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Background & objectives: Fatigue is a debilitating symptom experienced by patients undergoing dialysis, but there is only
limited information on its prevalence and its association with patient outcomes. This study examines the correlates of
self-reported fatigue at initiation of dialysis and after 1 yr and assesses the extent to which fatigue was associated with
health-related quality of life and survival.

Design, setting, participants, & measurements: A longitudinal cohort of 917 incident hemodialysis and peritoneal dialysis
patients who completed the CHOICE Health Experience Questionnaire (CHEQ) participated in the study. Fatigue was
assessed using the SF-36 vitality scale. Known predictors of fatigue including sociodemographic and psychosocial factors,
dialysis-related factors, biochemical variables including inflammatory markers, comorbidities, and medications were used as
covariates.

Results: A low vitality score was independently associated with white race, higher Index of Coexistent Disease score, higher
body mass index, lack of physical exercise, antidepressant use, and higher C-reactive protein levels (CRP). A lower vitality
score was strongly associated with lower SF-36 physical functioning, mental health, bodily pain scores, and decreased sleep
quality (all P < 0.001) at baseline. Among surviving participants, higher serum creatinine at baseline was associated with
preserved vitality at 1 yr. Patients with the highest baseline vitality scores were associated with longer survival (hazard ratio
0.75; 95% CI 0.58 to 0.96, P = 0.03).

Conclusions: The findings of this study demonstrate that ESRD patients experience profound levels of fatigue and elucidate

its correlates. Also, the association of fatigue with survival may have significant implications for this population.
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any end-stage renal disease (ESRD) patients expe-
M rience debilitating fatigue. Fatigue, which can be

conceptualized on a continuum from extreme tired-
ness to high energy (1,2), has been reported to affect 60% to 97%
of chronic dialysis patients (3-8). Fatigue is important to pa-
tients, as 94% of surveyed dialysis patients would accept more
frequent hemodialysis if it would increase their energy,
whereas only 19% would exchange more frequent treatments
for a 3-yr increase in survival (7).

Despite the high prevalence of fatigue in ESRD, we know
little about its correlates, severity, and clinical implications (9).
Cytokines have been found to be potential mediators of fatigue
in cancer (10,11), but their role in ESRD patients is not known.
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We examine the relationship of fatigue to clinical and labora-
tory factors including cytokines in a prospective study of a
diverse, national population of incident peritoneal dialysis (PD)
and hemodialysis (HD) patients. We use vitality score as a
surrogate for measurement of fatigue, with low vitality score
indicating more fatigue. We first examine the predictors of
fatigue at the initiation of dialysis treatment in the Choices for
Healthy Outcomes in Caring for End-Stage Renal Disease
(CHOICE) Study, and then determine the factors related to
longitudinal change in vitality. Lastly, we examine the relation-
ship of fatigue with health-related quality of life (HRQOL) and
survival.

Materials and Methods
Study Design and Population

The study participants were a subpopulation of patients enrolled in
CHOICE. CHOICE is a national, prospective cohort study of incident
HD and PD patients. From October 1995 to June 1998, 1041 (767 HD and
274 PD) patients were enrolled from 81 dialysis clinics associated with
Dialysis Clinic, Incorporated (DCI, Nashville, TN), New Haven CAPD
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(New Haven, CT), and the Hospital of St. Raphael (New Haven, CT).
All study participants were incident kidney failure patients initiating
outpatient dialysis, 18 yr or older, English or Spanish language speak-
ers, and gave informed consent. Patients were enrolled a median of 45 d
from initiation of chronic dialysis (98% within 4 mo).

There were a total of 917 participants who responded to the CHOICE
Health Experience Questionnaire (CHEQ) and completed at least the
items regarding vitality. Participants who did not respond to the CHEQ
(n = 113) or who had incomplete information on vitality items (n = 11)
were excluded. Of the 917 patients, 714 had complete data on all the
variables adjusted for in the models. Of these, nine patients with body
mass index (BMI) of greater than or equal to 50 were excluded from
multivariable regression analysis as outliers. Thus, the remaining 705
participants were included in the adjusted models.

