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Abstract
Introduction: The impact of achieving hemodialysis labora-
tory and hemodynamic quality metrics on patient-reported 
outcomes (PROs) is unknown. Objective: To determine if 
meeting dialysis laboratory quality of care measures is asso-
ciated with improved PROs. Methods: In this cross-sectional 
study, we measured the relationship between dialysis pa-
tients’ Patient Reported Outcome Measurement Informa-
tion System (PROMIS) scores and commonly used dialysis 
quality of care measures. Results: PROMIS surveys were ad-
ministered to 92 dialysis patients. The mean ± SD scores 
demonstrated higher fatigue (55.0 ± 9.8) and lower physical 
function (37.9 ± 7.9) but similar cognition (50.3 ± 10.9) com-
pared to general population normative scores of 50 ± 10. 
Dialysis patients meeting Kt/V goals had no better scores 
than those who did not. Meeting the hemoglobin (Hgb) val-
ue of ≥10 g/dL was associated with a lower fatigue score, but 
no difference in cognitive or physical function scores. Meet-
ing the serum albumin goal of ≥4.0 mg/dL was associated 

with a higher physical function score but made no difference 
for cognitive function or fatigue score. As a continuous vari-
able, a higher Hgb was associated with lower reported fa-
tigue (HR −1.74 95%, CI [−3.09, −0.39]), but no other mea-
sures were associated with PRO scores when adjusted for 
demographics and comorbidities. Conclusions: We found 
little association between measures currently used to assess 
the quality of dialysis care and PROs. Encouraging improved 
utilization of PROs and incorporating PROs into quality mea-
surements might give a more robust assessment of quality 
of care. Future studies should assess the benefits of this ap-
proach. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Patients with end-stage renal disease (ESRD) suffer 
from a high burden of symptoms which are commonly 
associated with lower quality of life. The lower quality of 
life is further compounded by increased mortality and 
risk of hospitalizations [1, 2]. The patient-reported symp-
toms that contribute to lower quality of life range from 
fatigue, muscle soreness, and cramps to difficulty concen-
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trating [3]. Monitoring and responding to patient-report-
ed symptoms such as fatigue is noted to improve survival 
in oncology patients and may also benefit other complex 
patient populations such as dialysis patients [4]. The di-
versity of symptoms and the limited use of symptom mea-
surement tools in the dialysis population have made mea-
surements of dialysis patient symptoms difficult [5]. For-
tunately, a broad range of domains including cognitive 
and physical function and symptoms such as fatigue can 
be measured with clinically validated tools known as pa-
tient-reported outcome (PRO) measures. PRO measures 
provide a standardized measure of symptoms and func-
tion that clinicians can easily review [6]. Understanding 
the relationship between PRO scores and clinical mea-
sures may identify if current measures of high-quality di-
alysis will improve patients’ function and symptoms.

Currently, the assessment of dialysis quality focuses 
largely on laboratory data rather than patient symptoms. 
The large dialysis organizations in the USA focus on sev-
eral laboratory values as a measure of quality of dialysis 
care such as dialysis adequacy (urea clearance and Kt/V), 
hemoglobin (Hgb), and serum albumin (albumin), fac-
tors known to associate with mortality [7–9]. In fact, un-
til very recently, the dialysis adequacy measure (Kt/V) 
was included in the Centers for Medicare and Medicaid 
Services (CMS) quality incentive program that deter-
mines a facility’s payments for providing dialysis, with 
not achieving the Kt/V target leading to lower payments 
to facilities for all the dialysis services they provided. 
However, it is not known whether achieving these metrics 
is associated with better health-related quality of life. The 
Kidney Disease Quality of Life 36 (KDQOL-36), a PRO 
measure, is given annually to all ESRD patients, and it is 
time consuming, taking up to 30 min to complete; it has 
low completion rates (36%) in clinical practice [10]. A 
questionnaire that is completed quickly and thus can in-
crease participation rates, but still provides needed infor-
mation will help determine if the above metrics are asso-
ciated with better health-related quality of life.

