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1Division of Nephrology, University of California, San Francisco. 2Division of Internal Medicine-
Nephrology, Chulalongkorn University, Bangkok, Thailand. 3Special Task Force for Activating 
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Abstract

Rationale and Objective: Patients on dialysis report very low physical activity. We 

implemented a pilot trial to assess the feasibility of a pedometer-based intervention to gather 

preliminary evidence about its impact on physical activity, symptoms, and surrogates of 

cardiovascular risk.

Study Design: Pilot randomized controlled trial.

Setting and Participants: Sixty dialysis patients from San Francisco dialysis clinics.

Intervention: Participants were randomly assigned 1:1 to receiving pedometers with weekly step 

goals or usual care for 3 months.

Outcomes: The primary outcome was step counts, measured using pedometers. Secondary 

outcomes included physical performance using the Short Physical Performance Battery, the 

Physical Function and Vitality scales of the SF-36, the Dialysis Symptoms Index, and the Center 

for Epidemiologic Studies–Depression, with endothelial function as a secondary and heart rate 
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variability (HRV) as an exploratory surrogate measure of cardiovascular risk. Targeted enrollment 

was 50% and targeted completion was 85%.

Results: Forty-nine percent of approached patients were enrolled, and 92% completed the study. 

After 3 months, patients randomized to the intervention (n=30) increased their average daily steps 

by 2,256 (95% CI, 978-3537) more than the 30 controls (P<0.001). HRV (standard deviation of N-

N intervals) increased by 14.94 ms (95% CI, 0.31-33.56; P=0.05) in the intervention group as 

compared to controls. There were no statistically significant differences across the intervention 

groups in symptoms, physical performance, or endothelial function. Participants in the 

intervention group reverted to baseline steps during the post-intervention follow-up.

Limitations: The Northern California study setting may limit generalizability. Walking does not 

capture the full spectrum of physical activity.

Conclusion: A short-term pedometer-based intervention led to increased step counts in dialysis 

patients, but the increase was not sustained. Pedometer-based interventions are feasible for dialysis 

patients, but future studies are needed to address whether more prolonged interventions can 

improve physical function or symptoms.

Funding: Supported by grants from AKF, NIH-NIDDK, and ISN.

Trial Registration: Registered at ClinicalTrials.gov with study identifier NCT02623348.
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physical activity; physical function; dialysis; symptoms; quality of life (QoL); walking; exercise; 
sedentary lifestyle; physical function; step counts; pedometer; physical performance; activity 
patterns; end-stage renal disease (ESRD); heart rate variability (HRV); endothelial function; 
randomized controlled trial (RCT)

Introduction

Patients treated with dialysis report very low levels of total physical activity (including 

activity as part of daily living and purposeful exercise) that are well below recommended1-3 

levels and even below levels reported by many healthy sedentary individuals, by as much as 

35%.4-6 These extremely low levels of activity are associated with poor functional status and 

higher mortality,7,8 even when compared to patients who are more active but still low.9 

Patients on dialysis also have impaired physical function10,11 and experience a heavy burden 

of symptoms including fatigue, weakness, and muscle cramps.12-14 These symptoms are 

worse among more sedentary patients,15,16 and it is possible that increasing activity could 

alleviate them. It is also possible that increasing activity could decrease cardiovascular 

events in this high-risk population.

Studies of moderate or vigorous exercise training in patients treated by maintenance 

hemodialysis have demonstrated improvement in physical functioning and symptoms.17-19 

However, only a fraction of patients have been willing and able to participate in these 

interventions,11 and patients who are inactive and/or unable to participate in more vigorous 

interventions may be those who could benefit most.17 It is not clear that vigorous 
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interventions are needed. In fact, less vigorous interventions may be more accessible to a 

larger number of dialysis patients.

We conducted a 3-month randomized controlled trial comparing pedometers and weekly 

step goals to usual care among 60 patients treated with dialysis, with a 3-month post-

intervention follow up without counselling or pedometers to study maintenance of effect. 

The study was a pilot to determine feasibility and participation rates and a preliminary 

efficacy trial to examine whether patients in the pedometer group would increase their step 

counts and whether any increases would be sustained after the intervention. To gather 

preliminary evidence about whether this less vigorous intervention would be sufficient to 

provide cardiovascular benefit, we also examined changes in surrogate measures of 

cardiovascular risk including endothelial function and heart rate variability (HRV).

Methods

Inclusion and exclusion criteria

We enrolled patients from three San Francisco dialysis clinics. Inclusion criteria were age 

≥18 years, receiving in-center hemodialysis (HD) or any form of peritoneal dialysis (PD), 

having telephone access, and being ambulatory. Patients using a cane or other assistive 

device were eligible, but those using wheelchairs or scooters were excluded. Patients 

provided informed consent to participate. The study was approved by the UCSF Committee 

on Human Research (14-13175) and was registered at ClinicalTrials.gov (NCT02623348).

