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sion Inventory and feeling thermometer. These instruments 

have been shown to have high reliability, validity and re-

sponsiveness to change in the end-stage renal disease pop-

ulation. Additional items evaluating PRO including sexual 

function, time to recovery after dialysis and patients’ self-

perceived burden to caregiver were also assessed. All ques-

tionnaires were administered by trained interviewers using 

computer-assisted telephone interviewing to ensure blind-

ing and minimizing selection bias. Interim analysis reveals 

that these instruments can be used to collect a comprehen-

sive set of HRQOL measures with minimal patient burden. 

 Conclusions:  Accurate measurement of HRQOL and PRO can 

help us test whether hemodialysis interventions improve the 

health and well-being of this compromised patient popula-

tion. We have shown that a comprehensive set of HRQOL 

measures can be centrally collected through telephone in-

terviews in a blinded fashion, in a way that is well tolerated 

with minimum respondent burden. 

 Copyright © 2011 S. Karger AG, Basel 
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 Abstract 

  Background:  End-stage renal disease patients experience 

significant impairments in health-related quality of life 

(HRQOL). Testing various strategies to improve patient 

HRQOL in multicenter clinical trials, such as the Frequent He-

modialysis Network (FHN) trials is vitally important.  Aims:  
The   aim of this paper is to describe the design and conduct 

of HRQOL and patient-reported outcomes (PRO) assessment 

in the FHN trials.  Methods:  In the FHN trials, HRQOL was ex-

amined as a multidimensional concept, and the SF-36 RAND 

Physical Health Composite score was one of the co-primary 

outcomes. The instruments completed to assess HRQOL 

 included the Medical Outcomes Study Short Form SF-36, 

Health Utilities Index 3, Sleep Problems Index, Beck Depres-
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 Introduction 

 Health-related quality of life (HRQOL) may be an 
 important and often overlooked outcome in patients un-
dergoing maintenance hemodialysis (HD). Patients with 
chronic kidney disease and end-stage renal disease 
(ESRD) on maintenance renal replacement therapy 
(RRT) experience significant physical, emotional, mental 
and psychosocial impairments which are reflected in 
poor HRQOL scores  [1–3] . Over half of maintenance di-
alysis patients experience physical and emotional symp-
toms including fatigue, muscle cramps, pain, difficulty 
with sleep and sexual dysfunction which are directly cor-
related with impaired HRQOL and greater levels of de-
pression  [4] . The prevalence of fatigue is reported to range 
from 60% to as high as 97% in patients on long-term RRT 
 [3] . While 25–30% of the maintenance dialysis patients 
suffer from depression  [5, 6] , poor sleep quality has also 
been widely noted  [7] . In these patients on maintenance 
RRT, it is both the disease and the treatment which con-
tribute to poor HRQOL and patient-reported outcomes 
(PROs). A PRO is any report of the status of patient’s 
health condition that comes directly from the patient, 
without interpretation of the patient’s response by a clini-
cian or anyone else. PRO is a broad term that includes any 
data collected by self-report from the patients such as 
HRQOL, symptoms, and health utilities. 

  HRQOL is an outcome that is directly important to pa-
tients, unlike outcomes such as physiologic or biochemi-
cal measures that do not directly influence how patients 
feel  [8] . Patients undergoing maintenance dialysis give 
more importance to improved quality of life than surviv-
al. In a study of 100 maintenance HD patients, 94% and 
57% of the patients would undergo more frequent dialysis 
if it improved their energy level and sleep quality, respec-
tively, but only 19% would undergo this for increase in 
survival of up to 3 years  [9] . Furthermore, HRQOL has 
been shown to be an independent predictor of survival in 
ESRD patients  [10, 11] . Dialysis Outcomes and Practice 
Patterns Study, an international, prospective, observa-
tional study of randomly selected HD patients found that 
lower HRQOL scores were strongly associated with high-
er risk of death and hospitalization in HD patients, inde-
pendent of a series of demographic and comorbid factors 
 [12] . Similarly, in a large cross-sectional study among ap-
proximately 14,000 prevalent dialysis patients, HRQOL 
measures of Physical Component Summary (PCS) and 
Mental Component Summary (MCS) were consistent pre-
dictors of hospitalizations and mortality rates even after 
adjustment for clinically relevant factors  [11] .