The National Institutes of Health (NIH) Patient Re-
ported Outcome Measurement Information System 
(PROMIS) was created to better assess PROs in chronic 
disease [11]. PROMIS surveys can be administered in <3 
min via computer adaptive testing (CAT), a format that 
uses item response theory. These surveys have high reli-
ability and validity, good discrimination within levels of 
impairment, and the precision needed to track an indi-
vidual’s change over time [12]. Recent reports indicate 
that PROMIS measures have better reliability than the 
Medical Outcomes Study 12 item Short Form Health Sur-

vey which make up questions 1–12 in the KDQOL-36 [6]. 
In the kidney transplant population, a comparison be-
tween a 4-question per domain PROMIS survey had 
strong correlation with KDQOL-36 with improved ease 
of use and lower responder burden [13]. To date, no stud-
ies have used PROMIS surveys to explore whether meet-
ing laboratory-based metrics such as dialysis adequacy, 
albumin, and Hgb is associated with improved PROMIS 
scores in adults undergoing dialysis. We chose the labora-
tory values as they are associated with mortality and not 
meeting the designated targets can lead to significant 
changes in the dialysis prescription and medications. The 
PROs we focused on are known to be commonly im-
paired in dialysis patients [14]. In this cross-sectional 
study of patients with ESRD on dialysis, we measured the 
relationship between frequently monitored and required 
laboratory targets and symptoms associated with cogni-
tive function, fatigue, and physical function.

Materials and Methods

Dialysis Survey Administration
As part of clinical care, patients receiving in-center/conven-

tional hemodialysis (HD), home hemodialysis (HHD), or perito-
neal dialysis (PD) completed 3 NIH PROMIS surveys via CAT on 
an iPad. Survey administration was done during HD treatments 
for those patients on in-center HD and to home dialysis patients 
(PD and HHD) during the monthly clinic visit. The survey admin-
istrator asked the patient the survey questions and recorded the 
patient’s answers. This maintained survey quality as it ensured that 
the question was read correctly (from the iPad screen) for patients 
who may have had difficulty reading or were visually impaired and 
the correct answer was clicked as this can be difficult for some HD 
patients due to hand weakness or constraints in movement due to 
the use of the vascular access. For all patients we collected demo-
graphic data, cause of ESRD, comorbid conditions, and dialysis 
laboratory parameters of Hgb, albumin, and Kt/V. The laborato-
ries were all measured in the same month as the survey administra-
tion. This study was approved by the Medical College of Wisconsin 
Institutional Review Board.

Statistical Analysis
We performed descriptive statistics to summarize demograph-

ics and PROMIS score range in our cohort. We compared mean 
scores between groups meeting or not meeting the targets em-
ployed by the participating dialysis units. The Kt/V target was se-
lected based on Centers for Medicare and Medicaid Services Qual-
ity Incentive Program (CMS QIP) metric of standard pool Kt/V 
≥1.4 for HD, ≥1.7 for PD, and ≥2.0 for HHD which determines 
CMS payment amounts. The targets of Hgb ≥ 10 g/dL and serum 
albumin ≥4.0 g/dL are the current targets used in the dialysis units 
where the study was conducted. These targets are used by the large 
dialysis organizations to rank the quality of care in the different 
units. We used t tests to compare mean scores between groups and 
also analysis of covariance to test the effects of the dialysis metrics 
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and age on the PROMIS scores. We included age due to the known 
effect on the domains being measured. Due to the small cohort 
size, we also used a linear regression model followed by an adjust-
ed linear regression to evaluate the continuous relationship be-
tween fatigue, cognition, physical function PROMIS scores, and 
Kt/V, Hgb, and albumin, which would have greater ability to detect 
to any relationship between the laboratories and PROMIS scores. 
Age, gender, race, and comorbidities (hypertension and diabetes) 
were included in the adjusted model as covariates. RStudio statisti-
cal software was used for analysis.

PROMIS Score Interpretation
The PROMIS CAT survey uses item response theory and has at 

minimum 4 questions with sequential questions changing based 
on previous answers up to the maximum 12 questions. T-scores 
are automatically calculated for the CAT form and with general 
population reference of 50 with standard deviation of 10 [15]. A 
higher T-score indicates more of the concept being measured 
(Fig. 1). For example, a person with a score of 60 would have fa-
tigue 1 standard deviation worse than the average person.