Baseline testing

Participants were asked their race and ethnicity, and medical records were reviewed for 

information about dialysis prescription, laboratory results, comorbid conditions, and 

medications.

Primary Outcome

The primary outcome was measured step count at 3 months after the beginning of the 

intervention using pedometers (Accusplit AE120, Livermore, CA).4,20-22 Patients were 

asked to wear the pedometer at their waist continuously during waking hours for one week 

and to record their daily steps in a diary. Step counts were relayed to study personnel in 

person or by telephone.

Secondary outcomes

Secondary outcomes, also measured at 3 months after the beginning of the intervention, 

included physical performance using the Short Physical Performance Battery, the Physical 

Function and Vitality scales of the SF-36, the Dialysis Symptoms Index, and the Center for 

Epidemiologic Studies –Depression, with endothelial function as a secondary and heart rate 

variability (HRV) as an exploratory surrogate measure of cardiovascular risk. Physical 

function was assessed immediately prior to a mid-week HD session or on the day of a 

regularly scheduled PD clinic visit using the Short Performance Physical Battery (SPPB),23 

an objective assessment of lower extremity function, and the Physical Functioning (PF) 

Scale of the SF-36.24
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We used the Vitality scale from the SF-3625 as well as the modified Dialysis Symptoms 

Index (DSI).26 We also assessed depressive symptoms using the Center for Epidemiologic 

Studies –Depression instrument (CES-D).27

Endothelial function was measured noninvasively as the reactive hyperemia index with 

peripheral arterial tonometry (RHI-PAT) using the EndoPAT 2000 (Itamar Medical), 

according to their published protocols.28 Measurement was performed on a digital artery in 

the non-access hand for HD patients.

Heart rate variability was measured during the five minutes of baseline recording for 

endothelial function testing during which we also ascertained the SDNN (standard deviation 

of NN intervals on an electrocardiography waveform) and the LF/HF (ratio of low-to-high 

frequency power) as measures of HRV.29 Patients who had baseline arrhythmia were 

excluded from analyses of HRV (n=10). Complete methods are included in the 

supplementary material (S1).

Randomization

Patients were randomly assigned to participate in a 3-month intervention program or control 

group in a 1:1 ratio, stratified by dialysis modality. We targeted enrollment of 12 PD patients 

and 48 HD patients. This sample size was chosen to provide 80% power to detect an 

increase of 1,000 steps or greater in the intervention group compared to the control group 

despite predicted levels of dropout (assuming a standard deviation of 1178.5 steps per day),
30 which we felt would be clinically significant because differences in activity even below 

recommended levels are associated with better outcomes.9 Randomization was performed 

using the website Randomization.com using variable block sizes from 2-6, with assignments 

placed into sequentially-numbered opaque envelopes that were opened by study personnel 

and assigned after recruitment and baseline assessment.

Intervention

Our intervention consisted of providing pedometers in conjunction with weekly semi-

scripted counselling sessions in which a member of the study team called the participant at a 

scheduled time each week. Participants in the intervention group were asked to continue 

wearing their pedometers and to record their step counts for 3 months. During the weekly 

counselling session, participants reported their step counts, and research personnel provided 

specific step goals for the upcoming week and advised about ways to incorporate more 

walking into participants’ daily routine. Patients were encouraged to walk at a comfortable 

pace. The first counselling session took place one week after baseline assessment and 

subsequent randomization.

We recommended that participants in the intervention group increase their steps by 10% 

compared to the prior week. If patients did not meet their weekly target, we did not set a 

higher target for the subsequent week. For patients who had periods of reduced activity (e.g., 

after hospitalizations), we revised their goals (i.e., increasing in 10% increments of their new 

“baseline” daily steps).
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Patients in the control group were asked to return the pedometers after recording steps 

during the initial week of data collection and were not contacted during the intervention 

portion of the study.

After the 3-month assessment, pedometers were returned to study personnel by both groups. 

In order to study whether any gains in walking were maintained without active intervention, 

we measured step counts and our other outcomes again after an additional 3 months.

Safety Monitoring and Adverse Events:

Participants were given contact information for study personnel to report any issues or 

concerns and were asked about any issues in the preceding week at the time of their weekly 

session. Patients’ nephrologists and dialysis clinic staff were informed of patients’ 

participation at the time of enrollment.