  Insofar as HRQOL and PRO measure patient well-be-
ing, improving HRQOL is an important goal of RRT. The 
value of HRQOL measurement to improve clinical care 
and as a legitimate outcome of clinical trials has
been recognized by many in the research community  [13, 
14] .Concurrent measurement of several dimensions of 
HRQOL and variables that influence HRQOL is crucial 
 [15] . However, which domains best represent patient well-
being, and which are the best HRQOL instruments re-
main unresolved questions. The Frequent Hemodialysis 
Network (FHN) Trials are testing the hypothesis that 
more frequent HD improves the health and well-being of 
dialysis patients  [16] . The FHN trials are two separate 
randomized controlled trials. In the Nocturnal Trial, 5–6 
nights weekly HD was compared to thrice weekly HD. In 
the Daily Trial, short-frequent in-center HD was com-
pared to thrice weekly in-center HD. The two co-prima-
ry outcomes of the study were: (1) a composite of mortal-
ity with the change in the 36-Item Short-Form Health 
Survey (SF-36) RAND Physical Health Composite (PHC), 
and (2) a composite of mortality and change in left ven-
tricular mass. Both the Nocturnal and Short Daily trials 
have been collecting long-term follow-up (up to 24 
months) of HRQOL.

  A valid baseline measure of HRQOL was a prerequisite 
prior to randomization in the FHN Trials. This was to 
ensure that baseline data are available for follow-up com-
parisons in HRQOL. The domains selected by FHN in-
vestigators were physical and mental well-being, depres-
sive symptoms, and sleep. The aim of this paper is to de-
scribe the design, rationale and conduct of the HRQOL 
and PRO assessment in the FHN trials (table 1). 

  Dialysis Clinical Trials to Improve HRQOL in

HD Patients 

 Given the importance of HRQOL in patients with 
ESRD, many investigators have studied various modifi-
cations of HD to improve HRQOL and clinical outcomes. 
The HEMO Study examined the effect of HD dose and 
membrane flux on HRQOL using Kidney Disease Qual-
ity of Life-Long Form and Index of Well-Being question-
naires, and found no clinically meaningful benefits of ei-
ther of these interventions on any of the HRQOL indices 
 [17] . Small observational reports and trials have suggest-
ed that more frequent HD treatments may provide more 
physiologic RRT and improve clinical outcomes and 
HRQOL  [18–20] . In a systematic review of studies on dai-
ly HD by Suri et al.  [19] , significant improvements in SF-
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36 PCS and MCS domains, minutes to recovery after di-
alysis and health utilities were found, but these results 
were not consistent across studies. A systematic review of 
studies evaluating nocturnal HD revealed highly variable 
improvement in HRQOL after conversion from conven-
tional to nocturnal HD  [20] . For example, some small 
studies reported greater than 85% improvement in select-
ed HRQOL domains, while others noted only minimal 
improvements  [21, 22] . Cross-sectional comparison of 
HRQOL, depression and intrusiveness of illness among 
nocturnal HD and peritoneal dialysis patients found no 
significant differences  [23] . A 6-month randomized con-
trolled study of conventional versus 6 nights per week 
nocturnal HD by the Alberta Kidney Disease Network 
showed significant improvements in selected kidney-spe-
cific domains of QOL (effects of kidney disease and bur-
den of kidney disease) but did not improve overall 
HRQOL as measured by Kidney Disease Quality of Life 
Short Form and Euroqol EQ-5D. Assessment of HRQOL 
with extended follow-up of participants after comple-
tion of the trial also revealed similar results  [24] . In the 
London Daily/Nocturnal Hemodialysis Study, compari-
son of 23 patients on short daily or long nocturnal HD 
with 22 conventional thrice-weekly HD patients showed 
that quotidian HD patients maintained functionality 
throughout the study period, whereas control patients 
showed a significant loss. Given the choice, all patients 
chose to remain on quotidian HD therapy after switching 
from conventional HD therapy  [25] . More recently, in-
terim analysis from the ongoing FREEDOM (Following 
Rehabilitation, Economics and Everyday-Dialysis Out-
come Measurements) study revealed significant decrease 

in mean Beck Depression Inventory (BDI) score and 
postdialysis recovery time over 12 months in patients un-
dergoing daily (6 times per week) HD  [26] .