The study protocol was approved by the Johns Hopkins University
School of Medicine Institutional Review Board and the institutional
review boards of the participating clinical centers.

Fatigue Assessment

The development of the CHEQ has been described previously (12).
The instrument includes the SF-36 vitality scale questions, which mea-
sure the continuum of fatigue (13). The SF-36 vitality scale has good
psychometric properties and internal consistency reliability in people
with ESRD (12). A higher score reflects more vitality and less fatigue.
Patients were also asked about the number of good waking hours they
had (“In the past 4 wk, on an average day, how many good waking
hours did you have?”).

Baseline Data Collection

Demographic characteristics, primary cause of kidney failure, and
date of first chronic dialysis were ascertained from the Centers for
Medicare and Medicaid Services Medical Evidence Form (Form 2728).
Data regarding health behaviors were collected from the baseline ques-
tionnaire. The average values for serum albumin, creatinine, phos-
phate, and hematocrit during the 3 mo surrounding study enrollment
were calculated. The single C-reactive protein (CRP) and interleukin 6
(IL-6) measurements were performed at a median time from enrollment
to serum collection at 3.0 mo (94% within 6 mo). Serum CRP, an
acute-phase protein, was measured by using a colorimetric competitive
enzyme-linked immunosorbent assay (ELISA, Coefficient of variation
[CV] 8.9%). Plasma fibrinogen was measured by using an automated
clot-rate assay (CV 2.9%). IL-6, a proinflammatory cytokine, was mea-
sured in serum by an ultrasensitive ELISA method (CV 7%). Comor-
bidity was measured by the Index of Coexistent Disease (ICED) (14).
Medication profiles were obtained by review of electronic order entry
records provided by the clinics. Dialysis modality at baseline was
defined as the modality used the majority of time within 90 d of study
enrollment.

Health-Related Quality of Life Domains

The SF-36 has been extensively evaluated both in the general and the
ESRD populations (12,15). To limit the number of comparisons, only the
associations of vitality scores with SF-36 physical functioning, mental
health, and bodily pain scores were examined, as these were a priori
thought to be related to fatigue. The range for all scales is from 0 to 100,
with higher scores indicating better health. To define sleep quality,
scores were assigned to responses for the three questions in the CHEQ
instrument assessing sleep initiation (how often did you have trouble
falling asleep?), sleep maintenance (how often did you awaken during
your sleep time and have trouble falling asleep again?), and sleep
adequacy (how often did you get enough sleep to feel rested upon
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waking in the morning?). On the CHEQ sleep quality scale, a higher
score on a scale of 0 to 100 reflects better sleep quality. The sleep quality
scale has demonstrated adequate internal consistency and reliability as
measured by the Cronbach « of 0.75, and its construct validity was
described previously (16).

Selection of Covariates

Factors previously found to be associated with fatigue in the general
population and among dialysis patients were considered as covariates
(9,17). These included: demographics (age, gender, race, education,
marital status, and employment) (18,19); lifestyle factors (current smok-
ing, alcohol consumption, and physical exercise); dialysis treatment-
related factors (mode of dialysis, dose of dialysis, cause of ESRD);
laboratory factors (hematocrit, serum albumin, creatinine, phosphate)
(20-23); psychologic factors (SF-36 mental health score, used to assess
the role of psychologic well-being) (8,24); comorbid disease (ICED
score) (9); sleep disorders (16,25,26); and inflammatory markers (CRP,
IL-6, fibrinogen) (27-29).

