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Introduction: Patients on hemodialysis experience a heavy burden of symptoms that may be related

to the low levels of physical activity reported in this population. We hypothesized that physical

activity would be inversely related to symptom severity and that depression might mediate this

association.

Methods: We designed a cross-sectional study of 48 patients receiving hemodialysis at 3 San Fran-

cisco dialysis clinics. Physical activity was measured using pedometers and recorded within 1 week of

symptom assessment. Symptoms were assessed using total symptom burden and severity on the

Dialysis Symptom Index (DSI; burden 0–29, severity 0–145), individual symptoms on the DSI (0–5),

Kidney Disease Quality of Life Vitality scores, (0–100), and the Center for Epidemiologic Study-

Depression (0–60).

Results: Median daily step count was 2631 (25th, 75th percentile 1125, 5278). Seventy-three percent of

patients reported fatigue. After adjustment for age, sex, diabetes, and serum albumin, physical ac-

tivity was associated with 0.2 points lower fatigue severity per 1000 steps per day (95% confidence

interval [CI] �0.3 to 0.0), P ¼ 0.04. Physical activity was also associated with higher Vitality score (2.36

points per 1000 steps; 95% CI 0.07–4.65) and lower insomnia scores (�0.1 points per 1000 steps; 95%

CI �0.3 to 0.0], P < 0.05) in our adjusted models. Physical activity was not associated with other

symptoms.

Conclusion: Because the study was cross-sectional, we cannot determine whether physical activity lowers

fatigue and insomnia or whether less insomnia and fatigue increase physical activity. However, in-

terventions to increase physical activity should be considered alongside current strategies as a possible

approach to managing fatigue and insomnia.
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P
atients on hemodialysis experience a heavy burden
of symptoms in terms of number, frequency, and

severity. Fatigue, weakness, muscle cramps, and diffi-
culty sleeping are among the most prominently re-
ported symptoms.1–3 In addition, depressive symptoms
and anxiety are prevalent even in the absence of a
formal diagnosis of depression.4,5 Fatigue, in particular,
has been singled out as the most common and bother-
some symptom,1,2 and many patients and caregivers
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ranked it as a more important consideration in their
hemodialysis experience than survival.6,7

It is unclear whether patients’ symptoms are related
directly to end-stage renal disease, to the dialysis
treatment, or to other factors, such as the very low
levels of physical activity that are characteristic of the
dialysis population.8–10 It may be that low levels of
physical activity, independent of other dialysis-related
factors, directly contribute to the fatigue, muscle
soreness, cramping, and insomnia that many dialysis
patients experience.

We therefore sought to ascertain whether physical
activity was related to symptoms experienced by pa-
tients on hemodialysis. Given that physical inactivity is
associated with depression in the general popula-
tion,11,12 and depression might also be related to the
experience of other symptoms, we also aimed to
285
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evaluate the extent to which associations between
physical activity and symptoms were independent of
depression. We hypothesized that physical activity
would be inversely related to symptom severity,
particularly for fatigue. We further hypothesized that
depression might partially mediate the association be-
tween physical activity and fatigue.

METHODS

Study Participants

We enrolled hemodialysis patients from 3 San Francisco
dialysis clinics. Inclusion criteria included age $18
years, receiving thrice-weekly in-center hemodialysis,
being on dialysis for at least 90 days, having access to a
telephone, and being ambulatory. Participants who
used a cane or other assistive device for walking were
included, but patients who used a wheelchair or
scooter part-time were excluded. No patients had any
amputations preventing walking. A total of 48 patients
were included in the study. Patients were asked their
race and ethnicity (Hispanic or non-Hispanic), and
their medical records were reviewed to ascertain in-
formation about the dialysis prescription and labora-
tory results, comorbid conditions, and prescribed
medications. Patients provided written informed con-
sent to participate, and the study was approved by the
University of California, San Francisco Committee on
Human Research.

Physical Activity Measurement

Physical activity was measured using pedometers
(AE120; Accusplit, Livermore, CA), which are an accurate
and well-studied tool to measure walking.13–16 Partici-
pants were instructed to wear the pedometer on their belt
or waistband continuously during waking hours and to
record daily steps during the week before or after testing.
Step counts were recorded in a log each day and then the
pedometer reset to obtain step counts for the next 24-
hour period. Participants were instructed to record and
reset the pedometer at the same time each day during the
recording period. Pedometer placement was calibrated to
individual participants before the participant took the
pedometer home. They were asked to relay their step
counts to study personnel in person at their regular
dialysis session. The average daily step count over the
week of recording was obtained from these step counts.