  Conceptual Model of HRQOL in FHN Trials 

 Patient-centered quality of life outcomes can be con-
ceptualized as not merely an absence of disease or infir-
mity but also the overall well-being of the patient  [27, 28] . 
In the FHN trials, HRQOL was examined with multidi-
mensional assessment ( fig.  1 ). One of two study copri-
mary outcomes was a composite of physical well-being as 
measured by an SF-36 RAND summary score (Physical 
Health Component) and mortality. The FHN trials also 
measured symptoms of depression, mental health, health 
utility, sleep problems, self-perceived burden of care and 
sexual function. These aspects of HRQOL are domains 
that may be impacted by the study intervention and are 
valued by patients with ESRD.

  Measures to Assess HRQOL in the FHN Trials 

 One of the main challenges to improving HRQOL is 
the accuracy and validity of standardized assessment 
tools to measure the HRQOL domains. The optimal 
HRQOL assessment tools in the FHN trials would be 
multidimensional, incorporate both generic and disease-
specific measures, be easy to administer and yield indices 
that measure differences that can be clearly compared to 
normative data. They should have high reliability, valid-

Table 1. I nstruments used to assesses PRO in the FHN

Domain Definition Instrument

Core assessments
Physical functional status Capacity to perform basic physical activities of daily

life, ratings of vitality and bodily pain 
SF-36

Psychological symptoms General mood or affect, severity of depression SF-36, BDI

Social/role functioning Extent to which health interferes with social
activities/responsibilities

SF-36

Global quality of life General evaluation of health status and well-being SF-36, feeling thermometer

Supplemental assessments
Physical functioning in specific areas Limitations in ambulation, mobility, body care, sleep HUI3, sleep problems index
Hemodialysis-specific concerns Positive and negative effects Self-perceived burden to caregiver, sexual 

function, recovery time, inconvenience
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ity and responsiveness to change. The following mea-
sures, which have been tested in the ESRD population, 
were thought to best meet the above criteria and were 
used in the FHN trials.

  Medical Outcomes Study SF-36  
 The four most commonly used generic global HRQOL 

assessment instruments used in the ESRD population 
have been the Medical Outcomes Study SF-36  [29, 30] , the 
Sickness Impact Profile (SIP)  [31] , the Campbell Indices 
 [32, 33]  and the Nottingham Health Profile (NHP)  [34] .

  The SIP questionnaire, which has 12 categories of 
health-related activities, has demonstrated high reliabil-
ity (0.88–0.92)  [35]  but results of validity testing in the 
ESRD population have varied  [33] . A limitation of SIP is 
that the 136 items take about 25 min to complete  [36] . For 
the NHP, there is no evidence of validity testing in the 
ESRD population  [37] .

  The SF-36 is one of the most commonly used instru-
ments to measure HRQOL in the ESRD population  [29, 
30, 36, 37] . It has two components, (PCS and MCS), and 
8 subscales which have been tested extensively for reli-
ability and validity in HD patients  [14] . In addition, 
norms for the general US population have been reported. 
The survey is well-accepted by HD patients, taking only 
5–10 min to complete  [38, 39] . SF-36 function score has 
been shown to be responsive to clinical change on imple-
menting interventions such as the use of erythropoietin 
to reduce anemia in the ESRD population  [40] . It has also 
been shown to be responsive to clinical change for daily 
and nocturnal HD  [25] . Thus, the RAND PHC from the 

