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Background-—Although patients with kidney disease have potential to benefit from revascularization, they are also at higher risk of
complications, which may affect quality of life.

Methods and Results-—We studied a cohort of 8198 adults who underwent coronary angiography in Alberta, between 2004 and
2008, and completed health-related quality-of-life (HR-QOL) surveys. Changes in HR-QOL measures were most favorable among
patients who received coronary artery bypass graft (CABG), but did not significantly differ by kidney function within groups of
patients who received CABG, percutaneous coronary intervention (PCI), or medical therapy (P value for interaction between
estimated glomerular filtration rate [eGFR] and revascularization status >0.10 for all outcomes). Among those who received CABG,
the adjusted mean EuroQol 5 dimensions (EQ-5D) utility score for those with eGFR >90 mL/min per 1.73 m2 increased by 0.11
(95% CI, 0.09–0.14) and for those with eGFR <30 mL/min per 1.73m2 by 0.13 (95% CI, 0.05–0.21). The adjusted mean EQ-5D
utility score also increased similarly at all levels of eGFR for those who received PCI and for those who received medical
management. Mean changes in Seattle Angina Questionnaire (SAQ) scores were also similar across all levels of eGFR within each
treatment group for the quality of life, angina frequency, angina stability, physical limitations, and treatment satisfaction domains of
the SAQ. Among those who received CABG, the adjusted mean SAQ quality of life score for those with eGFR >90 mL/min per
1.73m2 increased by 22.1 (95% CI, 18.5–25.7) and for those with eGFR <30 mL/min per 1.73m2 by 14.0 (95% CI, 2.31–25.63).

Conclusions-—Changes in HR-QOL do not vary by kidney function among patients selected for CABG, PCI, or medical management
of coronary disease. ( J Am Heart Assoc. 2016;5:e003642 doi: 10.1161/JAHA.116.003642)
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C hronic kidney disease (CKD), defined by reduced
estimated glomerular filtration rate (eGFR), affects more

than 1 in 10 adults, and more than 1 in 5 North Americans
aged 65 years or older.1 Coronary artery disease increases in

prevalence with lower eGFR2 and is the leading cause of
mortality in patients with CKD.3,4 Among patients referred for
coronary angiography, those with CKD have a higher preva-
lence of severe coronary artery disease,5 often have signif-
icant coronary artery lesions amenable to angioplasty,6,7 and
more frequently have high-risk coronary anatomy, including
left main or 3-vessel coronary disease, compared to those
without CKD.8–10 These observations suggest that coronary
revascularization has the potential to improve outcomes of
patients with CKD, including symptoms of coronary artery
disease.

Nonetheless, patients with CKD are less likely to receive
invasive management of coronary artery disease.11–13 The
presence of CKD may discourage patients and clinicians from
pursuing coronary revascularization because of the higher risk
of complications after revascularization procedures, including
prolonged mechanical ventilation, bleeding, stroke, and acute
kidney injury.14,15 For example, 10% to 30% of patients with
preexisting CKD may experience acute kidney injury after
percutaneous or surgical coronary revascularization,16,17

From the Departments of Medicine (M.T.J., W.A.G., Z.T., M.T., B.R.H.) and
Cardiac Sciences (S.B.W., M.L.K.), Cumming School of Medicine, and
Department of Community Health Sciences (M.T.J., S.B.W., F.M.C., W.A.G.,
M.T., B.R.H.), University of Calgary, Alberta, Canada; Faculty of Nursing,
University of Alberta, Edmonton, Alberta, Canada (C.M.N.).

*An accompanying Appendix S1, which list the members of the AKDN and
APPROACH investigators, is available at http://jaha.ahajournals.org/con-
tent/5/7/e003642/DC1/embed/inline-supplementary-material-1.pdf

Correspondence to: Matthew T. James, MD, PhD, Foothills Medical Center,
1403 29th St NW, Calgary, Alberta, Canada T2N 2T9. E-mail: mjames
@ucalgary.ca

Received April 15, 2016; accepted June 9, 2016.