Symptom Assessment

Assessment was performed immediately on starting a
mid-week hemodialysis session (Wednesday, Thursday,
Friday, or Saturday). We used the modified DSI, as well
as items from the Kidney Disease Quality of Life Vitality
Scale. The modified DSI is a 29-item list of symptoms that
was developed specifically for patients treated with
286
dialysis. The questionnaire asks participants about the
presence or absence of various symptoms within the past
week and how bothersome the symptoms were on a scale
from 1 (not at all) to 5 (very much). Scores on the DSI
range from 0 (no symptoms at all) to 145 (all 29 symptoms
rated as very much bothersome). There are 2 questions
specifically related to fatigue and 2 questions specifically
related to insomnia. The Kidney Disease Quality of Life
Vitality score includes 4 items related to the frequency of
fatigue-related experiences within the past month. The
score ranges from 0 to 100, with a higher score indicating
less fatigue.

To ascertain whether depression might mediate any
association between physical activity and symptoms, we
also administered the Center for Epidemiologic Studies
Depression Scale (CES-D). The CES-D is a screening tool
for depression that has 20 statements about emotions and
asks how often these statements applied to a participant
within the past week. Each item is scored from 0 to 3, and
the total score ranges from 0 to 60.

Statistical Analysis

Patients’ characteristics, physical activity level, and
questionnaire scores were summarized as median (25th,
75th percentile) for continuous variables or number
and percentage for categorical variables. For physical
activity, we calculated the mean daily steps for each
participant and then reported the median (25th, 75th
percentile) for the group. Univariable and multivari-
able linear regression analyses were used to examine
associations between physical activity and symptoms.
Linear regression analyses were also tested for hetero-
skedasticity using the Breusch-Pagan method. Multi-
variable analyses were adjusted for age, sex, diabetic
status, and serum albumin (as a surrogate marker of
nutritional status). These covariates were chosen based
on prior literature10,17–20 and expert opinion. Addi-
tional sensitivity analysis was performed using linear
regression and quintile of physical activity as predic-
tor. We also planned to conduct formal mediation an-
alyses to ascertain whether physical activity was
associated with depression and whether depression
mediated any associations between physical activity
and symptoms. The threshold for statistical significance
was P < 0.05. Statistical analyses were performed with
Stata, version 14 (StataCorp, College Station, TX).

RESULTS

Patient Characteristics, Activity, and Symptoms

A total of 101 potentially eligible patients were
approached over the course of 20 months to reach the
target of 48 participants. Demographic characteristics
of those who refused to participate were similar to
those enrolled in the study. Specifically, the median age
Kidney International Reports (2019) 4, 285–292



Table 2. Physical activity and questionnaire scores in 48
hemodialysis patients
Activity or score Median (25th, 75th percentile)

Average daily steps 2631 (1125, 5278)

DSI total symptom burden 9 (6, 12)

DSI total symptom severity 27 (14, 38.5)

Individual symptoms on DSI, %

(“feeling tired” or “having low energy”) 73

Muscle soreness 21

Muscle cramping 48

Insomnia (“trouble falling asleep”
or “trouble staying asleep”)

56

Bone or joint pain 44

CES-D total score 5.5 (2, 10)

KDQOL Vitality scorea 50 (40, 80)

CES-D, Centers for Epidemiologic Studies Depression Scale; DSI, Dialysis Symptom
Index; KDQOL, Kidney Disease Quality of Life.
aKDQOL Vitality Score from 47 patients who completed data

A Sheshadri et al.: Physical Activity and Symptoms in Hemodialysis CLINICAL RESEARCH
of the nonparticipants was 60.5 years (25th, 75th
percentile 50.5–69.0), and 71.7% were men. Nineteen
percent of nonparticipants identified as of Hispanic or
Latino ethnicity. Twenty-five percent were white, 30%
black, 25% Asian, and the remainder, other. The me-
dian age of actual participants was 57 years. Eighty-one
percent were men. Nineteen percent of participants
identified as of Hispanic or Latino ethnicity. Eight
percent reported white as their race, 46% black, 19%
Asian, and 27% other (Table 1). Forty percent of par-
ticipants had diabetes, and 94% had hypertension.

