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Rationale & Objective: Health-related quality of
life (HRQoL) has been recognized as a strong
predictor of mortality among hemodialysis patients.
However, differences in the association of HRQoL
with survival across diverse racial/ethnic groups
have not been well studied in this population.

Study Design: Observational cohort study.

Setting & Participants: We examined the rela-
tionship between HRQoL and mortality in a pro-
spective cohort of racially/ethnically diverse
hemodialysis patients recruited from 18 outpatient
dialysis units during 2011 to 2016.

Exposure: Using the 36-Item Short Form Health
Survey (SF-36) administered every 6 months,
HRQoL was ascertained by 36 questions
summarized as 2 Physical and Mental
Component and 8 subscale scores.

Outcome: All-cause mortality.

Analytical Approach: Associations of time-varying
SF-36 scores with mortality were estimated using
Cox models in the overall cohort and within
racial/ethnic subgroups.

Results: Among 753 hemodialysis patients who
met eligibility criteria, expanded case-mix analyses
showed that the lowest quartiles of time-varying
Editorial, p. 232
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Physical and Mental Component scores were
associated with higher mortality in the overall
cohort (reference: highest quartile): adjusted
HRs, 2.30 (95% CI, 1.53-3.47) and 1.54 (95%
CI, 1.05-2.25), respectively. In analyses stratified
by race/ethnicity, the lowest quartile of Physical
Component scores was significantly associated
with higher mortality across all groups: adjusted
HRs, 2.64 (95% CI, 1.31-5.29), 1.84 (95% CI,
1.01-3.38), and 3.18 (95% CI, 1.13-8.91) for
Hispanic, African American, and other race/
ethnicity patients, respectively. The lowest quartile
of time-varying physical functioning, role
limitations due to physical health, role limitations
due to emotional problems, social functioning,
and pain subscale scores were associated with
higher mortality in the overall cohort and
particularly in Hispanics and blacks.

Limitations: Residual confounding cannot be
excluded.

Conclusions: Lower SF-36 Physical Component
and subscale scores were associated with higher
mortality in hemodialysis patients, including those
of minority background. Further studies are
needed to determine whether interventions that
augment physical health might improve the
survival of these diverse populations.
Multiple studies have shown that impaired health-
related quality of life (HRQoL) is a strong prog-

nostic factor for mortality and hospitalization risk in the
hemodialysis population.1-7 In addition, HRQoL assess-
ment may reflect patient perspectives of the impact of the
treatment of end-stage renal disease (ESRD), including
selection of optimal dialysis modality, adjustment of the
dialysis prescription (ie, frequency and time), anemia
correction, and symptom management.1 Consequently,
routine monitoring of hemodialysis patients’ HRQoL using
validated instruments is mandated by regulatory bodies
(eg, Centers for Medicare & Medicaid Services)8,9 and
recommended by clinical practice guidelines (eg, Kidney
Disease: Improving Global Outcomes [KDIGO]).10

Among the half-million patients receiving maintenance
hemodialysis in the United States, approximately one-third
are African American, with Hispanics comprising one-fifth
of the population.11 Although numerous health care
disparities have been documented among minority dialysis
patients (eg, poorer dialysis performance measures,12,13

less pre-ESRD care,14 lower kidney transplantation
rates,15,16 and younger age at dialysis initiation17),
population-based studies have shown that African Amer-
ican and Hispanic patients with ESRD have a paradoxically
lower mortality risk compared with non-Hispanic
whites.12,15,18-22 Despite the diversity of the US hemodi-
alysis population and growing recognition of the impor-
tance of patient-reported outcomes in research and clinical
practice,10 there remain substantial knowledge gaps
regarding the impact of HRQoL on the health and survival
of hemodialysis patients of varying racial and ethnic
backgrounds.

Race and ethnicity are important considerations in the
interpretation of HRQoL measurements because varying
traditions, values, and expectations across distinct cultures
are likely to exert a strong influence on patients’ self-
reported physical and mental well-being.5 To date,
several seminal studies have explored the differential re-
lationships between HRQoL and survival across race/
ethnicity in hemodialysis patients,2,5 but interpretation of
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these data is limited by their lack of longitudinal mea-
surements of HRQoL over time (ie, baseline HRQoL
assessment only)2,5 or examination of populations lacking
substantial representation from certain minority groups
such as Hispanic patients.2 We thus sought to conduct a
study examining HRQoL and mortality risk in a diverse
prospective cohort of hemodialysis patients recruited
across 18 outpatient dialysis units in Southern California.
Using validated self-administered questionnaires, namely
the 36-Item Short Form Health Survey (SF-36), adminis-
tered every 6 months, we granularly examined HRQoL
defined by 2 main summary scores (ie, Physical and
Mental Component scores) and 8 major subscales and their
associations with survival across patients of different
racial/ethnic backgrounds.