ª 2016 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley Blackwell. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.116.003642 Journal of the American Heart Association 1

ORIGINAL RESEARCH

info:doi/10.1161/JAHA.116.003642
http://jaha.ahajournals.org/content/5/7/e003642/DC1/embed/inline-supplementary-material-1.pdf
http://jaha.ahajournals.org/content/5/7/e003642/DC1/embed/inline-supplementary-material-1.pdf
http://creativecommons.org/licenses/by-nc/4.0/


which may, in turn, further increase the risk of acute dialysis18

or progression to end-stage renal disease (ESRD) requiring
chronic renal replacement therapy.19–21 Given the dramatic
effects that these complications can have on health sta-
tus,22,23 the potential associations between kidney function
and changes in quality of life after coronary revascularization
are clinically relevant to treatment decisions.

We used data from a large registry of patients referred for
coronary angiography to examine the associations between
coronary artery disease management strategies, kidney
function, and changes in coronary artery disease symptoms
and quality of life. Given the higher risk of complications
associated with invasive coronary procedures in people with
CKD, we hypothesized that improvement in health-related
quality-of-life (HR-QOL) after percutaneous or surgical coro-
nary revascularization would be less impressive among people
with lower eGFR than in those with normal kidney function.

Methods

Study Population
We derived the study cohort from the Alberta Provincial
Project for Outcome Assessment in Coronary Heart Disease
(APPROACH). APPROACH prospectively collects data on
demographic and clinical characteristics on all patients
undergoing coronary angiography in the province of Alberta,
Canada.24 Individuals in the APPROACH registry are
followed longitudinally after angiography, thus allowing for
assessment of subsequent procedures (ie, percutaneous
coronary intervention [PCI] or coronary artery bypass graft
surgery [CABG]), as well as quality of life in patients who
consent to follow-up. All-cause mortality is determined for
all patients in APPROACH by linkage to provincial vital
statistics.

The cohort consisted of all Alberta residents, ≥18 years of
age, who received coronary angiography from January 1, 2004
to December 31, 2008 and who consented in APPROACH to
be contacted for follow-up. Eligible participants required at
least 1 outpatient serum creatinine measurement within a 6-
month period before coronary angiography. Patients with a
renal transplant or who were receiving dialysis before
coronary angiography were excluded based on the Northern
and Southern Alberta Renal Program registries.25

Measurement of Kidney Function and Coronary
Revascularization
We obtained all serum creatinine measurements made in
Alberta from the Alberta Kidney Disease Network repository
of laboratory data.26 Baseline kidney function was estimated
using the Chronic Kidney Disease Epidemiology Collaboration

(CKD-EPI) equation to estimate glomerular filtration rate
(eGFR).27 To reduce between-laboratory variation, we stan-
dardized creatinine measurements across provincial labora-
tories to an isotope dilution mass spectrometry reference
standard and applied a laboratory-specific correction factor
where necessary. We categorized the index eGFR as 90 or
higher, 60 to 89, 45 to 59, 30 to 44, and <30 mL/min per
1.73 m2 based on the last outpatient creatinine measure-
ment made within 6 months preceding the index coronary
angiogram.

We identified subsequent receipt of coronary revascular-
ization procedures (CABG, PCI, and none/medical manage-
ment) preceding the 1 year follow-up survey after the index
coronary angiogram from the APPROACH database.24

Measurement of Quality of Life
Eligible and consenting patients received baseline and 1-year
follow-up quality-of-life questionnaires within 1 week of the
initial angiogram and 1 year later, respectively.28 The
questionnaire included the EuroQol (EQ-5D), a generic 5-
item HR-QOL instrument,29,30 and the Seattle Angina
Questionnaire (SAQ), a 19-item disease-specific HR-QOL
instrument.31,32