SF-36 was used as the global HRQOL assessment tool for 
the FHN trials. The RAND PHC score, which is based on 
the same SF-36 scales as the PCS score (physical function, 
role-physical, pain, general health perceptions), was used 
as a component of a co-primary outcome rather than one 
of the SF-36 summary scales (PCS, MCS). This is because 
the Medical Outcomes Study scoring system makes the 
assumption that there is no correlation between physical 
and mental health. In order to support this assumption, 
some of the subscales have a negative weighting in the 
PCS (and MCS). For example, in scoring the MCS, the 
physical functioning score is negatively weighted such 
that a person with poor physical function can have their 
MCS scores somewhat increased not because of better 
mental well-being, but due to poor physical well-being. 
Thus, the PCS and MCS can in some cases produce in-
congruous results when respondents score at the ex-
tremes of the scales. For example, the MCS failed to de-
tect major clinical differences associated with disease 
progression, despite significant differences in its compo-
nent subscales  [41] . Unlike the PCS, however, the scoring 
algorithm used to calculate the PHC is based on nonor-
thogonal factor rotation. This allows the PHC to correlate 
with mental health, unlike the PCS.

  Health Utilities Index 3  
 Utility scores provide an overall assessment of HRQOL 

of patients and are useful in cost-utility and cost-effec-
tiveness analyses. Changes in quantity of life, as mea-
sured in years, can be combined with changes in quality 
of life, as measured in utilities, to determine the number 
of quality-adjusted life years gained by a particular health 
intervention. This can be compared with the incremental 
cost of the program to determine the cost per quality-
adjusted life-year gained. Utilities may be measured di-
rectly by means of techniques such as visual analog scal-
ing, standard gamble, or time trade-off (TTO). The TTO 
is a preference-based approach that provides a health in-
dex  [36] . Although it has been shown to have adequate 
reliability and validity  [42] , it is not very responsive to 
change with interventions  [43] . Utilities may be deter-
mined indirectly by means of a preference-weighted 
multi-attribute health status classification system such as 
the Health Utilities Index 3 (HUI3) and EuroQOL-5D 
 [44, 45] .

  The HUI3 is a 21-item generic health instrument for 
determining overall utility associated with particular 
health states. The HUI questionnaire is composed of 
eight attributes of high importance to members of the 
general population: vision, hearing, speech, ambulation, 

Psychological
� clinical disorder
� subclinical distress

Physical functional
� ambulation, mobility
� fatigue
� sleep
� pain

Social
� relationship stability
� sexual activity/satisfaction
� social adjustment
� caregiver burden

Global QOL
� perceived health

Nested HRQOL Outcomes of FHN

Dialysis 

Support

Physical functional

Psychological

Social

Global QOL

  Fig. 1.  Multidimensional assessment of HRQOL in FHN.   
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dexterity, emotion, cognition, and pain. A preference-
based scoring function, based on multi-attribute utility 
theory, allows conversion of questionnaire responses into 
measures of overall health utility, which can then be used 
to calculate quality-adjusted life years  [46] . HUI3 pro-
vides comprehensive, reliable, responsive and valid mea-
sures of health status and HRQOL  [46] . In the London 
study, the HUI3 showed differential responsiveness to 
change in nocturnal versus conventional HD patients 
during longitudinal follow-up. Test-retest reliability at 4 
weeks was 0.77  [25] . Given the experience with HUI3 in 
ESRD patients, it was used for quality-adjustment of sur-
vival time in the economic evaluation of the FHN trials.

  Feeling Thermometer  
 The feeling thermometer is a single question that asks 

subjects to rate their own health on a visual analog scale 
from 0 to 100, with 0 being dead and 100 being perfect 
health  [47, 48] . The feeling thermometer has been used in 
numerous studies to permit patients to provide prefer-
ence ratings of their own health status (health utilities). 
Although it has not been shown to discriminate between 
dialysis modalities, it has demonstrated responsiveness to 
therapy in multiple health states  [47, 48] . Thus, the 12-
month change in feeling thermometer score was used as 
an additional secondary outcome in this trial.