METHODS

Study Population

The study population was a subcohort of adult hemodi-
alysis patients from the Malnutrition, Diet and Racial
Disparities in Chronic Kidney Disease (MADRAD) Study
(ClinicalTrials.gov NCT01415570), an ongoing prospec-
tive cohort study in which the impact of dietary and
nutritional intake patterns on outcomes across different
racial/ethnic groups is being examined.23-27 In the
MADRAD Study, participants are asked to complete ques-
tionnaires collecting information on sociodemographic
backgrounds, comorbid conditions, dialysis treatment
characteristics, and patient-centered outcomes (eg,
HRQoL) every 6 months (ie, every semester).

In this substudy, we sought to examine the association
of HRQoL, ascertained using the SF-36, and all-cause
mortality risk across racial/ethnic groups using data from
hemodialysis patients recruited across 18 outpatient dial-
ysis facilities in Southern California during October 2011
to August 2016. Patients were included provided that they
completed at least 1 or more SF-36 assessment, were at
least 18 years of age at the time of study entry (ie, time of
baseline SF-36 assessment), had been receiving thrice-
weekly in-center hemodialysis for at least 4 consecutive
weeks, and signed an Institutional Review Board–approved
consent form. Patients were excluded if they were actively
receiving peritoneal dialysis, had a life expectancy of less
than 6 months (defined as having a terminal disease such
as metastatic cancer or enrollment in hospice while
concurrently receiving dialysis), or were unable to provide
consent without a proxy. In the event that a patient had an
incomplete SF-36 at 1 time point (defined as having ≥50%
of SF-36 components unanswered or incomplete data for
any of the SF-36 subscale scores) but had complete data at
another time point, the patient was retained in the study
cohort while incomplete survey data were excluded.

The study was approved by the Institutional Review
Board committee at the University of California Irvine
(research ethics committee approval number HS#2012-
9045).
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Exposure Ascertainment

The primary exposure of interest was HRQoL measured
using the SF-36. The SF-36 assessment is comprised of 2
main summary scores, specifically the Physical and Mental
Component scores, as well as 8 subscales that include
physical functioning, role limitations due to physical
health (role functioning/physical), role limitations due to
emotional problems (role functioning/emotional), en-
ergy/fatigue, emotional well-being, social functioning,
pain, and general health (ie, higher scores indicate a better
state of health).24 In the current study, we opted to use the
SF-36 questionnaire as a generic survey of HRQoL instead
of disease-specific instruments (eg, Kidney Disease Quality
of Life survey).28 Although the latter instruments have
greater sensitivity in hemodialysis patients, we purpose-
fully administered generic measures to allow for compar-
ison across other populations in future studies.

In primary and secondary analyses, we sought to
examine the association between time-varying HRQoL
Physical and Mental Component scores, respectively, and
all-cause mortality, in which repeated measurements of SF-
36 data were considered to account for changes in HRQoL
summary score over time.29 In secondary analyses, we also
examined the association between time-varying HRQoL
subscale scores with all-cause mortality risk.

Race and Ethnicity Ascertainment

Given our objective of examining differences in the asso-
ciation of HRQoL and mortality across racial/ethnic groups,
we also examined patient race and ethnicity data. Infor-
mation for primary race and ethnicity was self-reported by
patients using sociodemographic questionnaires adminis-
tered by MADRAD research coordinators at the time of
study entry. Patients’ race/ethnicity was classified as His-
panic white, African American, or other race/ethnicity. Due
to the lower prevalence of non-Hispanic white (N = 66; 9%
of the cohort) and Asian/Pacific Islander (N = 75; 10% of
the cohort) patients, these groups were included within the
other race/ethnicity category. In the rest of this report, the
former 3 groups are referred to as Hispanic, African
American, and other patients, respectively.