The EQ-5D is a generic scale for measuring HR-QOL over
the past 4 weeks. It expresses health status using a single
index score (range, 0–1) based on societal based utility
theory.29 The EQ-5D covers 5 dimensions of health,
including mobility, self-care, family and leisure activities,
pain, and mood.30 A unique health state is defined by
combining 1 level from each of the dimensions. The EQ-5D
is a reliable instrument for measuring HR-QOL (intraclass
correlation coefficient of 0.91 from a study of patients with
acute coronary syndrome) and a minimal increment of 0.03
is considered a clinically important difference.29–31 The SAQ
is a 19-item self-administered questionnaire on 5 dimensions
of HR-QOL assessed over the past 4 weeks. Five dimensions
of coronary artery disease are measured, generating 5
independent scales, including quality of life, angina fre-
quency, anginal stability, physical limitation, and treatment
satisfaction. The SAQ has been shown to be a valid,
responsive, and reliable instrument.32,33 The SAQ is scored
by assigning each response an ordinal value, beginning with
1 for the response that implies the lowest level of
functioning and summing across items within each of the
5 dimensional scales. Scale scores are then transformed to
a 0 to 100 range by subtracting the lowest possible score,
dividing by the range of the scale, and multiplying by 100.
With the exception of the angina stability dimension, the
reproducibility of the quality of life, angina frequency,
physical limitations, and treatment satisfaction dimensions
of the SAQ is high (intraclass correlation coefficients,
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0.76–0.83), and it is sensitive to changes accompanying
coronary revascularization.32,33

Measurement of Covariates
Age, sex, comorbidities, anatomical distribution of coronary
artery disease, and left ventricular ejection fraction were
collected in the APPROACH registry at the time of the index
coronary angiogram. The 6-digit residential postal code for
each participant was linked to the 2001 or 2006 Canadian
Census (whichever was closest to the index date) using the
postal code conversion file to determine median neighbor-
hood household income quintile and rural/urban location of
residence.

Statistical Analysis
We compared baseline characteristics according to the
eGFR categories described earlier and by revascularization
status (CABG, PCI, or medical management) using ANOVA
and chi-squared tests for continuous and categorical
variables, respectively. We then fit six separate models
(one for the EQ-5D and one for each of the 5 SAQ domains)
using ANCOVA to examine the relationships between eGFR,
revascularization, and the change in HR-QOL at 1 year.
These models used each of the 1-year change in HR-QOL
measurements as the outcome and included the respective
baseline HR-QOL measurements as an independent variable.
We included variables for eGFR categories and revascular-
ization status and also included an interaction term between
these terms to test whether associations between revascu-
larization and HR-QOL were modified by eGFR. All models
were also adjusted for age, sex, comorbidities (diabetes
mellitus, hypertension, chronic pulmonary disease, cere-
brovascular disease, heart failure, hyperlipidemia, malig-
nancy, and peripheral vascular disease) distribution of
coronary artery disease, left ventricular systolic function,
smoking status, residence location, and income quintile as
independent variables. Individual missing SAQ domain or
EQ-5D measurements at 1-year follow-up for surviving
patients were assumed missing at random and imputed
using multiple partial imputation.34 Sensitivity analyses were
performed repeating the modeling using a complete case
analysis for each HR-QOL measurement. The assumptions of
normality and homoskedasticity of ANCOVA were tested and
satisfied. All statistical analyses were conducted using SAS
(version 9.3; SAS Institute Inc., Cary, NC) and R software
(version 3.0; The R Project for Statistical Computing; www.
r-project.org). The conjoint health research ethics board
of the University of Calgary (Calgary, Alberta, Canada)
approved the study, and all participants gave informed
consent.

Results

Cohort Formation and Baseline Characteristics
We identified 8384 Alberta residents who were 18 years of
age or older, received coronary angiography during the cohort
entry period, and completed at least 1 HRQOL survey. We
excluded 31 without a creatinine measurement within
3 months before coronary angiography, and 45 with ESRD
receiving renal replacement therapy before coronary angiog-
raphy, and 110 who died within 1 year of the initial
angiogram.

Of the 8198 participants included in the final cohort, 1574
(19.2%) received CABG, 4642 (56.5%) PCI, and 1982 (24.2%)
medical management alone. Table 1 presents patient char-
acteristics in these 3 treatment groups according to baseline
eGFR, and reveals that participants who received CABG were
more likely to have high risk (3-vessel disease or 2-vessel with
proximal left anterior descending artery disease) or left main
coronary artery disease, whereas medically treated patients
were more likely to have cerebrovascular disease, peripheral
vascular disease, and heart failure, particularly among those
with an eGFR <30 mL/min per 1.73 m2. Within each
treatment group, participants with lower eGFR were older,
were more likely to have comorbidities (including diabetes
mellitus, hypertension, and heart failure), and reduced left
ventricular ejection fraction.