Statistical Analysis

Patients’ baseline characteristics were summarized as median (IQR) for continuous variables 

or frequency and percentage for categorical variables. For step counts, we calculated average 

daily steps over the week prior to each assessment for each participant and reported the 

mean of those average daily steps. Other outcomes were reported as mean ±SD for each time 

period. The primary outcome was between-group difference in change in step count. We 

used mixed effects linear regression analyses to assess changes at 3 and 6 months for steps, 

physical performance and function, symptoms, endothelial function, and HRV. We also 

analyzed an “activity-relevant” subset of the DSI that included symptoms we felt may 

improve with activity as well as the individual components of that subset.14,16,31-33 We 

adjusted for the stratification factor (dialysis modality), and sex, in each model. We also 

examined whether outcomes differed among HD and PD patients in a pre-specified 

subgroup analysis via a group by subgroup interaction test. We performed post-hoc analyses 

using linear regression to examine factors associated with percentage of weekly goals 

achieved, and logistic regression to examine factors associated with achieving the overall 

step target at 3 months as set after baseline assessment.

Two-sided p-values <0.05 were considered statistically significant. Statistical analyses were 

performed using Stata, version 14 (StataCorp, College Station, TX).

Results:

Baseline characteristics, step counts, and symptoms

We approached 123 potentially eligible patients in order to reach the target of 48 HD and 12 

PD participants (Figure 1). The median age of participants was 58 years (IQR, 53-66), and 

78% were men. The racial and ethnic distribution and burden of comorbidity were similar 

between groups, but there were more men in the intervention group (Table 1). The only 

potential imbalance between groups was in sex, which we adjusted for in our analysis. 

Demographic characteristics of those who did not participate were similar to those enrolled 

in the study (Table S1).
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The mean of participants’ average daily steps at baseline was 3578 ± 3680 in the control 

group and 3924 ± 3422 in the intervention group (Table S2). Physical function, symptom 

burden and severity on the DSI, and CESD scores were similar between the groups, but 

participants in the control group had lower baseline Vitality scores than those in the 

intervention group. Median endothelial function and indicators of HRV were low in both 

groups relative to the general population.

Participation and Dropout Rates:

Forty-nine percent of patients approached for the study were enrolled, and 92% of 

participants completed the study. Ninety percent of patients in the intervention completed 

the 3-month program, and 83% of all calls were completed as planned. All participants in 

the intervention who completed the 3-month program went on to complete the 6-month 

follow-up.

Change in outcomes at three months

As shown in Table 2, at 3 months, patients in the intervention group increased their steps by 

2,256 (95% CI, 978-3537) more than participants in the control group (p<0.001). There was 

no statistically significant difference in change in SPPB score between groups at 3 months. 

There was also no statistical difference in change in symptom burden or severity on the DSI 

(including an “activity-relevant” subset of the DSI [Tables S3, S4]), Vitality Scale, or 

depressive symptoms. SDNN increased nominally, by 14.94 (95% CI, 0.31-33.56) in the 

intervention group as compared to controls, but this was of borderline statistical significance 

(p=0.05). There was no statistical difference between groups in the change in LF/HF or in 

endothelial function. The effect of the intervention did not differ significantly by modality 

(HD versus PD) for any outcome. Within-group changes are included in Table S5.

Change in outcomes from three to six months

During the 3 months after the active intervention phase, patients in the intervention group 

decreased 2,294 steps per day (95% CI, −3,593 to −991) as compared to controls, returning 

to baseline step counts. There was no significant between-group difference in change in 

objective or self-reported physical function from 3 to 6 months. However, changes in total 

symptom burden and severity on the DSI from 3 to 6 months tended to be greater among 

those in the intervention group than among controls (difference in change of 2.70 [95% CI, 

0.02-5.38] for symptom burden [p=0.05] and 11.28 [95% CI, 2.39-20.17] for symptom 

severity [p=0.01]). relative to controls, the intervention group also increased fatigue on the 

DSI (difference in change of 1.26; 95% CI, 0.46, 2.05], p=0.02) and decreased Vitality 

scores (difference in change of −13.2 [95% CI −26.15, −0.38], p=0.04) from 3 to 6 months. 

There were no statistically significant difference in changes from 3 to 6 months in any other 

outcome.

Post-hoc analysis of factors associated with meeting goals in the intervention group

Of the 28 participants who completed the intervention, 11 (37%) were able to reach the 

overall target of 10,000 steps, or an increase of 10% each week over the entire 12-week 
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intervention. The median percentage of weekly goals achieved by participants was 33% 

(IQR, 25%-67%).

Factors associated with better achievement of weekly goals were higher baseline step counts 

(5.9% [95% CI, 3.2%-8.5%] per 1,000 steps greater), SPPB score (7.1% [95% CI, 

1.0%-13.3%] per 1-point greater), and PF Score (4.5% [95% CI, 0.5%-8.5%] per 10 points 

greater) (Table 3). Only baseline step count was associated with a higher odds of meeting 

target steps at the end of the intervention (OR of 1.29 [95% CI, 1.00-1.65] per 1,000 steps 

greater) (Table 4).