Patients’ median daily step count was 2631 (1125,
5278) (Table 2), and most patients’ mean step counts
classified them as sedentary (Figure 1a and b). Ninety-
eight percent had at least one symptom, and the median
number of symptoms was 9 (6, 12). The median total
symptom severity score on the DSI was 27 (14.0, 38.5).
Seventy-three percent of patients reported fatigue, the
most commonly reported and most bothersome symp-
tom (median symptom severity score of 1.5 [0, 3.5]).
The median CES-D score was 5.5 (2, 10), and 8 patients
(16.7%) met the cutoff for depression.
Table 1. Patient characteristics at baseline for 48 hemodialysis
patients
Characteristic n [ 48

Age, yr 57 (52, 65)

Sex, % male 81

Hispanic, % 19

Race, %

White 8

Black 46

Asian 19

Native Hawaiian/Pacific Islander 8

More than 1 race 8

Unknown/Unreported 11

Body mass index, kg/m2 29.5 (25.5, 34.6)

Comorbidities, %

Hypertension 94

Diabetes mellitus 40

Coronary artery disease 35

Congestive heart failure 31

Stroke 13

Peripheral vascular disease 10

HIV 2

Arrhythmia 17

Dialysis vintage, yr 3.1 (1.0, 6.3)

Hemoglobin, mg/dl 10.8 (9.8, 11.8)

Albumin, mg/dl 3.9 (3.8, 4.2)

Kt/V 1.48 (1.34, 1.61)

Education, %

High school or less 44

Vocational or some college 31

College degree 15

Professional or graduate degree 10

Currently smoking, % 19

Values are reported as median (25th, 75th percentile).

Kidney International Reports (2019) 4, 285–292
Association Between Physical Activity and

Symptoms

Physical activity was inversely associated with the
severity of fatigue. In univariable analysis, patients re-
ported that fatigue was 0.1 points less bothersome for
every 1000 more steps per day (95% CI �0.3 to 0; P ¼
0.03; Table 3). Physical activity remained associated with
fatigue after adjustment for age, sex, diabetes, and serum
albumin (�0.2; 95% CI �0.3 to 0.0; P ¼ 0.04). None of
the covariates included in multivariable analyses were
significantly associated with fatigue apart from serum
albumin. Physical activity was also associated with the
Kidney Disease Quality of Life Vitality score (2.53 points
[95% CI 0.53–4.52] per 1000 steps per day in univariable
analysis, and 2.36 [95% CI 0.07–4.65] in adjusted anal-
ysis). Only physical activity had a significant association
with this measure of fatigue.

Patients who were more active also reported being less
bothered by insomnia (trouble falling asleep or trouble
staying asleep) in adjusted analysis (�0.1 points per 1000
steps per day; 95% CI �0.3 to 0.0; P < 0.05) but not in
univariable analysis. Physical activity was not associated
with the total DSI symptom burden or severity score or
with individual symptoms of muscle soreness, bone or
joint pain, or muscle cramping.

We did not find evidence of heteroskedasticity in
any of our analyses.

Potential Mediation by Depression

We had hypothesized that physical activity would be
associated with symptoms of depression and that
depressive symptoms might partially mediate associa-
tions between physical activity and fatigue; however,
physical activity was not associated with CES-D score
(0.1 points per 1000 steps per day [95% CI �0.7 to
0.9]). We therefore did not perform formal mediation
analysis of depression as a potential mediator of the
287



Figure 1. (a) Distribution of daily step counts in 48 hemodialysis patients by activity level. (b) Distribution of daily step counts in 48 hemodialysis
patients per 1000 steps.

CLINICAL RESEARCH A Sheshadri et al.: Physical Activity and Symptoms in Hemodialysis
association between physical activity and fatigue or
other symptoms.

Sensitivity Analysis

Additional unadjusted sensitivity analysis using
quintile of physical activity as a predictor showed a
linear association of quintile of physical activity with
lower fatigue score on DSI (�0.34 points on DSI per
higher quintile of physical activity [95% CI �0.64
to �0.03] and 5.21 points higher on Kidney Disease
Quality of Life Vitality score per higher quintile of
physical activity [95% CI 0.33, 10.1]) but not with
insomnia or other symptoms (Supplementary Table S1).
After adjustment, quintile of physical activity
remained associated with fatigue score on the DSI
(�0.34; 95% CI �0.68 to 0.0; P < 0.05).