During the 1-year follow-up, 110 patients in the cohort
died. Sixteen patients progressed to end-stage kidney
disease, the majority of whom (56%) had a baseline eGFR
<30 mL/min per 1.73 m2. A total of 4685 members of the
full cohort (58.5%) completed 1-year follow-up HR-QOL
surveys.

Revascularization Status and Change in HR-QOL
Compared to participants who received CABG, the adjusted
changes in all HR-QOL measures at 1 year were lower for
those who received PCI (P<0.001 for all outcomes) and those
who received medical management (P<0.001 for all HR-QOL
outcomes). For example, in models adjusted for all covariates
including baseline eGFR, the EQ-5D utility score improved
over 1 year in all treatment groups; however, the mean
change in the EQ-5D score of those who received PCI was
0.076 (95% CI, 0.062–0.090) lower than that of those who
received CABG and 0.095 (95% CI, 0.081–0.109) lower for
those who received medical therapy alone than for those who
received CABG.

Similarly, compared to those who received CABG, the
adjusted mean change in the SAQ quality of life domain score
was 16.9 (95% CI, 14.4–19.4) lower for those who received
PCI and 20.4 (95% CI, 17.9–22.9) lower for those who
received medical therapy alone. Compared to those who
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received CABG, mean changes in SAQ scores were also lower
for those who received PCI, and medical management in the
domains of angina frequency, and physical limitation, whereas
SAQ domain scores for angina stability and treatment
satisfaction did not improve for patients who received PCI
or medical management. Findings were similar in complete
case analyses, excluding individuals with missing follow-up
measurements.

Revascularization and Change in HR-QOL
Stratified by Kidney Function
Changes in HR-QOL measures did not significantly differ by
baseline eGFR within strata defined by receipt of CABG, PCI,
or medical therapy (P value for interaction between eGFR and
revascularization status >0.10 for all outcomes). For example,
among those who received CABG, the adjusted mean EQ-5D
utility score for those with eGFR >90 mL/min per 1.73 m2

increased by 0.11 (95% CI, 0.09–0.14) and for those with

eGFR <30 mL/min per 1.73 m2 by 0.13 (95% CI, 0.05–0.21;
Figure 1). Changes in the adjusted mean EQ-5D utility score
increased similarly at all levels of eGFR for those who received
PCI and for those who received medical management
(Figure 1).

Similarly, among those who received CABG, the adjusted
mean SAQ quality-of-life domain score increased for those
with eGFR >90 mL/min per 1.73 m2 by 22.1 (95% CI, 18.5–
25.7) and for those with eGFR <30 mL/min per 1.73 m2 by
14.0 (2.3–25.6; Figure 2). As for the EQ-5D, the adjusted
mean SAQ quality-of-life domain score for those who
received PCI increased similarly at all levels of eGFR, and
for those who received medical management it changed
similarly at all levels of eGFR (Figure 2). Mean changes in
the SAQ scores were also similar across all levels of eGFR
within each treatment group (CABG, PCI, and medical
management) for the angina frequency, angina stability,
physical limitations, and treatment satisfaction domains of
the SAQ (Figure 2; Table 2). Sensitivity analyses excluding

CABG

    eGFR ≥90 
    eGFR 60-89 
    eGFR 45-59 
    eGFR 30-44 

    eGFR <30
    Overall

PCI

    eGFR ≥90  
    eGFR 60-89 
    eGFR 45-59 
    eGFR 30-44 

    eGFR <30
    Overall

Medical Therapy

    eGFR ≥90  
    eGFR 60-89 
    eGFR 45-59 

    eGFR 30-44 
    eGFR <30
    Overall

Treatment 
and eGFR

0.75 (0.18)
0.77 (0.16)
0.76 (0.17)
0.74 (0.17)

0.66 (0.16)
0.76 (0.17)

0.82 (0.17)
0.84 (0.15)
0.83 (0.16)
0.83 (0.14)