Outcome Ascertainment

The primary outcome of interest was all-cause mortality. At-
risk time began the day after the baseline SF-36 measure-
ment, and patients were censored for kidney trans-
plantation, transfer to a nonaffiliated outpatient dialysis unit
or peritoneal dialysis, or at the end of the study (November
15, 2017). Each semester, information regarding mortality,
censoring events, and associated dates from the preceding 6
months was collected from event forms completed by the
research coordinators and reviewed by the MADRAD Study
nephrologist (C.M.R.).23,25-27

Statistical Analyses

Baseline characteristics between exposure groups were
compared using χ2, analysis of variance, and Kruskal-
Kidney Med Vol 1 | Iss 5 | September/October 2019

http://ClinicalTrials.gov


Original Research
Wallis tests according to variable type. We then examined
the associations of time-varying SF-36 Physical Component
score categorized as quartiles and mortality using time-
varying Cox proportional hazard models. In the time-
varying Cox models, quartile limits were defined accord-
ing to the baseline distribution of SF-36 Physical Compo-
nent scores. Cox models were analyzed using 3 incremental
levels of covariate adjustment: (1) unadjusted model:
included the SF-36 Physical Component score as the pri-
mary exposure of interest; (2) case-mix–adjusted model:
adjusted for age, sex, race, ethnicity, diabetes, and dialysis
vintage; and (3) expanded case-mix–adjusted model:
adjusted for covariates in the case-mix model, as well as
marital status, primary insurance, and vascular access type.

Our a priori primary model of interest was the
expanded case-mix model. We also examined: (4)
expanded case-mix + laboratory–adjusted models that
adjusted for covariates in the expanded case-mix model, as
well as potential body composition and laboratory con-
founders that included body mass index (BMI), serum
albumin level, serum creatinine level, normalized protein
catabolic rate, and hemoglobin level; and (5) expanded
case-mix + laboratory + center–adjusted models that
adjusted for covariates in the expanded case-mix +
laboratory–adjusted model, as well as each dialysis center.

While case-mix and expanded case-mix covariates had
no missing values (eg, age, sex, race, ethnicity, diabetes,
marital status, and primary insurance) or <5% missing
values (eg, dialysis vintage and vascular access type), there
were higher proportions of missing data for BMI (10%)
and laboratory covariates (ie, serum albumin [19%], serum
creatinine [20%], normalized protein catabolic rate [19%],
and hemoglobin [17%]). Hence, further adjustment for
potential confounders in expanded case-mix + laboratory
models (which have the potential for inherent selection
bias due to missing data) were conducted as sensitivity
analyses. In these analyses, missing data were handled using
multiple imputation. Analogous analyses were conducted
in which we examined the SF-36 Mental Component score
and subscale scores categorized as quartiles and mortality
using Cox proportional hazard models.

To determine whether race/ethnicity was a modifier of
HRQoL scores and mortality risk, we also conducted
subgroup analyses across racial/ethnic groups. The pro-
portional hazards assumption was confirmed graphically
and by Schoenfeld residual testing. The analyses and fig-
ures were generated using SAS, version 9.4 (SAS Institute
Inc); Stata, version 13.1 (Stata Corp); and SigmaPlot,
version 12.5 (Systat Software).
RESULTS

Baseline Characteristics

After applying the eligibility criteria, the final study cohort
was composed of 753 patients who underwent a total of
2,461 repeated SF-36 measurements over time (Fig S1).
Among these patients, N = 368 (49%) were Hispanic,
Kidney Med Vol 1 | Iss 5 | September/October 2019
N = 239 (32%) were African American, and N = 146
(19%) were classified as being of other race/ethnicity.
Among those of other race/ethnicity, N = 66 (9%) were
non-Hispanic white, N = 75 (10%) were Asian/Pacific
Islander, and N = 5 (<1%) were of another race/ethnicity.

Examination of median (25th, 75th percentiles) SF-36
scores across racial/ethnic groups showed that Hispanic,
African American, and other race/ethnicity patients had
similar distributions of Physical and Mental Component
scores (Table S1). With respect to subscale scores, His-
panics had higher social functioning and pain scores yet
lower emotional well-being and general health scores
compared with African American and other race/ethnicity
patients.