  Beck Depression Inventory 
 Some of the measures that have been used to screen for 

depression in patients with ESRD are the BDI, Hamilton 
Rating Scale for Depression (HAMD), Nine-Question 
Patient Health Questionnaire (PHQ-9), Center for Epide-
miologic Studies Depression Scale, and the Cognitive De-
pression Index (a subset of BDI)  [49] . The BDI, a 21-ques-
tion validated survey presented in multiple choice for-
mat, measures the presence and degree of depression in 
adults. Each of the answers is scored on a 0–3 scale, and 
inventory items correspond to a specific category of de-
pressive symptom and/or attitude. BDI results are highly 
correlated with psychiatrists’ ratings using the Hamilton 
Rating Scale (0.75–0.80). Based on a pooled analysis of 
studies in primary care, the sensitivity and specificity of 
the BDI in detecting moderate-severe depression are ap-
proximately 90% and 56%, respectively. Depressive symp-
toms are frequently encountered in patients with ESRD 
 [50] . The BDI has been frequently used to assess presence 
and severity of depression in patients with ESRD  [49, 51] . 
High scores on the BDI have predictive value at diagnos-
ing depression and are associated with mortality in this 
patient population  [52, 53] . BDI has also been shown to 

be responsive over time in ESRD patients  [49] . Thus, BDI 
was chosen to assess depression in the FHN study. 

  The Medical Outcomes Study Sleep Problems Index  
 Sleep is an important aspect of HRQOL in patients 

with ESRD  [9] . While there are a large number of poten-
tial sleep quality instruments  [54] , a limited number have 
been used in ESRD patients. The Epworth Sleepiness 
Scale (ESS) is an 8-item measure of sleepiness and is per-
haps the most widely used self-reported sleep tool  [55] . 
However, the ESS measures only propensity to sleep dur-
ing the day and misses other aspects of sleep. The Pitts-
burgh Sleep Quality Index (PSQI) includes 19 questions 
regarding the subjects’ sleep pattern over the previous 
one month that are combined into seven clinically-de-
rived component scores, each weighted equally from 0 to 
3. The seven component scores are added to obtain a 
global score ranging from 0 to 21. The questions require 
open-ended answers regarding sleep timing, and multi-
ple-choice responses regarding the severity or frequency 
of other sleep habits and problems. It has good internal 
homogeneity, test-retest reliability, discriminant validity 
 [56] , and responsiveness to treatments  [57]  and has been 
used in the ESRD population  [58, 59] . However, there was 
limited experience with the Pittsburgh Sleep Quality In-
dex in ESRD patients at the time of the FHN trial design.

  The Medical Outcomes Study Sleep Problems Index 
(SPI) is a 12-item measure that includes items on sleep 
initiation and maintenance, sleep adequacy, daytime 
somnolence, and respiratory disturbance; items of the 
SPI are summed to obtain an overall sleep score. Subjects 
are instructed to relate responses to sleep habits over the 
previous month. Because the SPI showed good internal 
consistency, reliability (Cronbach’s  �  = 0.70) and dis-
criminative validity, with worse sleep quality in HD pa-
tients versus patients without known kidney disease  [7] , 
the SPI was chosen as the instrument to assess sleep qual-
ity in the FHN study.

  Self-Perceived Burden on Caregiver 
 The Self-Perceived Caregiver Burden Scale is a mea-

sure to identify patients’ feelings of being a burden on 
others. The conceptual framework and scale items were 
derived from qualitative interviews with ESRD patients 
and health professionals. This HRQOL measure was im-
portant given the potential impact on caregivers of more 
frequent HD. The Self-Perceived Burden Scale was a mea-
sure of caregiver burden developed in the ESRD popula-
tion. These items were then administered in a construct 
validation to 100 outpatients undergoing HD. A shorter 
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form of the Self-Perceived Burden Scale (10-item abbre-
viation) was used in the FHN Trials since this comprised 
much of the variability of the longer form and had ade-
quate internal consistency reliability ( �  = 0.85)  [60] . 