0.74 (0.22)
0.84 (0.16)

0.79 (0.18)
0.83 (0.15)
0.83 (0.15)

0.79 (0.15)
0.76 (0.18)
0.82 (0.16)

Baseline score
mean (SD)

0.11 (0.09 - 0.14)
0.1 (0.08 - 0.12)
0.11 (0.08 - 0.13)
0.13 (0.09 - 0.16)

0.13 (0.05 - 0.21)
0.11 (0.09 - 0.13)

0.03 (0.01 - 0.05)
0.04 (0.02 - 0.05)
0.04 (0.02 - 0.06)
0.02 (-0.01 - 0.05)

0.04 (-0.02 - 0.1)
0.04 (0.02 - 0.05)

0.03 (0.01 - 0.05)
0.03 (0.01 - 0.05)
0.01 (-0.01 - 0.04)

0.02 (-0.01 - 0.05)
0.02 (-0.03 - 0.07)
0.03 (0.01 - 0.05)

Mean (95%CI)
change in score  p-value

0.561

0.44

0.351

                 EQ-5D 
 Worsened   Improved

-0.1 -0.05 0 0.05 0.1 0.15 0.2

Mean (95%CI) change in score

Figure 1. Mean baseline and change in EQ-5D scores, stratified by treatment and eGFR. CABG indicates coronary artery bypass graft;
eGFR, estimated glomerular filtration rate (mL/min per 1.73 m2); EQ-5D, EuroQol 5 dimensions; PCI, percutaneous coronary
intervention.
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individuals with missing follow-up measurements produced
similar findings, with no evidence of effect modification by
eGFR on estimates of changes in EQ-5D or SAQ domain
scores according to treatment group.

Discussion
In this large cohort of patients with coronary artery disease
who completed HR-QOL questionnaires, we found that level of
kidney function did not appear to modify the quality-of-life
improvements associated with coronary revascularization.
Specifically, within treatment groups defined by CABG, PCI, or
medical therapy alone, changes in both general and coronary
artery disease–specific HR-QOL remained consistent across a
broad range of underlying kidney function. These findings
provide evidence that reduced kidney function should not
dissuade otherwise suitable candidates from coronary revas-
cularization, when other clinical consideration indicate the
potential to benefit.

Randomized trials published more than 30 years ago first
showed improvements in short- and long-term measures of
health status among patients who received CABG.10 More
recently, trials comparing PCI with medical management in
patients with stable coronary artery disease reported incre-
mental improvements for those treated with PCI, across all
domains of the SAQ, although differences became attenuated
by 36 months.35,36 Similarly, trials enrolling patients with
acute coronary syndrome have shown higher generic and
disease-specific quality-of-life scores at 1 year for patients
who received invasive compared with conservative manage-
ment.37,38 However, because patients with abnormal kidney
function were excluded from most of these trials, it has been
unclear whether these benefits of revascularization on HR-
QOL are generalizable to people with CKD.

There is limited information about whether kidney function
modifies changes in health status associated with coronary
revascularization. In a systematic search of the literature, we
identified only 2 other published studies addressing this