DISCUSSION

Most patients in our study reported fewer than 5000
steps per day, indicating that they can be considered
sedentary; only 3 patients were “active” and 1 patient
Table 3. Association of average daily step count (per 1000 steps) with phys
regression analysis

Symptom or score Coefficient (95

DSI total symptom burden 0.0 (�0.4 to

DSI total symptom severity �1.0 (�2.5 to

DSI fatigue (“feeling tired” or “having low energy”) �0.1 (�0.3 to

DSI muscle soreness �0.1 (�0.2 to

DSI muscle cramping 0.03 (�0.1 to

DSI insomnia (“trouble falling asleep” or “trouble staying asleep”) �0.1 (�0.2 to

DSI bone or joint pain �0.04 (�0.2, 0

KDQOL Vitality scoreb 2.53 (0.53 to

CES-D total score 0.1 (�0.7 to

CES-D, Centers for Epidemiologic Studies Depression Scale; DSI, Dialysis Symptom Index; KD
aAdjustment for age, sex, diabetic status, serum albumin.
bKDQOL Vitality score from 47 patients who completed data.
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“highly active.”14 Seventy-three percent of patients in
our study reported feeling fatigue, and 56% reported
symptoms of insomnia. We noted that patients who
walked more reported less fatigue, and this finding was
consistent whether they were asked to endorse state-
ments about the feeling of fatigue on the Vitality scale
or were asked how much they were bothered by fa-
tigue on the DSI.

Our findings that hemodialysis patients are rela-
tively sedentary13 and that a large percentage experi-
enced fatigue and insomnia7,21–23 are in agreement with
other studies. Although one might assume that fatigue
and insomnia would be associated with physical ac-
tivity based on inferences from the general population,
dialysis patients have a much higher prevalence of
depression,5 inflammation,24 and comorbid condi-
tions19 than the general population. These factors could
subsume or mask any association of physical activity
with symptoms, and indeed several other associations
differ in dialysis patients from the general population
(e.g., the obesity paradox).25 To our knowledge, our
ical and emotional symptoms in 48 hemodialysis patients using linear

Unadjusted Adjusteda

% CI) P Coefficient (95% CI) P

0.4) >0.9 0.0 (�0.4 to 0.4) 0.87

0.5) 0.20 �0.9 (�2.6 to 0.7) 0.26

0.0) 0.03 �0.2 (�0.3 to 0.0) 0.04

0) 0.06 �0.1 (�0.2 to 0.1) 0.21

0.2) 0.64 0.1 (�0.02, 0.3) 0.10

0.1) 0.36 �0.1 (�0.3 to 0.0) 0.05

.1) 0.65 �0.03 (�0.2 to 0.2) 0.80

4.52) 0.01 2.36 (0.07 to 4.65) 0.04

0.9) 0.84 0.0 (�1.0 to 0.9) >0.9

QOL, Kidney Disease Quality of Life.

Kidney International Reports (2019) 4, 285–292
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results are novel in that the association between
objective measures of physical activity and fatigue has
not been previously evaluated in this population.
Gordon et al.26 reported that physcial activity assessed
using the Human Activity Protocol was associated with
postdialysis fatigue, but they did not examine general
fatigue. Of note, fatigue was identified as a critically
important consideration for patients treated with he-
modialysis and providers of dialysis care in a recent
report from the Standardised Outcomes in Nephrology
initiative,6,7 which sought to establish a consensus set
of core outcomes for hemodialysis based on shared
priorities of patients and caregivers.27

It is important to consider whether the association
between physical activity and fatigue we observed is
likely to be clinically meaningful. The minimum clini-
cally important difference in the Vitality scale is
considered to be 5 to 10 points.28 In our study, every
2000 steps was associated with 5 points higher on the
Vitality scale, and 4000 steps was associated with nearly a
1-point change in symptom severity (e.g., from “not at all
bothered” to “somewhat bothered” or “somewhat both-
ered” to “bothered quite a bit”). Although the minimum
clinically important difference for this question has not
been formally established, this difference would be ex-
pected to be meaningful for patients. These results sug-
gest that differences in physical activity, even at the
relatively low levels performed by these patients, are
associated with clinically meaningful differences in
patient-reported fatigue.

Although the association between physical activity
and fatigue appears to be clinically significant, the
reason for the association requires additional consid-
eration. We hypothesize that physical activity reduces
fatigue. Possible mechanisms might include an anti-
inflammatory effect of exercise,29,30 increased muscle
strength or endurance,31,32 prevention of loss of muscle
mass,33 or overall improvement in quality of life.34,35

However, our cross-sectional analysis does not rule
out an association in the other direction. Fatigue has
been reported as a common barrier to exercise and
physical activity among patients treated with dial-
ysis,18 so it is plausible that fatigue could lead patients
to be less active.