Results

We obtained survey data from 92 dialysis patients. The 
cohort was 40.2% female, 42.9% White, and 46.2% Afri-
can American, and the mean age was 56.1 ± 14.8 years. 
Diabetes and hypertension were the most common causes 

of ESRD at 40.2 and 19.5%, respectively. The majority 
(77.2%) of dialysis patients received in-center/conven-
tional HD, 7.6% received HHD, and 15.2% received PD. 
The most prevalent comorbidities were hypertension and 
diabetes, followed by congestive heart failure and coro-
nary artery disease. See Table 1 for characteristics of the 
cohort.

When comparing in-center HD to home dialysis (PD 
and HHD), we found no significant difference in fatigue 
(55.6 vs. 53.7, p = 0.38) or cognition (49.57 vs. 52.07, p = 
0.36). The home dialysis group reported better physical 
function than the in-center HD group (41.2 vs. 36.8, p = 
0.03).

The mean PROMIS scores were 50.3 ± 10.9, 55.0 ± 9.8, 
and 37.9 ± 7.9 for cognition, fatigue, and physical func-
tion, respectively. These scores indicate that the dialysis 
cohort reported higher fatigue and lower levels of physi-
cal function compared to the general population. The 
mean Hgb was 11.0 ± 1.5 g/dL, albumin was 3.8 ± 0.5 g/
dL, and Kt/V was 1.7 ± 0.4. The proportion of patients 
meeting each laboratory metric target is noted in Table 1.

There were no significant differences in PROMIS 
scores for any domain based on the patient achieving the 
goal Kt/V (target for dialysis adequacy). Patients whose 
Hgb was at least 10 g/dL had lower mean fatigue scores 
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than those whose Hgb was lower than 10 g/dL (53.4 vs. 
61.1, p < 0.01), but cognitive and physical function did not 
differ. There was no difference in fatigue or cognitive 
function scores for those meeting albumin targets com-
pared to those who did not, but physical function scores 
were higher (40.8 vs. 36.1, p < 0.01) (see Table 2).

For the total dialysis cohort (see Table 3), unadjusted 
regression showed significant associations between high-
er Hgb and lower reported fatigue score with a change of 
−1.86 (95% CI [−3.16, −0.55]) points for each increase of 
1 g/dL of Hgb. This relationship remained significant in 
the adjusted model with a change of −1.74 points/1 g/dL 
(95% CI [−3.09, −0.39]). Higher albumin was associated 
with greater reported physical function with a 4.2 (95% 

CI [0.62, 7.62]) point increase in score for every 1 g/dL 
increase in albumin, although this association was not 
significant in the adjusted model.

Discussion/Conclusion

In our dialysis cohort, traditional dialysis targets that 
are used to measure quality of care were seldom associ-
ated with PROs. Our study found no improvement in 
PROs of cognition, fatigue, or physical function based on 
meeting Kt/V goals and only found that meeting the Hgb 
target of 10 g/dL and serum album of 4.0 g/dL was associ-
ated with fatigue and physical function, respectively. It is 
important to determine if laboratory targets may be as-
sociated with PROs since our cohort demonstrated much 
higher fatigue levels and decreases in physical function 
compared to general population scores. Interestingly, the 
cohort did not report decreased cognition, and there was 
no difference in reported cognition for those meeting the 
target Kt/V versus those who did not. This is a notewor-
thy finding given the vast literature indicating the high 
degree of cognitive impairment as measured by objective 
testing in the dialysis population and the generally ac-
cepted theory that poor clearance of uremic solutes (mea-
sured by Kt/V) can contribute to cognitive dysfunction 
[16]. Overall, our study used contemporary dialysis qual-
ity targets in a representative sample of US dialysis pa-
tients and demonstrated a lack of association with PROs.

By evaluating cutoff values consistent with the CMS 
and dialysis organization set established goals of albumin 
≥4.0 g/dL, Hgb ≥ 10 g/dL, and Kt/V, we were able to de-
termine which laboratory metrics are also associated with 
improved PROs. The differences in scores based on meet-
ing Hgb and albumin targets are consistent with mean-
ingful differences in PROMIS scores based on prior lit-
erature. Meeting the Hgb target was associated with an 
8-point difference in fatigue scores, nearly 1 standard de-
viation, and difference in score that often motivates pa-
tients to accept a change in treatment [17]. Even the dif-
ference in physical function score of 4 points is within the 
minimally important difference of 3–5 points noted for 
that scale [18]. The importance of these 2 targets is not 
surprising based on prior literature. The association of 
anemia and self-report fatigue levels is consistent with fa-
tigue levels assessed by using the KDQOL, although this 
study did not evaluate the target of 10 g/dL [19]. Lower 
albumin levels are associated with lower self-report phys-
ical activity as measured by the maximum activity score; 
however, this study only looked at albumin as a continu-

