on the SPPB (Table 2) were associated inversely with age,
female sex, black race, diabetes mellitus, heart failure, history of peripheral arterial disease,
history of stroke, BMI, and bicarbonate level and directly with male sex, creatinine level
(daily trial only), phosphate level (daily trial only), ICW/kg, and phase angle. After case-mix
adjustment, associations with heart failure, history of stroke, serum albumin level, and
bicarbonate level became nonsignificant. Using multivariable analysis, SPPB scores were
associated inversely with age, black race, diabetes mellitus, and peripheral arterial disease
(Fig 5). After controlling for other variables in the multivariable model, ICW/kg and phase
angle, tested separately, were directly associated with SPPB scores, but BMI was not.
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Self-reported Physical Health
Using univariate analysis, physical health composite score (Table 3) was associated
inversely with age, diabetes mellitus, heart failure, peripheral arterial disease, and stroke and
directly with age (for participants [>50 years), enPCR, residual kidney function (randomly
assigned participants only), serum creatinine level, serum albumin level (daily trial only),
and ICW/kg. Randomly assigned participants had higher physical health composite scores
than those excluded from randomization after enrollment. After multivariable adjustment,
only diabetes mellitus and peripheral arterial disease remained significantly associated with
physical health composite score (Fig 6).

Self-reported Physical Functioning
Using univariate analysis, physical functioning (Table 4) was associated inversely with age
(for participants ≤50 years), female sex, diabetes mellitus, heart failure, peripheral arterial
disease, stroke, bicarbonate level, and BMI and directly with enPCR, serum creatinine level,
hemoglobin level, serum albumin level, both intracellular water volume per kilogram of
body weight and phase angle, and randomization status. Using multivariable analysis (Fig
7), physical functioning was associated inversely with age of 50 years or younger, diabetes
mellitus, and peripheral arterial disease and directly with enPCR and intracellular water
volume per kilogram of body weight.

DISCUSSION
Physical performance was relatively poor in participants in the FHN clinical trials compared
with population norms for the elderly population in the EPESE. Scores for self-reported
measures of physical health (physical health composite score) and functioning (Physical
Functioning subscale) from the SF-36 questionnaire were lower than expected for the age of
the studied population.19,25 Physical performance was significantly better in the EPESE
population despite an average age 20 years older than the FHN population (Fig S1, available
as online supplementary material). Physical health composite and Physical Functioning
subscale scores were similar to those reported elsewhere for hemodialysis patients.5,6,26

Diabetes mellitus and peripheral arterial disease were associated with poor physical
performance and self-reported physical health and functioning. These were the only
variables associated with all 3 measures using multivariable analysis and are unlikely to be
modified by changes in dialysis frequency or dose. Kidney disease and dialysis-related
variables, specifically ESRD vintage and residual kidney function, were not associated with
any of the tests performed, and neither were bicarbonate, calcium, or parathyroid hormone
level. enPCR, which at steady state is a reflection of dietary nitrogen intake, was associated
directly with physical health composite and Physical Functioning subscale scores using
univariate analysis and with Physical Functioning score using multivariable analysis, and
serum phosphorus level was associated directly with SPPB score, but not with the physical
health composite or Physical Functioning scores. None of these variables remained
significantly associated with physical performance, health, or functioning after multivariable
adjustment with the exception of enPCR and Physical Functioning score. Because dietary
phosphorus closely parallels that of protein,27 these variables may be reflecting dietary
intake and nutritional status downstream, including support of lean body mass reflected by
ICW/kg or phase angle, as well as improving physical performance through mechanisms not
directly reflected in altered body composition.

ICW/kg was associated directly with SPPB and Physical Functioning score using
multivariable analysis and with all 3 metrics using univariate analysis. Intracellular water
volume is a measure of body cell mass, the body’s pool of metabolically active tissue.15 The
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principal body cell mass compartment that would vary among individuals would be
expected to be muscle.28 Muscle mass tends to decrease over time in patients on dialysis
therapy, most likely in response to inflammatory, nutritional, and other factors, including
acidemia29 and physical inactivity. Increasing the frequency of dialysis potentially could
preserve muscle mass by improving nutritional status, more fully correcting acidemia (by
avoidance of prolonged interdialytic periods in which acid accumulates), and perhaps by
facilitating physical activity. In contrast to ICW/kg (or if this was omitted from the analysis,
phase angle), BMI was associated inversely with both SPPB and Physical Functioning
scores, suggesting a separate and potentially deleterious effect of adiposity when adjusted
for body cell mass.

The SPPB was developed in an elderly population with a variety of comorbid conditions.
Elderly and nonelderly patients on dialysis therapy share multiple clinical characteristics,
including high rates of skeletal muscle wasting and weakness, vitamin D deficiency,
osteoporosis, and multiple comorbid conditions. Chen et al30 used the SPPB as a primary
outcome measure in a strength training study in hemodialysis patients. They reported that
SPPB score was associated directly with leg muscle strength at baseline, and changes in
scores after training paralleled changes in leg muscle strength.

One other study has reported SPPB scores in older patients with ESRD awaiting transplant.
The mean score (8.49) in our population was similar to that reported by Hartmann et al31
(8.35), although our participants were younger (50.7 vs 67.5 years). The distribution of
SPPB scores in our population was lower than for the 70-year-old population in EPESE,25
with a lower percentage of patients scoring in the highest quartile (10-12) and a much higher
percentage scoring in the lower quartile (4-6; Fig S1).