Baseline characteristics of the cohort stratified by base-
line Physical Component score quartiles are shown in
Table 1. Compared with patients in the highest (fourth)
Physical Component score quartile, those in the lowest
(first) quartile were more likely to be older, women, or
African American; less likely to be Hispanic; more likely to
have Medicare as their primary insurance, underlying
diabetes, and a central venous catheter as the primary
vascular access; and more likely to have higher BMI, lower
serum albumin levels, and lower serum creatinine levels.

Table S2 shows baseline characteristics of the cohort
stratified by baseline Mental Component score quartiles.
Compared with the highest (fourth) Mental Component
score quartile, those in the lowest (first) quartile were
more likely to be younger, women, and Hispanic; less
likely to be African American, be married, or have private
insurance as the primary insurance; and more likely to
have a shorter dialysis vintage and a central venous catheter
as the primary vascular access.

Clinical Characteristics Associated With Physical

and Mental Component and Subscale Scores

We examined clinical characteristics associated with the
lowest (first) quartile of Physical Component scores. In
expanded case-mix logistic regression analyses, patients
who were older and diabetic had a higher likelihood of
low (ie, lowest quartile) Physical Component scores,
whereas those with higher serum albumin levels had a
lower likelihood (Table 2). We then examined clinical
characteristics associated with the lowest (first) quartile of
Mental Component scores and found that patients with an
arteriovenous fistula or arteriovenous graft were less likely
to have low scores in expanded case-mix logistic regres-
sion analyses (Table S3).

We also examined clinical characteristics associated
with the lowest (first) quartile of each of the SF-36 sub-
scale scores using expanded case-mix logistic regression
models and found that age, comorbid condition status, and
nutritional parameters were associated with various sub-
scale scores (Table S4). For example, patients with diabetes
had a higher likelihood of having the lowest quartile of
physical functioning, energy/fatigue, emotional well-
being, social functioning, pain, and general health
255



Table 1. Baseline Characteristics According to Quartiles of Baseline 36-Item Short Form Health Survey Physical Component
Scores

Physical Component Score

Overall Q1 Q2 Q3 Q4 P for Trend
N 753 189 187 189 188 NA
Physical Component
score range

28.5-80.7 28.5-<42.8 42.8-<49.1 49.1-<56.1 56.1-80.7 NA

Age, y 55 ± 14 60 ± 13 54 ± 13 54 ± 14 50 ± 15 <0.001
Female sex 336 (45%) 98 (52%) 81 (43%) 83 (44%) 74 (39%) 0.02
Race/ethnicity
Hispanic 368 (49%) 90 (48%) 98 (52%) 76 (40%) 104 (55%) 0.50
African American 239 (32%) 65 (34%) 59 (32%) 69 (37%) 46 (25%) 0.10
Other 146 (19%) 34 (18%) 30 (16%) 44 (23%) 38 (20%) 0.28

Marital status 0.81
Married 341 (45%) 84 (44%) 84 (45%) 88 (47%) 85 (45%)
Nonmarried 412 (55%) 105 (56%) 103 (55%) 101 (53%) 103 (55%)

Primary insurance
Medicare/Medicaid 581 (77%) 155 (82%) 153 (82%) 136 (72%) 137 (73%) 0.006
Private 82 (11%) 15 (8%) 19 (10%) 29 (15%) 19 (10%) 0.25
Other/unknown 90 (12%) 19 (10%) 15 (8%) 24 (13%) 32 (17%) 0.02

Diabetes 405 (54%) 128 (68%) 110 (59%) 92 (49%) 75 (40%) <0.001
Dialysis vintage, mo 35 (14, 70) 35 (16, 71) 34 (13, 66) 34 (11, 72) 33 (16, 68) 0.87
Vascular access 0.30
AVF/AVG 612 (84%) 149 (84%) 148 (82%) 153 (83%) 162 (88%)
Catheter 115 (16%) 29 (16%) 32 (18%) 31 (17%) 23 (12%)