Statistical Analyses

Patients were grouped into four categories based on approximate
baseline vitality quartiles. Baseline demographic, socioeconomic, and
laboratory factors are described as means and SD for continuous vari-
ables and as frequency distributions for categorical variables. Statistical
significance of the differences between vitality category groups was
tested using the Kruskal-Wallis test for continuous variables and x*
tests for categorical variables. Continuous variables that were not nor-
mally distributed in the cohort (CRP, IL-6) were transformed to nor-
mality by applying a logarithmic (Box-Cox) transformation. All analy-
ses were performed using the software R (30). Univariate analysis was
done for the association of fibrinogen and IL-6; however, to avoid
problems with multicollinearity, these were not included in the same
models with CRP.

We created a linear regression ANCOVA model to identify factors
independently associated with the raw vitality score at the onset of
chronic outpatient dialysis therapy, since the proportional odds as-
sumptions for ordinal logistic regression to examine the vitality quar-
tiles were not satisfied. Model selection was based on those variables
found to have a relationship (P <0.10) to vitality in bivariate analysis,
and included major demographic factors.

In longitudinal analysis, we defined a statistically significant indi-
vidual change in vitality as a change in score exceeding two standard
errors of measurement (SEM) of vitality score at baseline (31). We
calculated the SEM as SD X V1 — R, where SD is the SD of the baseline
domain score and R is the vitality internal consistency reliability (32).
Patients who died during the follow-up year were excluded from the
analysis. We examined differences in change in vitality using multiva-
riable logistic regression.

The relationship of baseline vitality scores to survival was assessed
using multivariable Cox proportional hazard regression models. Pa-
tients with baseline vitality score in the highest quartile (score >55)
were compared with those with vitality score =55. The vitality score
was dichotomized into highest level compared with all other levels
since we found that several of the lower quartiles violated proportion-
ality. Patients who received transplants, who were lost to follow up,
and who remained enrolled at the close of the study (December 31,
2004) were censored at the time of those events. Survival regressions
were stratified by baseline modality of dialysis and ICED score and
used the robust variance method to account for the cluster effect of
dialysis centers (33). The survival time was started at 1 yr for the
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survival model examining the relationship of change in vitality in the
first year with survival.

Results
Patient Characteristics by Vitality

The range of vitality scores among these incident dialysis
patients was 0 to 100 with mean being 40.9 = 22.5 SD. Table 1
shows patient characteristics and compares patients by approx-
imate quartiles of the vitality score. Patients with worse fatigue
(lower vitality scores) were more likely to be white, had more
severe comorbid diseases (higher ICED score), did not do phys-
ical exercise, had lower serum creatinine, and minimally lower
serum albumin. A significant number of patients with lower
vitality reported using benzodiazepines and antidepressants
more often and had fewer “good waking hours.” Poor vitality
was significantly related to elevated levels of markers of in-
flammation such as CRP and IL-6 (P = 0.01 for both) but not to
fibrinogen (P = 0.81). Those with low vitality at baseline also
reported a significantly lower baseline HRQOL in the domains
of mental health, physical functioning, bodily pain, and sleep
quality.

Independent Predictors of Vitality

In multivariable linear ANCOVA analysis, nonwhite race
(including African American and other races) was associated
with higher adjusted vitality scores at the initiation of dialysis
(Table 2). Higher ICED score, higher BMI, physical exercise,
antidepressant use, and higher CRP levels were found to be
significantly associated with lower baseline vitality, but age,
gender, mode of dialysis (HD versus PD), serum albumin, and
creatinine were not (Table 2). Although BMI was found to be
statistically significant, the magnitude of change in vitality per
unit change in BMI was small.

Longitudinal Changes in Vitality

Among the participants who completed the CHEQ question-
naire at 1 yr, 464 had complete data for all the variables in-
cluded in the longitudinal analysis. Patients who had lower
serum creatinine values at baseline were more likely to expe-
rience decline in vitality (Table 3). African American patients
were less likely to experience decline in vitality. Age, gender,
albumin, BMI, physical exercise, CRP, ICED score, use of anti-
depressants, and mode of dialysis were not associated with
change in vitality (Table 3).