Safety Monitoring and Adverse Events

Eight participants (27%) reported symptoms related to the intervention. Symptoms included 

shortness of breath (10%), soreness (10%), lower extremity pain (7%), cramping (14%), and 

fatigue during or after walking (10%). Two patients reported chest pain with walking and 

were advised to limit their walking to usual levels until consulting their cardiologists. One 

patient died during the study. The patient was in the intervention group, but the death was 

determined not to be related to the intervention. There were no hospitalizations related to the 

intervention, and at study completion there was no significant difference between groups in 

hospitalizations within the last 6 months.

Discussion:

Our intervention successfully increased patients’ step counts during the intervention period, 

but the increase was not sustained after the intervention was discontinued (Figure 2). The 

intervention did not improve symptoms or endothelial function, but HRV improved in 

patients assigned to the intervention compared with controls. In post-hoc analysis, patients 

with higher baseline step count, physical function, and Vitality were more likely to achieve 

weekly goals, though only higher baseline step count was associated with higher odds of 

meeting overall target steps.

Forty-nine percent of patients approached ultimately enrolled in the study, and 92% of 

enrolled participants completed the study, which met our targeted completion rate of 85%, 

but was less than our targeted enrollment of 50%. Concern about possibility of being 

assigned to control may have limited participation. On the other hand, performing this 

intervention outside the context of a clinical trial may result in higher enrollment but might 

have a lower completion rate if potentially less motivated patients were included. We 

observed a considerably higher rate of participation and completion than has been observed 

in studies of more vigorous intensity exercise in this population.17,34,35 It is also higher than 

was reported in two other studies of walking in dialysis patients, which reported retention 

rates of 66% over 4 months21 and 77% over 6 months respectively.36 However, participants 

in our study returned to their baseline step counts after the active period of the intervention. 

Thus, although walking may be a more acceptable intervention than other forms of exercise, 

engaging with patients to encourage and monitor walking appears to have been an important 

contributor to retaining patients in the study and to successfully increasing step counts.
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We did not find any difference in changes between the two groups in physical function, 

fatigue, or other symptoms from baseline to 3 months. However, from 3 to 6 months, 

patients in the intervention group reported a primarily fatigue-driven increase in total 

symptom burden and severity on the DSI, which is reflected by the decline in the Vitality 

scale and increase in fatigue specifically on the DSI. Although the differences between 

groups from 3 to 6 months arose in part because of improvement among patients in the 

control group as well as because of worsening in the intervention group (Tables S3, S5), the 

consistent finding of a difference in fatigue deserves consideration. We had hypothesized 

that increasing step counts would improve fatigue, as higher physical activity is associated 

with higher levels of energy or decreased levels of exhaustion in the dialysis population.37-39 

It may be that patients in our intervention group “overtrained,” resulting in fatigue, which 

can occur even in highly conditioned athletes.40 However, we would have expected to 

observe this at the 3-month assessment when participants in the intervention group were at 

their highest step counts rather than at 6 months when they had regressed to baseline. It is 

notable that there was not a concomitant decrease in physical function at 6 months. 

Therefore, it may be that the reported increase in fatigue is related in part to a change in 

perception after a decline in walking from their 3-month peak.

We also examined patient characteristics associated with meeting weekly and overall step 

goals. Patients with higher baseline step counts, physical performance, and PF score had 

better achievement of weekly goals. Patients with higher baseline step counts were also 

more likely to meet their overall targets for the intervention. We did not observe any 

differences based on age, dialysis vintage, hemoglobin, or dialysis adequacy. These findings 

may be important for development and dissemination of physical activity interventions in the 

dialysis population. For example, less active patients may do better if counselled to increase 

steps in smaller increments than the 10% increases that we recommended. Of note, the 

narrow targets for hemoglobin and Kt/V may reduce overall variability, and the lack of 

association in our study may not mean that severe anemia or underdialysis would not 

negatively impact patients’ ability or willingness to exercise. However, the lack of 

association with dialysis vintage is reassuring as it may indicate that even long-term dialysis 

patients can meet step targets.

We measured HRV as a surrogate for cardiovascular morbidity and mortality. SDNN was 

low in both groups at baseline but increased significantly in the intervention group compared 

with the controls over the 3-month intervention period, approaching mean values for short-

term HRV recordings observed among healthy individuals.41 In one observational study of 

patients with CKD not yet on dialysis, a change of similar magnitude was associated with 

lower risk of hospitalization.42 Other studies of dialysis patients have shown improvement in 

HRV after one year of moderate to vigorous exercise,43 but to our knowledge this is the first 

study showing improvement in HRV with low-intensity interventions over a shorter time 

scale.

We did not observe any difference in change in endothelial function between the groups at 

either 3 or 6 months. Effecting change in endothelial function may require longer or more 

intense activity, or there may be factors unique to dialysis patients (e.g., damage to the 
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endothelial glycocalyx44 or chronic inflammation and oxidative stress45-47) that attenuate 

the response of endothelial function to increasing walking.