BMI, kg/m2 26.6 (23.5, 31.8) 27.8 (24.0, 34.1) 26.5 (22.8, 31.4) 26.8 (23.6, 32.8) 25.9 (22.9, 29.5) 0.01
Laboratory results
Serum albumin, g/dL 4.0 (3.8, 4.2) 3.9 (3.7, 4.1) 3.9 (3.7, 4.2) 4.0 (3.9, 4.3) 4.1 (3.9, 4.3) <0.001
Serum creatinine, g/dL 9.5 (7.6, 11.7) 8.7 (7.1, 10.6) 9.4 (7.0, 11.6) 9.8 (7.8, 11.5) 10.7 (8.5, 12.6) <0.001
nPCR, g/kg/d 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) 1.0 (0.9, 1.1) 1.0 (0.8, 1.2) 1.1 (0.9, 1.3) 0.002
Hemoglobin, g/dL 10.7 (10.1, 11.3) 10.7 (10.1, 11.2) 10.6 (10.0, 11.2) 10.7 (10.2, 11.4) 10.7 (10.2, 11.2) 0.57
Note: Values expressed as N (percent), mean ± standard deviation, or median (25th, 75th percentiles).
Abbreviations: AVF, arteriovenous fistula; AVG, arteriovenous graft; BMI, body mass index; NA, not applicable; nPCR, normalized protein catabolic rate; Q, quartile.
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scores. Older age was associated with a higher likelihood
of having the lowest quartile of physical functioning and
role functioning/physical scores, yet lower likelihood of
having the lowest quartile of general health scores.

Higher serum albumin level was also associated with a
lower likelihood of having the lowest quartile of physical
functioning, role functioning/physical, energy/fatigue, so-
cial functioning, and pain scores. In addition, women had a
higher likelihood of the lowest quartile of pain scores; those
with a higher BMI had a higher likelihood of the lowest
quartile of role functioning/physical and pain scores; and
patients with a higher hemoglobin level had a higher like-
lihood of the lowest quartile of emotional well-being scores.

Physical and Mental Component Scores and

Mortality Risk

In primary analyses examining time-varying Physical
Component scores in the overall cohort, expanded case-
mix analyses showed that the lowest quartile of scores
was associated with higher mortality risk (reference:
highest quartile): adjusted hazard ratio (HR), 2.30 (95%
confidence interval [CI], 1.53-3.47; Fig 1; Table S5). In
256
secondary analyses examining Mental Component scores in
the overall cohort, expanded case-mix analyses showed
that the lowest quartile of scores was associated with
higher mortality (reference: highest quartile): adjusted
HR, 1.54 (95% CI, 1.05-2.25; Fig S2; Table S5). In
expanded case-mix analyses that examined time-varying
Physical and Mental Component scores in continuous
10-point increments, increasingly higher Physical
Component scores were associated with lower mortality
risk, whereas estimates for Mental Component scores did
not achieve statistical significance (Table S6). Similar
findings were observed in analyses adjusted for expanded
case-mix + laboratory and expanded case-mix +
laboratory + center covariates (Tables S5 and S6).

In analyses stratified by race/ethnicity, expanded case-
mix analyses showed that the lowest time-varying Phys-
ical Component score quartile was associated with higher
death risk in Hispanic, African American, and other race/
ethnicity patients (reference: highest quartile): adjusted
HRs, 2.64 (95% CI, 1.31-5.29), 1.84 (95% CI, 1.01-
3.38), and 3.18 (95% CI, 1.13-8.91), respectively
(P interaction for race/ethnicity = 0.86; Fig 2; Table S5).
Kidney Med Vol 1 | Iss 5 | September/October 2019



Table 2. Clinical Characteristics Associated With The Lowest Quartile (Q1) of Baseline Physical Component Scores in Unadjusted
and Adjusted Models

Unadjusted Case-Mix Expanded Case-Mix
Expanded Case-
Mix + Laboratory

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age at dialysis initiation (Δ10 y) 1.47 (1.30-1.67)a 1.41 (1.23-1.61)a 1.41 (1.22-1.62)a 1.40 (1.20-1.64)a

Female (vs male) sex 1.48 (1.06-2.05)a 1.42 (1.00-2.00)a 1.40 (0.99-1.99) 1.33 (0.91-1.93)
Race/ethnicity (vs Hispanic)
African American 1.15 (0.80-1.67) 1.12 (0.75-1.65) 1.08 (0.71-1.62) 1.03 (0.67-1.60)
Other 0.94 (0.60-1.47) 0.86 (0.53-1.39) 0.85 (0.52-1.38) 0.90 (0.55-1.48)

Diabetes (vs nondiabetes) 2.17 (1.54-3.08)a 1.77 (1.21-2.59)a 1.73 (1.18-2.54)a 1.59 (1.07-2.37)a