Association of Vitality with Survival

During a median follow-up period of 1065 d, there were 425
deaths in the cohort of 705 patients who completed a baseline
CHEQ in CHOICE and for whom complete information regard-
ing predictors of vitality were available. Patients with baseline
vitality score in the highest quartile (score >55) were compared
with those with vitality score =55. As shown in Figure 1, a
higher vitality score was associated with a lower hazard of
death (Crude HR: 0.64; 95% CI 0.49 to 0.84, P < 0.001). The
strength of the relationship between vitality and survival was
attenuated but remained statistically significant after adjusting
for age, gender, race, BMI, creatinine, albumin, CRP, dialysis
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modality, and antidepressant use (HR: 0.75; 95% CI 0.58 to 0.96,
P = 0.03). The proportionality assumption was evaluated by
examining the scaled Schoenfeld residuals (p-value for nonpro-
portionality was 0.67) (34). Neither the magnitude, nor the
significance of these associations was modified when physical
exercise was included as a covariate in the model (data not
shown).

We further analyzed the effect of change in vitality over 1 yr
on survival. The median survival for those with a decline in
vitality at 1 yr was 3.0 yr, as compared with 3.8 yr for those with
stable or improved vitality. Also, a decline in vitality in the first
year of dialysis was associated with an increased crude risk of
death. Compared with patients who reported stable or im-
proved vitality at 1 yr, patients who reported a decline in
vitality had a higher risk of death (HR 1.41; 95% CI 1.06 to 1.89,
P = 0.02), after adjusting for age, gender, race, use of antide-
pressants, dialysis modality, albumin, creatinine, log CRP, BMI,
and baseline vitality quartile.

Discussion

Our findings confirm that ESRD patients experience pro-
found levels of fatigue (8,18,22,), as underscored by average
vitality scores among these incident dialysis patients (40.9 =
22.5 SD), which is well below a community-based average score
(60.9 = 20.9) (15). Furthermore, the profound severity of fatigue
in this population is underscored by the average vitality scores
of these ESRD patients, which is lower than 12 of the 13 norms
from chronic health conditions and has similar severity to
patients with clinical depression (15). These results also indicate
the complex correlates of fatigue, some of which (e.g., poor
sleep quality) may be amenable to intervention. Our study has
the strength of representing a racially and geographically di-
verse population of incident dialysis patients that is similar in
age (mean 57.9 versus 61.1 yr), gender (males 54.2% versus
53.3%), and race (whites 66.9% versus 62.0%) distribution to
United States Renal Data System samples (35). We also adjusted
for a number of potential confounders shown to be associated
with fatigue in previous studies, thus limiting potential bias.
After adjustment for multiple cofactors, we found a significant
association between CRP levels (a marker of inflammation) and
low baseline vitality. Such associations are not surprising, since
chronic inflammatory states are linked to fatigue and to lack of
energy in other chronic conditions. The importance of fatigue
was highlighted by a strong association of lower vitality scores
with poor self-reported sleep quality and increased bodily pain.
Such association does not necessarily imply causality but indi-
cates the complex and interdependent relation between these
domains and their influence on the overall HRQOL. Examining
the association of vitality with survival revealed that lower
vitality at baseline and decline in vitality over 1 yr were both
independently associated with a higher risk of death.