Strengths of our study were the randomized design, the relatively high rates of participation 

and retention, and particularly the post-intervention follow-up. Most studies of exercise 

interventions in the dialysis population have not examined the durability of exercise 

behavior or of any associated benefits,48-50 with the exception of one small study (n=15 

completing follow-up) that prescribed metronome-based walking sessions and showed 

improvement in participants’ 6-minute walking distance post-intervention that regressed to 

baseline approximately one year later.51 Our study shows that regression in walking may 

occur much sooner post-intervention if no maintenance phase is incorporated. The fact that 

patients did not sustain their higher step counts has important implications for more 

widespread application of walking interventions. It will be important to conduct larger 

studies to assess whether more automated or technology-driven methods can be 

implemented to allow for longer interventions without requiring weekly personal contact. A 

future study should incorporate more gradual increases in steps for more sedentary 

participants and consider incorporating a directed maintenance phase after the intervention 

to sustain higher step counts. A smaller increment in step count per week (e.g., 5%) would 

also result in a lower overall target, which may be easier to maintain for patients with more 

limitations.

Our study also has several limitations that should be acknowledged. Because the study 

participants were all given pedometers initially, this could have been a motivation to increase 

walking.22 However, the control group did not have access to their pedometers during the 

intervention period and did not use pedometers off-protocol to our knowledge. Because the 

intervention included pedometers and advice to increase walking, we cannot ascertain the 

relative benefit of each of these strategies individually. Because our results are based on 

differences in measures during one week at the beginning and one at the end of each time 

period, there may have been conditions that we did not account for (e.g., weather, personal 

issues) that would cause measurements not to represent participants’ typical step counts. 

However, such issues would tend to bias results towards the null, and we do not have reason 

to suspect that these would affect one group more than another. Study participants were 

selected from dialysis facilities in Northern California, which may limit generalizability of 

physical activity to the broader US dialysis population. Despite randomization, baseline 

endothelial function was better in the intervention group, and HRV was better in the control 

group. However, any difference in these characteristics are the result of chance.52 Longer 

epochs of recording such as 24-hour HRV monitoring may provide a more complete picture 

of sympathetic and parasympathetic activity than short-term recordings. Finally, step counts 

only measure walking (a light intensity activity) and do not capture the full range of physical 

activity. However, walking is reported to be the most common form of physical activity for 

most dialysis patients.47

Our study shows that a walking intervention increased patients’ step counts among patients 

on dialysis and improved HRV. However, the increase in walking was not sustained after the 

intervention. A home-based pedometer intervention is feasible for ambulatory dialysis 

patients, but continued feedback and encouragement from providers may be necessary to 
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achieve durable change in activity. It is possible that patients who are able to successfully 

and sustainably increase walking will also have improvements in physical function or 

symptoms, although further study will be needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Recruitment and Randomization
All patients available for follow-up were included in the primary analysis.
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Figure 2. Average Daily Step Count at Baseline, 3 months, and 6 months
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Table 1.

Patient Characteristics at Baseline for 48 Hemodialysis Patients and 12 Peritoneal Dialysis Patients

Characteristic Control
(n=30)*

Intervention (n=30)* p-value

Age, years 56 (51, 65) 60 (53, 66) 0.4

Male Sex, % 63 93 0.005

Hispanic, % 17 17 0.9

Race, %

 White 17 13 0.7

 Black 37 47 0.4

 Asian 20 20 0.9

 Native Hawaiian/Pacific 10 7 0.6

 Islander

 More than one race 7 7 0.9

 Unknown/Unreported 3 7 0.2

BMI, kg/m2 31.6 (26.7, 34.6) 26.9 (25.3, 32.9) 0.5

Comorbidities, %

 HTN 93 93 0.9

 DM 40 33 0.6

 CAD 27 37 0.4

 CHF 27 30 0.8

 Stroke 13 7 0.4

  Peripheral Vascular 3 13 0.2

  Disease

 HIV 3 0 0.3

 Arrhythmia 13 20 0.5

Dialysis Vintage, years 1.9 (0.95, 4.7) 3.7 (1.5, 7.2) 0.3

Hemoglobin, g/dL 10.9 (9.8, 11.7) 10.6 (9.6, 11.7) 0.9

Serum Albumin, g/dL 3.9 (3.7, 4.1) 3.9 (3.6, 4.1) 0.6

Std Kt/V 2.37 (2.1, 2.5) 2.30 (2.07, 2.44) 0.6

Education, %

 High School or Less 37 37 0.9

 Vocational or Some 25 33 0.8

College

 College Degree 20 13 0.5

 Professional or Graduate 10 20 0.3

 Degree

Currently smoking, % 20 10 0.3

Use of Assistive Device, % 17 30 0.2

 Cane 13 20 0.5

 Walker 3 10 0.3

Data expressed as percentage or Median [IQR] as appropriate.

Am J Kidney Dis. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sheshadri et al. Page 16

Ta
b

le
 2

.