  Dialysis-Specific Questions 
 There were 8 questions that related to dialysis out-

comes including time to recovery after dialysis, adher-
ence to medications, preference for dialysis modality, and 
three items regarding sexual function. Post-HD fatigue, 
a common, often incapacitating symptom, has been 
shown to be less prevalent in daily HD patients compared 
to conventional thrice-weekly HD  [25, 26, 61] . ‘Time to 
recover from HD session’, which measures this aspect has 
been shown to be a reliable and valid measure of HRQOL 
and is sensitive to change in the ESRD population  [61] .

  Although the issue of how best to measure medication 
compliance remains controversial  [62] , self-reporting has 
been shown to provide similar estimates of overall adher-
ence as compared to electronic and prescription refill ad-
herence measurement (84% vs. 86% vs. 91%, respectively) 
 [63] . Medication adherence in the FHN study was as-
sessed by patients’ self-reporting of missing doses.

  Methods of Administration of HRQOL Tools in FHN 

 Self-administered questionnaires may be more diffi-
cult to complete for the elderly, minority groups and 
those with high comorbidity, and may exclude patients 
with low literacy, visual problems and diminished dex-
terity creating selection bias  [64] . Furthermore, it is not 
possible to blind patients and their health care providers 
to the assigned dialysis intervention in the FHN trials. 
PROs such as HRQOL are considered by some to be sub-
jective in their assessment, and their ascertainment could 
be influenced by individuals who record survey data if 
they were knowledgeable about the assigned dialysis in-
tervention and have preconceived notion of its benefit. To 

address these considerations, the HRQOL questionnaires 
were centrally administered by trained interviewers us-
ing computer-assisted telephone interviewing. HRQOL 
was assessed at baseline, at 4–5 months, and at 12–14 
months after randomization by interviewers blinded to 
treatment allocation through a central telephone service 
at the University Center for Social and Urban Research at 
the University of Pittsburgh. The instruments were com-
pleted in the following order: SF-36 Survey, HUI3, BDI, 
SPI, Caregiver Burden, and additional items including as-
sessment of sexual function and time to recovery.

  Once a subject was enrolled in the study, the study co-
ordinator obtained basic demographic information for the 
HRQOL Central Interviewing Center’s Patient Tracking 
Database. The baseline HRQOL Interview was prior to 
randomization. If the participant was under the age of 18 
years in the Daily Trial, Beck Depression Inventory and 
the Sexual Function items were excluded from the inter-
view. The participant was contacted and the survey ad-
ministered by telephone. On average, the surveys were 
performed within 8 days of being enrolled in the trials. 
The average time for completion of 1,071 interviews among 
413 FHN participants of the FHN HRQOL assessment was 
36 min with a 99% item completion rate ( table 2 ).

  Conclusions 

 HRQOL is an important outcome for ESRD patients, 
and a composite of the SF-36 RAND PHC and mortality 
was thus chosen as a co-primary outcome in the FHN tri-
als. The HRQOL instruments used in the trials repre-
sented a balance between being comprehensive, and be-
ing a minimum burden for the patient. The study design 
was strengthened in that the data collection for HRQOL 
indices was performed by interviewers blinded to the in-
tervention, thus minimizing potential for interviewer 
bias. Telephone interviews, which minimize selection bi-
ases associated with self-report instruments, ensured that 

Table 2. I nterim analysis of assessment of PROs in FHN

Mean 8 SD Median 25th percentile 75th percentile

Timing of survey administration after enrollment, days 7.9811.5 4 1 8
Average time for completion of the FHN HRQOL battery, min 36.2811.7 33 28 40

D ata from 1,071 interviews among 413 FHN participants (participants are defined as subjects who were enrolled but not necessar-
ily randomized in the trials).
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assessments were conducted in a timely manner, and 
minimized both general patient-level nonresponse (once 
recruited) and item nonresponse. Future trials may want 
to consider using computer-assisted telephone interviews 
to collect PROs in this patient population. Accurate as-
sessment of HRQOL and PRO can help us determine 
whether HD interventions improve the health and well-
being of this vulnerable patient population. 
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