A finding with significant implications for the dialysis pa-
tients is the association of baseline vitality and longitudinal
declines of vitality with survival. These associations, which
occurred independent of the patient’s age, serum albumin, and
state of inflammation (assessed by the CRP levels), are consis-
tent with data from the DOPPS study and several other small
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Table 2. Baseline characteristics independently associated with vitality scores by multiple linear regression using

ANCOVA
Characteristic Adjusted Mean Difference F statistic P value
Age (per 10 yr) 0.07 0.04 0.84
Gender (male versus female) 1.54 2.03 0.16
Race (versus White) 7.16 <0.001
Black 4.78
Other 8.71
Mode of dialysis (PD versus —-0.10 0.002 0.97
HD)
ICED score (versus ICED =1) 6.83 <0.01
ICED = 2 —4.70
ICED = 3 —5.32
BMI (kg/m?) —0.30 6.06 0.01
Physical exercise —8.30 17.52 <0.001
Using antidepressants —7.84 11.48 <0.001
Albumin (mg/dl) 3.06 2.28 0.12
Creatinine (mg/dl) 0.14 0.15 0.70
Log CRP —0.57 6.05 0.01

n = 705 (714 participants had complete information on all the variables included in the model, out of these nine

participants with BMI = 50 were excluded as outliers).

Table 3. Baseline factors associated with worsening of vitality at 1 yr®

Characteristic Adjusted Odds Ratio (95% CI) P value

Age 0.99 (0.97 to 1.01) 0.29
Gender (male versus female) 0.73 (0.40 to 1.31) 0.29
Race (versus white) 0.02

Black 0.43 (0.21 to 0.88)

Other 0.36 (0.10 to 1.25)
Mode of dialysis (PD versus HD) 1.85 (0.92 to 3.72) 0.09
ICED score (versus ICED = 1) 0.88

ICED = 2 1.04 (0.54 to 2.01)

ICED = 3 0.87 (0.43 to 1.78)
BMI (kg/m?) 1.02 (0.97 to 1.07) 0.50
Physical exercise 1.65 (0.85 to 3.18) 0.14
Using antidepressants 0.91 (0.38 to 2.20) 0.84
Albumin (mg/dl) 0.74 (0.35 to 1.57) 0.44
Creatinine (mg/dl) 0.84 (0.72 to 0.98) 0.03
Log CRP 0.90 (0.69 to 1.19) 0.47

?Adjusted for baseline vitality score.

n = 464 (includes participants who completed the CHEQ questionnaire at 1 yr and had complete information on all the

variables included in the model).

studies that have demonstrated that HRQOL predicts survival
in ESRD patients (36-38). One can postulate the existence of a
pathogenic inflammatory factors common to fatigue and de-
creased survival to explain these finding. Otherwise, one may
consider fatigue as a protean manifestation of the “residual
syndrome” due to uremic toxins in patients undergoing renal
replacement (39). To provide empiric evidence for this asser-
tion, further studies should be undertaken that combine longi-
tudinal assessments of dialysis patients and measurements of
molecular biomarkers associated with uremic toxicity (40).

Notwithstanding such explanations, fatigue is a common
manifestation of multiple co-existent conditions and health
states, most of which are not unique to dialysis. The observa-
tion that obese people had lower vitality replicates a relation-
ship that is known to exist in the general population (41,42).
Obesity has also been related to lower HRQOL in patients with
chronic medical and psychiatric conditions in the Medical Out-
comes Study (43). More recently it was shown that obesity is
related to lower HRQOL (although not vitality specifically) in
ESRD patients in the Dialysis Morbidity and Mortality Study
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Figure 1. Cumulative survival among incident dialysis patients
by vitality score (P <0.001 by log-rank test), n = 705.

(DMMS) Wave 2 (44). Our study replicates this observation and
calls for additional research to examine the impact of targeted
interventions on the quality of life and survival of dialysis
patients (45).

Inflammatory markers like IL-1, IL-6, CRP, and Tumor Ne-
crosis Factor (TNF)-a have been studied extensively in cancer-
related fatigue (11). High levels of CRP have also been shown
to correlate with poor physical performance and muscle
strength in myocardial infarction survivors and elderly people
(46,47). Studies among ESRD patients have also shown that
elevated levels of pro-inflammatory cytokines are linked to an
increase in energy expenditure, mortality, and lower functional
status (27,48,49). However, this study also provides evidence
that fatigue in dialysis patients may be independently associ-
ated with other factors in addition to inflammation, for exam-
ple, the presence of obesity, or the comorbidity burden present
at the time the patient is started on renal replacement.