St
ep

 C
ou

nt
s,

 P
hy

si
ca

l F
un

ct
io

n,
 Q

ue
st

io
nn

ai
re

 S
co

re
s,

 E
nd

ot
he

lia
l F

un
ct

io
n,

 a
nd

 H
ea

rt
 R

at
e 

V
ar

ia
bi

lit
y 

in
 4

8 
H

em
od

ia
ly

si
s 

Pa
tie

nt
s 

an
d 

12
 P

er
ito

ne
al

 

D
ia

ly
si

s 
Pa

tie
nt

s

D
if

fe
re

nc
e 

in
 c

ha
ng

e
be

tw
ee

n 
gr

ou
ps

, a
t 

3
m

o*

D
if

fe
re

nc
e 

in
 c

ha
ng

e
be

tw
ee

n 
gr

ou
ps

, f
ro

m
 3

 t
o

6 
m

o*

D
if

fe
re

nc
e 

in
 c

ha
ng

e
be

tw
ee

n 
gr

ou
ps

, f
ro

m
ba

se
lin

e 
to

 6
 m

o*

D
if

fe
re

nc
e

(9
5%

 C
I)

p- va
lu

e*
*

D
if

fe
re

nc
e

(9
5%

 C
I)

p- va
lu

e*
*

D
if

fe
re

nc
e

(9
5%

 C
I)

p- va
lu

e*
*

P
ri

m
ar

y 
ou

tc
om

e

A
ve

ra
ge

 D
ai

ly
 S

te
p 

C
ou

nt
**

*
22

56
 (

97
8,

 3
53

7)
0.

00
1

−
22

94
 (

−
35

93
, −

99
1)

0.
00

1
−

34
 (

−
11

79
, 1

11
1)

0.
9

Sy
m

pt
om

 o
r 

Sc
or

e 
†

SP
PB

 S
co

re
−

0.
04

 (
−

0.
8,

 0
.7

3)
0.

9
−

0.
71

 (
−

1.
49

, 0
.0

7)
0.

07
−

0.
69

 (
−

1.
40

, 0
.0

2)
0.

06

PF
 S

co
re

−
1.

28
 (

−
11

.7
9,

 9
.2

3)
0.

8
−

4.
37

 (
−

15
.0

, 6
.2

5)
0.

4
−

9.
83

 (
20

.5
3,

 0
.8

6)
0.

07

D
SI

 T
ot

al
 S

ym
pt

om
 B

ur
de

n
1.

32
 (

−
1.

33
, 3

.9
8)

0.
3

2.
70

 (
0.

02
, 5

.3
8)

0.
05

4.
90

 (
2.

60
, 7

.2
0)

<
0.

01

D
SI

 T
ot

al
 S

ym
pt

om
 S

ev
er

ity
2.

31
 (

−
6.

48
, 1

1.
1)

0.
6

11
.2

8 
(2

.3
9,

 2
0.

17
)

0.
01

16
.3

6 
(8

.3
5,

 2
4.

37
)

<
0.

01

C
E

SD
 T

ot
al

 S
co

re
2.

54
 (

−
2.

14
, 7

.2
3)

0.
3

0.
44

 (
−

4.
29

, 5
.1

7)
0.

9
3.

29
 (

−
1.

07
, 7

.6
6)

0.
1

V
ita

lit
y 

Sc
or

e
2.

83
 (

−
9.

98
, 1

5.
64

)
0.

7
−

13
.2

0 
(−

26
.1

5,
 −

0.
38

)
0.

04
−

13
.7

4 
(−

25
.0

, −
2.

53
)

0.
02

Su
rr

og
at

e 
fo

r 
ca

rd
io

va
sc

ul
ar

 r
is

k 
‡

R
H

I
0.

16
 (

−
0.

33
, 0

.6
5)

0.
5

−
0.

29
 (

−
0.

35
, 0

.1
5)

0.
3

−
0.

09
 (

−
0.

54
, 0

.3
6)

0.
7

SD
N

N
14

.9
4 

(0
.3

1,
 3

3.
56

)
0.

05
−

5.
13

 (
−

23
.7

5,
 1

3.
49

)
0.

6
9.

45
 (

−
5.

93
, 2

4.
83

)
0.

2

L
F/

H
F

−
0.

12
 (

−
0.

96
, 0

.7
3)

0.
8

0.
20

 (
−

0.
65

, 1
.0

4)
0.

7
0.

06
 (

−
0.

66
, 0

.7
8)

0.
9

* D
if

fe
re

nc
e 

in
 c

ha
ng

e 
be

tw
ee

n 
gr

ou
ps

 m
od

el
ed

 th
ro

ug
h 

m
ix

ed
 e

ff
ec

ts
 li

ne
ar

 r
eg

re
ss

io
n 

an
al

ys
is

, a
dj

us
te

d 
fo

r 
se

x 
an

d 
by

 s
tr

at
if

ic
at

io
n 

fa
ct

or
 (

m
od

al
ity

).