CABG

    eGFR ≥90 

    eGFR 60-89 

    eGFR 45-59 

    eGFR 30-44 

    eGFR <30

    Overall

PCI

    eGFR ≥90  

    eGFR 60-89 

    eGFR 45-59 

    eGFR 30-44 

    eGFR <30

    Overall

Medical Therapy

    eGFR ≥90  

    eGFR 60-89 

    eGFR 45-59 

    eGFR 30-44 

    eGFR <30

    Overall

Treatment 
and eGFR

-10 0 10 20 30

    SAQ Quality of Life 
Worsened  Improved

-10 0 10 20

   SAQ Angina Frequency 
Worsened  Improved

-20 0 10 20 30 40

  SAQ Angina Stability 
Worsened  Improved

Mean (95%CI) change in score

-10 0 10 20 30

SAQ Physical Limitation 
Worsened  Improved

-10 -5 0 5 10

SAQ Treatment Satisfaction 
Worsened  Improved

Figure 2. Mean changes in SAQ quality of life, angina frequency, angina stability, physical limitation, and treatment satisfaction scores,
stratified by treatment and eGFR. CABG indicates coronary artery bypass graft; eGFR, estimated glomerular filtration rate (mL/min per 1.73 m2);
PCI, percutaneous coronary intervention; SAQ, Seattle Angina Questionnaire.
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question.39,40 In the first study, Parikh et al. followed 1160
patients, all of whom received CABG and completed the 36-
Item Short Form Survey (SF-36) generic HR-QOL tool.39 They
found that people with the lowest levels of kidney function
(eGFR <30 mL/min per 1.73 m2) reported lower average
levels of physical functioning 6 months after CABG; however,
changes in HR-QOL with other treatment strategies were not
included nor were coronary artery disease–specific HR-QOL
measures assessed in the study. A more recent secondary
analysis of results from the COURAGE trial compared health
status measures of patients with and without CKD (defined as
eGFR <60 mL/min per 1.73 m2) randomized to either PCI
plus optimal medical therapy versus optimal medical therapy
alone.40 Mean SAQ scores for quality of life, angina frequency,
and physical limitation significantly improved in both patients
with and without CKD, and early improvement was more
common in patients treated with PCI and optimal medical
therapy than optimal medical therapy alone in both patients
with and without CKD.

Our study adds to the findings from the COURAGE trial and
provides additional, real-world information about changes in
quality-of-life measures across a broader range of kidney
function with both surgical and percutaneous revasculariza-
tion strategies. Importantly, our results show that improve-
ments in generic and coronary artery disease–specific quality
of life after revascularization were consistent across all levels
of eGFR. In contrast to the findings of Parikh et al., we did not
find evidence that changes in physical functioning or a generic
HR-QOL measure differed with low eGFR for any treatment
strategy, although it remains possible that differences in the
selection of participants in these cohorts, or the use of
different HR-QOL instruments, could underlie this inconsis-
tency.

These findings are important because people with CKD are
less likely to receive invasive coronary procedures, including
revascularization, despite their high-risk status.13,41 These
differences cannot be fully explained by differences in clinical
severity of disease or predicted risks,11,12 suggesting there
may be aversion to pursuing revascularization approaches in
patients with CKD attributed to concerns over risk of harm or
lack of effectiveness. Wong et al. previously found that the
most common reasons for avoiding invasive management of
patients with CKD were attributed to physicians deeming
patients as being not at high enough risk to warrant invasive
management, or that the approach was not supported by
evidence.42 Our findings show that patients with CKD can
experience similar improvements in coronary disease–related
symptoms and general HR-QOL to those of patients without
CKD who are selected for PCI or CABG.

There are limitations to this study. First, participant
selection was limited to patients who completed baseline
and follow-up HRQOL questionnaires. Patients who receivedTa
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revascularization procedures were more likely to complete
HR-QOL questionnaires, and selection bias could be intro-
duced if the relationships between kidney function, treatment
strategy, and HRQOL measures differed among patients who
responded to the surveys from those who did not respond.
Second, because this was an observational study, there may
be residual confounding attributed to treatment-by-indication
bias, despite our best attempts at adjustment for important
covariates. Third, changes in HR-QOL were measured over
1 year of follow-up, and these improvements may be atten-
uated over longer time periods. Finally, the total number of
patients with eGFR <30 mL/min per 1.73 m2 included in our
study remained small, the variance of estimates within this
group was relatively large, and we did not include patients
with kidney failure receiving dialysis at cohort entry in our
study. Thus, although our study provides more information
about most patients with CKD (including advanced forms of
CKD) than past studies, there is still uncertainty among
estimates of HR-QOL in patients receiving dialysis. Additional
studies with larger sample sizes of patients with very low
levels of kidney function are required to better characterize
the outcomes of such patients.

In conclusion, we found that changes in both general and
disease-specific HR-QOL did not significantly differ across a
broad range of kidney function among patients selected for
CABG, PCI, or medical management. These findings suggest
that patients with CKD can experience significant improve-
ments in several domains of HR-QOL after coronary revascu-
larization. This knowledge should inform clinical decision
making about the use of revascularization procedures to
improve coronary artery disease–related symptoms and
quality of life in people with kidney disease.
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