Table 1. Demographic and baseline data for dialysis cohort (n = 
92)

Variable Values

Age, mean±SD 56.1±14.8
Female gender, n (%) 37 (40.2)
Race, n (%)

White 39 (42.9)
African American 42 (46.1)
Others 10 (10.9)

Cause of ESRD, n (%)
Diabetes mellitus 37 (40.2)
Glomerulonephritis 14 (15.2)
Hypertension 18 (19.6)
Others 13 (14.1)

Comorbidities, n (%)
Hypertension 84 (91.3)
Diabetes 49 (53.3)
Stroke 10 (10.9)
Coronary artery disease 15 (16.3)
Congestive heart failure 28 (30.4)
Liver cirrhosis 4 (4.4)
Peripheral vascular disease 8 (8.7)
Depression 10 (10.9)
Dementia or mild cognitive impairment 7 (7.6)

Dialysis modality, n (%)
In-center/conventional hemodialysis 71 (77.2)
Home hemodialysis 7 (7.6)
Peritoneal dialysis 14 (15.2)

Laboratory (mean±SD)
Hemoglobin, g/dL 11.0±1.5
Albumin, g/dL 3.8±0.5
Kt/V 1.7±0.4

Proportion meeting laboratory target, n (%)
Hemoglobin ≥ 10 g/dL 72 (78.2)
Albumin ≥ 4.0 g/dL 36 (39.1)
Kt/V goal 68 (73.9)

ESRD, end-stage renal disease; g/dL, grams per deciliter.
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ous variable and did not examine meeting the albumin 
target of 4.0 g/dL [20]. In contrast to prior literature, our 
study provides new information on whether meeting cur-
rent goals is associated with improved scores rather than 
just noting that higher Hgb and albumin in general are 
associated with lower fatigue and improved physical 
function.

Surprisingly, meeting Kt/V targets was not associated 
with any PROs nor was there any association when Kt/V 
was evaluated as a continuous variable. This brings into 
question the use of a Kt/V target to measure dialysis ad-
equacy, which should center on the patient’s overall well-
being [21]. Trying to attain the Kt/V target may lead to 
prolonging time on dialysis or increasing fluid removal, 
which will both result in higher Kt/V. However, these 
changes can result in more dialysis-associated symptoms 
such as fatigue and cramping. The focus on meeting the 
Kt/V target may lead to significant changes for those on 
home dialysis since not achieving Kt/V goals is a common 

reason cited for changing from home dialysis to in-center 
HD [22]. This may be important as the home modality 
was associated with improved report of physical function 
in our cohort. The lack of improvement in PROs for those 
meeting Kt/V goals may indicate that the goals used for 
Kt/V may need re-evaluation or that PROs should be used 
in conjunction with Kt/V to give an overall picture of di-
alysis quality. The current Kt/V targets are based on trials 
done decades ago on very different dialysis populations 
compared to current dialysis patients, and only account-
ed for the outcome of mortality [23, 24].

Our finding of lower self-reported physical function 
and greater fatigue complements the current literature; 
however, the reports of preserved cognitive function pro-
vide new insight in how patients view their cognitive 
function. In dialysis patients, objective measures of phys-
ical function such as increased sarcopenia and decreased 
gait speed are consistent with the lower reported physical 
function ability [25, 26]. Despite evidence that patients 

Table 3. Change in PROMIS score based on laboratory metric

Fatigue Physical functioning Cognitive functioning

unadjusted adjusteda unadjusted adjusted unadjusted adjusted

Hemoglobin −1.86 (−3.16, −0.55) −1.74 (−3.09, −0.39) 0.78 (−0.31, 1.87) 0.95 (−0.16, 2.06) −0.01 (−1.52, 1.50) 0.08 (−1.47, 1.63)
Albumin −2.48 (−6.91, 1.94) −2.74 (−7.30, 1.82) 4.12 (0.62, 7.62) 3.51 (−0.12, 7.14) 1.12 (−3.82, 6.05) 0.85 (−4.24, 5.94)
Kt/V −0.23 (−0.77, 0.31) −0.36 (−0.93, 0.20) 0.43 (−0.01, 0.86) 0.39 (−0.07, 0.84) 0.49 (−0.11, 1.10) 0.54 (−0.10, 1.17)