**
p-

va
lu

e 
fo

r 
be

tw
ee

n-
gr

ou
p 

co
m

pa
ri

so
n 

of
 c

ha
ng

e,
 a

dj
us

te
d 

fo
r 

se
x 

an
d 

by
 s

tr
at

if
ic

at
io

n 
fa

ct
or

 (
m

od
al

ity
).

**
* A

ve
ra

ge
 d

ai
ly

 s
te

p 
co

un
t w

as
 c

al
cu

la
te

d 
by

 a
ve

ra
gi

ng
 in

di
vi

du
al

 d
ai

ly
 s

te
p 

co
un

ts
 o

ve
r 

th
e 

w
ee

k 
pr

io
r 

to
 e

ac
h 

as
se

ss
m

en
t.

† SP
PB

, S
ho

rt
 P

hy
si

ca
l P

er
fo

rm
an

ce
 B

at
te

ry
; P

F,
 P

hy
si

ca
l F

un
ct

io
ni

ng
 S

ca
le

 o
f 

th
e 

SF
-3

6;
 D

SI
, D

ia
ly

si
s 

Sy
m

pt
om

 I
nd

ex
; C

E
SD

, C
en

te
rs

 f
or

 E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

D
ep

re
ss

io
n 

Sc
al

e.

‡ E
nd

ot
he

lia
l F

un
ct

io
n 

an
d 

H
ea

rt
 R

at
e 

V
ar

ia
bi

lit
y 

re
co

rd
ed

 in
 4

0 
H

D
 p

at
ie

nt
s 

an
d 

10
 P

D
 p

at
ie

nt
s 

w
ith

ou
t a

rr
hy

th
m

ia
. R

H
I,

 R
ea

ct
iv

e 
H

yp
er

em
ia

 I
nd

ex
; S

D
N

N
, S

ta
nd

ar
d 

D
ev

ia
tio

n 
of

 N
-N

 in
te

rv
al

s;
 L

F/
H

F,
 

R
at

io
 o

f 
L

ow
 F

re
qu

en
cy

 P
ow

er
 to

 H
ig

h 
Fr

eq
ue

nc
y 

Po
w

er
.

Am J Kidney Dis. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sheshadri et al. Page 17

Ta
b

le
 3

.

Po
st

-h
oc

 L
in

ea
r 

R
eg

re
ss

io
n 

A
na

ly
si

s 
of

 F
ac

to
rs

 A
ss

oc
ia

te
d 

w
ith

 M
ee

tin
g 

W
ee

kl
y 

G
oa

ls
 (

N
=

30
)

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

*
D

if
fe

re
nc

e 
in

 w
ee

kl
y 

go
al

co
m

pl
et

io
n 

(9
5%

 C
I)

**
p-

va
lu

e

A
ge

, p
er

 1
0 

y 
ol

de
r

−
0.

4%
 (

−
1.

4,
 0

.5
)

0.
3

D
ia

ly
si

s 
vi

nt
ag

e,
 p

er
 1

-y
 o

ld
er

−
1.

6%
 (

−
5.

0,
 1

.7
)

0.
3

H
em

og
lo

bi
n,

 p
er

 1
-g

/d
L

 g
re

at
er

0.
04

%
 (

−
2.

6,
 2

.7
)

0.
9

Se
ru

m
 A

lb
um

in
, p

er
 1

-g
/d

L
 g

re
at

er
24

.7
%

 (
−

8.
5,

 5
7.

9)
0.

1

St
d 

K
t/V

, p
er

 1
-u

ni
t g

re
at

er
−

13
.4

%
 (

−
46

.9
, 2

0.
1)

0.
4

B
as

el
in

e 
st

ep
 c

ou
nt

, p
er

 1
,0

00
 s

te
ps

 g
re

at
er

5.
9%

 (
3.

2,
 8

.5
)

<
0.

00
1

SP
PB

 S
co

re
, p

er
 1

 p
oi

nt
 g

re
at

er
7.

1%
 (

1.
0,

 1
3.

3)
0.

03

PF
 S

co
re

, p
er

 1
0 

po
in

ts
 g

re
at

er
4.

5%
 (

0.
5,

 8
.5

)
0.

03

V
ita

lit
y 

Sc
or

e,
 p

er
 1

0 
po

in
ts

 g
re

at
er

1.
6%

 (
−

2.
8,

 6
.0

)
0.

46

D
SI

 T
ot

al
 S

ym
pt

om
 B

ur
de

n,
 p

er
 1

 p
oi

nt
 g

re
at

er
0%

 (
−

2.
0,

 1
.8

)
0.