Although we found a negative correlation of antidepressant
use and baseline vitality in our study, we cannot distinguish a
cause-and-effect relationship. The significant relationship may
suggest an underlying direct correlation of depression with
fatigue, as has been shown in previous studies (8). However, it
may also be due to modulation of norepinephrine, serotonin,
and/or dopamine-receptor activity by antidepressants (espe-
cially tricyclic antidepressants), which can cause somnolence,
insomnia, and muscular weakness (50). In addition, the scales
used to measure mental health and fatigue are moderately
correlated in general. Further work is needed toward defining
this intricate relationship between depression and fatigue, and
may uncover other factors amenable to intervention.

Our current finding that incident African American dialysis
patients report more vitality and less loss of vitality over time
than do non-African Americans supports the position that race
is a useful construct in understanding the adaptation to dialysis
treatment and that further exploration of racial differences in
this response may be informative. In a cross-sectional analysis
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of the DMMS Wave 2, incident African American dialysis pa-
tients had better vitality scores. However, the differences were
attenuated in this study after adjustment for patients” sociode-
mographic and clinical characteristics (51). We have previously
reported that in adjusted models, prevalent African American
HD patients have higher scores on the Index of Well-Being and
Kidney Disease Quality of Life scale, and perceived lesser bur-
den of disease as compared with whites (19). For scales reflect-
ing symptoms and effects of kidney disease, sleep quality, and
the Physical Component Summary, non-African Americans ex-
perienced significantly greater decline in scores with increasing
comorbidity (19).

There are several limitations to our study. First, we did not
measure the patients” quality of life and vitality before initiation
of dialysis. This may have attenuated or caused us to miss the
change in vitality that patients experienced at the initiation of
dialysis. Second, when examining the distribution of vitality in
our sample, we found that 32 patients reported a score of zero
at baseline. Due to this inherent floor effect and clustering of
more people toward a lower vitality score, the SF-36 scale may
fail to fully capture the full range of fatigue severity in the
dialysis population. Future work should consider instruments
with measurement of more severe fatigue, such as those being
developed in the NIH-funded PROMIS study (13). However,
these findings still demonstrate profound differences in the
fatigue experienced by people on dialysis and the general pop-
ulations. Third, these findings represent only two assessments
of the individual, one at baseline and one at 1 yr on dialysis.
Dialysis patients experience considerable diurnal and day-to-
day variations in fatigue that are probably not captured by the
questionnaire. Further work might consider using ecological
momentary assessment to incorporate repeated real-time mea-
surement of symptoms to assess subjective fatigue repeatedly
and reliably (52). Fourth, we did not have information whether
the study participants carried a clinical diagnosis of depression.
Thus, we were not able to elicit any direct association of de-
pression with vitality. Lastly, the longitudinal analyses of
change in vitality score included only those who responded to
the CHEQ at 1 yr, potentially leading to informative censoring;
however, the data presented addresses the clinically relevant
question of what correlates with worsening fatigue among
dialysis survivors.

In summary, this report demonstrates that fatigue is an im-
portant problem for patients beginning maintenance dialysis.
The presence of fatigue may be an indicator of an underlying
inflammatory burden and also help predict patients at in-
creased risk of dying. Even more importantly, dialysis patients
desire the energy to carry out a normal life, and the profound
fatigue associated with kidney failure and dialysis treatment
interferes with rehabilitation and diminishes quality of life. Our
findings provide a promising starting point for addressing the
correlates of fatigue, such as obesity and inflammation. A better
understanding of the interactions between factors such as dial-
ysis modality, sleep, depression, and cytokine production may
help clinicians develop interventions to improve survival and
quality of life among dialysis patients.
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