Change in PROMIS score is per 1 g/dL of Hgb, 1 g/dL of albumin, and 0.1 unit Kt/V. Bold text indicates significance at p < 0.05 level. PROMIS, Patient 
Reported Outcome Measurement Information System. a Adjusted for age, gender, race, and comorbidities (hypertension and diabetes mellitus).

Table 2. Comparing mean PROMIS scores between those that met dialysis laboratory targets and those who did not

Metric N Cognitive T-score Fatigue T-scores Physical function T-scores

mean (SD) p value mean (SD) p value mean (SD) p value

Kt/Va

At goal 68 50.9 (11.4) 0.26 54.7 (9.80) 0.88 38.3 (8.30) 0.56
Below goal 23 48.2 (9.04) 55.1 (9.39) 37.2 (6.85)

Albumin
≥4.0 g/dL 36 50.8 (11.0) 0.72 53.7 (9.37) 0.30 40.8 (6.96) <0.01
<4.0 g/dL 56 50.0 (10.9) 55.9 (10.1) 36.1 (8.04)

Hemoglobin
≥10.00 g/dL 72 50.5 (11.1) 0.73 53.4 (9.72) <0.01 38.7 (7.95) 0.08
<10.00 g/dL 20 49.6 (10.2) 61.1 (7.58) 35.2 (7.47)

Significant differences in PROMIS scores between those that met the target versus those that did not are shown in bold. PROMIS, 
Patient Reported Outcome Measurement Information System; HD, hemodialysis; HHD, home hemodialysis; PD, peritoneal dialysis. 
a The Kt/V goal for in-center HD was 1.4 (standard pool), for PD was 1.7 (weekly), and for HHD was 2.0 (weekly). There was 1 subject 
who did not have an accurate Kt/V during the month that the PROMIS scores were measured.
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receiving dialysis suffer from cognitive impairment on 
formal cognitive testing, our cohort self-reported intact 
cognitive function [27, 28]. It is possible that participants 
were more hesitant to admit to cognitive issues as they 
may feel more stigma associated with cognitive impair-
ment compared to impairment of physical function or 
increased fatigue. Both denial and unawareness of cogni-
tive impairment are possible reasons for the self-reported 
intact cognition in our cohort as they are known limita-
tions in self-report of cognitive function [29].

This cross-sectional study has limitations. The prima-
ry limitation is that the study is small and single center. 
However, our population is representative of the current 
US dialysis population. This limits our ability to find 
some more minor associations due to lack of power. 
However, we were able to see meaningful differences in 
PRO scores for both Hgb and albumin. Second, we have 
no information on the relationship between the patient’s 
subjective report and objectively measured cognitive or 
physical function. This prevents us from determining if 
there are more objective changes in physical function or 
cognition based on meeting laboratory metrics. Finally, 
we have no longitudinal data to report, so we are unable 
to determine if a change from meeting the goal to not 
meeting the goal or vice versa are associated with chang-
es in the PRO scores.

Using PROMIS measurements of fatigue, physician 
function, and cognition in a dialysis cohort, we found that 
achieving targets for Hgb and albumin, which are associ-
ated with mortality, also are associated with improved 
PROs in dialysis patients. This may provide additional 
information and incentive to patients on the relevance of 
the monitored laboratory parameters. However, achieve-
ment of the set goals for some commonly used metrics, 

such as Kt/V, may not be relevant in PROs and in certain 
patient groups may need to be less emphasized in order 
to provide patient-centered care. The use of PROMIS sur-
veys can provide valuable patient-centered care that is not 
included in current laboratory measures that evaluate di-
alysis quality. We would encourage future studies to in-
corporate PROMIS survey scores as a clinically and pa-
tient-relevant outcome in addition to laboratory markers 
when evaluating interventions aimed at improving the 
quality of dialysis care.
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