Older age, black race, diabetes mellitus, peripheral arterial disease, and lower intracellular
water volume per kilogram of body weight were all associated with poorer SPPB scores.
The study by Hartmann et al31 featured too few patients to stratify by race; however, older
age and black race have been associated consistently with lower physical functioning in
studies of older adults without chronic kidney disease or ESRD. The associations of diabetes
mellitus and peripheral arterial disease with impaired physical performance are not
surprising. Comorbidity has been associated with disability32 and functional decline,33-35

and the specific comorbid conditions of diabetes34 and peripheral arterial disease36 have
been related specifically to poor physical functioning and disability in several studies.

Interestingly, age was associated with SPPB and Physical Functioning scores (ie, older age
was associated with lower levels of physical performance and self-reported physical
functioning), but not physical health composite score, suggesting that expectations of overall
physical health may be accommodated with advancing age despite objective evidence of
impaired physical performance and the inability to perform certain activities of daily living
and independent function. Perhaps the most interesting observations in this study relate to
the bidirectional effects suggested by BMI and BIA-derived estimates of body composition.
Physical performance and functioning were related directly to intracellular water volume per
kilogram of body weight and phase angle and inversely to BMI, suggesting that body cell
mass may augment physical performance and functioning, whereas adiposity might further
impair performance and functioning in the hemodialysis population, similar to the increased
physical disability observed in older women who show sarcopenic obesity (ie, low muscle
mass to total body mass ratio).37

Inflammation has been noted to be an independent determinant of physical performance,38

and serum albumin level, the only surrogate marker of inflammation obtained in this
analysis, was associated strongly with both Physical Functioning and physical health
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composite scores. It was not associated with SPPB score, an objective measurement of
physical performance. Creatinine level, most likely a surrogate for muscle mass, was
associated positively with all 3 measures of physical performance using case-mix–adjusted
analysis. In contrast, anemia was not associated with any of the performance measures.

The main limitations of the study relate to its cross-sectional design. For example, we cannot
determine whether decreased intracellular water volume per kilogram of body weight led to
impaired physical performance or vice versa. When the FHN trials conclude, it will be
informative to determine rates of change in physical performance, health, and function in
groups randomly assigned to conventional 3- or 6-times-weekly hemodialysis. In addition,
although the demographic distribution of participants in the FHN trials was similar to the
North American hemodialysis population, persons willing to be enrolled and/or randomly
assigned into a clinical trial that could potentially result in a major change in lifestyle for 1
year are likely to differ from “all comers” in ways that cannot be measured. In summary, we
observed relatively poor levels of physical performance, health, and functioning in a cohort
of 375 participants in the FHN trials. Recognizing that the results reported here probably
represent the ESRD program’s “best-case example” with regard to physical performance,
self-reported physical health, and physical functioning, there is much room for
improvement. Impaired physical performance, health, and functioning are common
complications of hemodialysis therapy, with broad-ranging effects on lifestyle, quality of
life, and longevity. Although the fixed effects of age, sex, diabetes mellitus, and peripheral
arterial disease explain much of the variation in physical performance, health, and
functioning, differences in body composition also appear to be important determinants and
may be modifiable with exercise training and/or other interventions. We are eager to learn
whether more frequent dialysis will result in material improvements in physical
performance, health, and functioning. Regardless, given the degree of functional impairment
in patients with ESRD, prospective testing of multiple interventions is clearly warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow chart of derivation of analytic cohort. Abbreviation: FHN, Frequent Hemodialysis
Network.
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Figure 2.
Distribution of Short Physical Performance Battery (SPPB) scores of patients enrolled in the
Frequent Hemodialysis Network trial. Lower-extremity function was measured empirically
using the SPPB, which measured: (1) gait speed for a 4-m walk, (2) chair stand with a goal
of standing unassisted without use of arms 5 times within 60 seconds, and (3) balance score,
which measures the capacity to stand with feet together for 10 seconds. Each exercise was
scored from 0-4, with higher scores representing fewer limitations. SPPB score was the sum
of these component scores. For composing this figure, scores were grouped by 2.
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Figure 3.
Distribution of physical health composite scores in patients enrolled in the Frequent
Hemodialysis Network Trial. The minimum score achieved was 18.
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Figure 4.
Distribution of Physical Functioning subscale scores measured in patients enrolled in the
Frequent Hemodialysis Network Trial. The Physical Functioning subscale is composed of
10 questions about mobility (moving a table, pushing a vacuum, lifting or carrying
groceries, climbing several flights of stairs, climbing 1 flight of stairs, bending or stooping,
walking 1 mile, walking several blocks, and walking 1 block) and self-care (bathing or
dressing oneself). These scales are scored from 0-100, with higher scores indicating better
function. For composing this figure, scores were grouped by 5.
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Figure 5.
Multivariable associations with physical performance subscale score. Values are shown as
odds ratios and 99% confidence limits for independent associations with the Short Physical
Performance Battery score. Empty circles represent odds ratio estimates in which
maximized fitting to the data from our cohort is offset through penalization methods. These
estimates may be more generalizable.
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Figure 6.
Multivariable associations with self-reported physical health. Values are shown as
regression coefficients and 99% confidence limits for independent associations with the 36-
Item Short Form Health Survey physical health composite scores. Empty circles represent
regression coefficient estimates in which maximized fitting to the data from our cohort is
offset through penalization methods. These estimates may be more generalizable.
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Figure 7.
Multivariable associations with self-reported physical functioning. Values are shown as
regression coefficients and 99% confidence limits for independent associations with the 36-
Item Short Form Health Survey Physical Functioning subscale score. Empty circles
represent regression coefficient estimates in which maximized fitting to the data from our
cohort is offset through penalization methods. These estimates may be more generalizable.
Abbreviation: enPCR, equilibrated normalized protein catabolic rate.
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