We had initially hypothesized that depression may
mediate an association between physical activity and
fatigue or other symptoms. Prior studies have found an
association between physical activity, either by self-
report (using the Human Activity Protocol ) or based
on objective accelerometer data, and depression as
measured by the Beck’s Depression Index.36 However,
we found no association between physical activity and
depressive symptoms in univariable or multivariable
analysis. The lack of association in our study may be
Kidney International Reports (2019) 4, 285–292
because the overall level of depression in our popula-
tion was relatively low. Only 8 (16.7%) of our partic-
ipants met the standard cutoff for depression on the
CES-D of a score of $16. Some researchers have sug-
gested that given the burden of ESRD, a more accurate
cutoff would be $18,37 which only 4 (8.3%) of our
patients met.

We also hypothesized that changes in step count
would be associated with changes in the insomnia
score. Many studies in the general population have
focused on at least moderate aerobic exercise as a means
of alleviating symptoms of insomnia or improving
health.38–40 For example, in one systematic review of
the effects of exercise on insomnia in middle-aged
women, programmed aerobic exercise improved sleep
quality, but low levels of physical activity had no
statistically significant effect.41 However, in the rela-
tively sedentary dialysis population, both a prior study
by Anand et al.,42 and now our study, show that dif-
ferences in physical activity are associated with fewer
self-reported sleep symptoms despite low overall levels
of activity. Of note, the DSI includes only 2 questions
about sleep and specifically does not address early-
morning awakening, which had the strongest associa-
tion with physical activity in the prior study.42

Although many of our patients reported muscle
cramping, muscle soreness, and bone and joint pain,
physical activity was not significantly associated with
these symptoms. We had hypothesized that more active
patients might report less musculoskeletal pain because
exercise is recommended for alleviation of knee
arthritis43 even in patients with baseline physical
dysfunction44 and is also thought to be of benefit in
rheumatoid arthritis.45 However, pain has also been
reported as a barrier to activity and exercise by pa-
tients treated with dialysis.18 In this light, it may be
that the DSI is not a sensitive enough instrument to
detect differences in individual pain-related symptoms
that may be important. The low intensity of activity
could also be a reason that step counts were not asso-
ciated with some symptoms. Higher-intensity activity
or greater amounts of low-intensity activity may be
needed to address pain. Finally, there are multiple
mechanisms for pain in the dialysis population,46 and it
may be that physical activity does not address the
causes of pain experienced by patients on dialysis.

Our study has several limitations that should be
acknowledged. Because the study is cross-sectional, we
cannot determine if physical activity lowers the burden
of fatigue, if fatigue leads to lower physical activity, or
whether they are associated through another mecha-
nism (although depression did not appear to mediate).
The study participants were also selected entirely from
study centers in Northern California, which may limit
289
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generalizability of the number of step counts reported
to the broader US and international dialysis pop-
ulations; for example, European dialysis patients have a
higher baseline physical activity than patients in the
United States.15 However, we do not think that this
should affect the association between physical activity
and symptoms. Our sample size was relatively small,
which limited the number of variables we could
include in the adjusted analysis. We were not able to
consider all possible mediators or colliders (e.g., body
mass index) in our model.

Patients participating in the study were all given
pedometers, which itself could have motivated them to
increase activity.16 However, if this were true, it would
mask even lower levels of activity and would likely
bias associations toward the null rather than cause a
spurious association with fatigue. Because of how the
pedometer recordings were logged, we do not believe
there was any recall bias. We acknowledge that there
may have been willful misreporting, but we did not see
any evidence to support that possibility. Step counts
measure only walking, which does not include the full
spectrum of physical activity. However, walking is the
most common form of physical activity for most pa-
tients treated with dialysis.47 Pedometers are unable to
capture information that more modern activity trackers
can record, such as intensity of activity or duration of
individual episodes of activity. This type of data would
have further informed our interpretation of the results.
We also recognize that patients who are unable to walk
and were excluded from the study could have a
different association of physical activity with symptom
burden or severity. The instruments available to assess
symptoms among patients on dialysis are geared to-
ward total symptom burden rather than in-depth ex-
amination of key symptoms. More detailed measures of
symptoms in this population may be needed to fully
evaluate their association with physical activity.

Most patients in our cohort were sedentary; how-
ever, variations in activity level even at this low end of
the spectrum were associated with fatigue and
insomnia, which are important, pervasive, and difficult
to manage in patients treated with dialysis. In-
terventions to increase physical activity should be
considered to help manage fatigue and insomnia, either
through counseling or more directed programs.
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