9

D
SI

 T
ot

al
 S

ym
pt

om
 S

ev
er

ity
, p

er
 1

 p
oi

nt
 g

re
at

er
−

0.
1%

 (
−

0.
6,

 0
.4

)
0.

6

C
E

SD
 S

co
re

, p
er

 1
 p

oi
nt

 g
re

at
er

0.
5%

 (
−

1.
5,

 0
.5

)
0.

3

* SP
PB

, S
ho

rt
 P

hy
si

ca
l P

er
fo

rm
an

ce
 B

at
te

ry
; P

F,
 P

hy
si

ca
l F

un
ct

io
ni

ng
 S

ca
le

 o
f 

th
e 

SF
-3

6;
 D

SI
, D

ia
ly

si
s 

Sy
m

pt
om

 I
nd

ex
; C

E
SD

, C
en

te
rs

 f
or

 E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

D
ep

re
ss

io
n 

Sc
al

e.

**
U

ni
va

ri
ab

le
 a

na
ly

si
s.

Am J Kidney Dis. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sheshadri et al. Page 18

Ta
b

le
 4

.

Po
st

-h
oc

 L
og

is
tic

 R
eg

re
ss

io
n 

A
na

ly
si

s 
of

 F
ac

to
rs

 A
ss

oc
ia

te
d 

w
ith

 L
ik

el
ih

oo
d 

of
 M

ee
tin

g 
O

ve
ra

ll 
Ta

rg
et

s 
(N

=
30

)

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

*
O

R
 (

95
%

 C
I)

**
p-

va
lu

e

A
ge

, p
er

 1
0 

y 
ol

de
r

0.
54

 (
0.

27
, 1

.0
8)

0.
08

D
ia

ly
si

s 
vi

nt
ag

e,
 p

er
 1

-y
 o

ld
er

0.
92

 (
0.

74
, 1

.1
5)

0.
5

H
em

og
lo

bi
n,

 p
er

 1
-g

/d
L

 g
re

at
er

0.
98

 (
0.

12
, 1

.1
7)

0.
8

Se
ru

m
 A

lb
um

in
, p

er
 1

-g
/d

L
 g

re
at

er
6.

83
 (

0.
57

, 8
2.

14
)

0.
1

St
d 

K
t/V

, p
er

 1
-u

ni
t g

re
at

er
1.

85
 (

0.
21

, 1
6.

16
)

0.
6

B
as

el
in

e 
st

ep
 c

ou
nt

, p
er

 1
,0

00
 s

te
ps

 g
re

at
er

1.
29

 (
1.

00
, 1

.6
5)

0.
05

SP
PB

 S
co

re
, p

er
 1

 p
oi

nt
 g

re
at

er
1.

40
 (

0.
86

, 2
.2

7)
0.

2

PF
 S

co
re

, p
er

 1
0 

po
in

ts
 g

re
at

er
1.

08
 (

0.
81

, 1
.4

3)
0.

6

V
ita

lit
y 

Sc
or

e,
 p

er
 1

0 
po

in
ts

 g
re

at
er

0.
94

 (
0.

72
, 1

.2
3)

0.
6

D
SI

 T
ot

al
 S

ym
pt

om
 B

ur
de

n,
 p

er
 1

 p
oi

nt
 g

re
at

er
0.

98
 (

0.
87

, 1
.1

)
0.

7

D
SI

 T
ot

al
 S

ym
pt

om
 S

ev
er

ity
, p

er
 1

 p
oi

nt
 g

re
at

er
0.

99
 (

0.
96

, 1
.0

3)
0.

7

C
E

SD
 S

co
re

, p
er

 1
 p

oi
nt

 g
re

at
er

1.
03

 (
0.

97
, 1

.1
0)

0.
3

* SP
PB

, S
ho

rt
 P

hy
si

ca
l P

er
fo

rm
an

ce
 B

at
te

ry
; P

F,
 P

hy
si

ca
l F

un
ct

io
ni

ng
 S

ca
le

 o
f 

th
e 

SF
-3

6;
 D

SI
, D

ia
ly

si
s 

Sy
m

pt
om

 I
nd

ex
; C

E
SD

, C
en

te
rs

 f
or

 E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

D
ep

re
ss

io
n 

Sc
al

e.

**
U

ni
va

ri
at

e 
an

al
ys

is
.

Am J Kidney Dis. Author manuscript; available in PMC 2021 April 01.


	Abstract
	Introduction
	Methods
	Inclusion and exclusion criteria
	Baseline testing
	Primary Outcome
	Secondary outcomes
	Randomization
	Intervention
	Safety Monitoring and Adverse Events:
	Statistical Analysis

	Results:
	Baseline characteristics, step counts, and symptoms
	Participation and Dropout Rates:
	Change in outcomes at three months
	Change in outcomes from three to six months
	Post-hoc analysis of factors associated with meeting goals in the intervention group
	Safety Monitoring and Adverse Events

	Discussion:
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.