Vintage (Δ12 mo) 1.01 (0.97-1.06) 1.03 (0.99-1.08) 1.03 (0.98-1.08) 1.03 (0.98-1.08)
Married (vs nonmarried) 0.96 (0.69-1.33) 0.81 (0.57-1.17) 0.83 (0.58-1.19) 0.86 (0.59-1.24)
Primary insurance
(vs Medicare/Medicaid)
Private 0.62 (0.34-1.11) 0.69 (0.37-1.28) 0.71 (0.38-1.31) 0.69 (0.37-1.28)
Other/unknown 0.74 (0.43-1.26) 0.99 (0.56-1.76) 0.97 (0.55-1.73) 1.00 (0.56-1.80)

AVF/AVG (vs CVC) 0.95 (0.60-1.51) 0.80 (0.49-1.31) 0.83 (0.50-1.35) 0.88 (0.53-1.46)
BMI (Δ5 kg/m2) 1.16 (1.03-1.30)a 1.13 (0.99-1.28) 1.12 (0.98-1.27) 1.10 (0.96-1.25)
Serum albumin (Δ0.5 mg/dL) 0.55 (0.42-0.71)a 0.64 (0.48-0.84)a 0.64 (0.48-0.85)a 0.64 (0.48-0.86)a

Serum creatinine (Δ1.0 g/dL) 0.90 (0.84-0.96)a 0.98 (0.91-1.07) 0.98 (0.91-1.07) 1.00 (0.92-1.09)
Normalized protein catabolic rate
(Δ0.2 g/kg/d)

0.93 (0.81-1.06) 0.95 (0.82-1.10) 0.96 (0.83-1.11) 1.01 (0.87-1.18)

Hemoglobin (Δ1 g/dL) 0.99 (0.84-1.17) 1.02 (0.85-1.22) 1.02 (0.85-1.23) 1.03 (0.86-1.24)
Note: Reference quartiles: Q2-Q4.
Abbreviations: AVF, arteriovenous fistula; AVG, arteriovenous graft; BMI, body mass index; CI, confidence interval; CVC, central venous catheter; OR, odds ratio; Q,
quartile.
aSignificant estimates.
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Similar findings were observed with adjustment for
expanded case-mix + laboratory + center covariates,
although estimates for African American patients did not
reach statistical significance. With respect to time-varying
Mental Component scores, among Hispanic, African
American, and other race/ethnicity patients, point esti-
mates of the lowest time-varying quartile suggested higher
death risk but did not reach statistical significance
(P interaction for race/ethnicity = 0.37; Fig S2; Table S5).
Similar findings were observed with adjustment for
expanded case-mix + laboratory + center covariates.
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Figure 1. Association between 36-Item Short Form Health Sur-
vey Physical Component scores and all-cause mortality in the
overall cohort. Abbreviation: CI, confidence interval.
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SF-36 Subscale Scores and Mortality Risk

In secondary analyses examining time-varying subscale
scores in the overall cohort, expanded case-mix analyses
showed that the lowest quartile of each of the subscale
scores except for emotional well-being were associated
with higher mortality (reference: highest quartile; Fig 3;
Table S7). In expanded case-mix analyses that examined
time-varying subscale scores in 10-point increments,
Figure 2. Association between 36-Item Short Form Health Sur-
vey Physical Component scores and mortality across racial/
ethnic groups. Analyses adjusted for expanded case-mix covari-
ates, which included age, sex, race, ethnicity, diabetes, dialysis
vintage, marital status, primary insurance, and vascular access
type. Abbreviation: CI, confidence interval.
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Figure 3. Association between 36-Item Short Form Health Survey subscale scores and mortality across racial/ethnic groups: (A)
Physical Functioning, (B) Role Functioning/Physical, (C) Role Functioning/Emotional, (D) Energy/Fatigue, (E) Emotional Well-
Being, (F) Social Functioning, (G) Pain, and (H) General Health. Analyses adjusted for expanded case-mix covariates, which included
age, sex, race, ethnicity, diabetes, dialysis vintage, marital status, primary insurance, and vascular access type. Abbreviation: CI, con-
fidence interval.
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increasingly higher scores of all subscales except emotional
well-being were associated with lower death risk
(Table S6). Similar findings were observed with adjust-
ment for expanded case-mix + laboratory + center cova-
riates (Tables S6 and S7).

In expanded case-mix analyses stratified by race/
ethnicity, HRs for the lowest quartile of all time-varying
subscale scores were >1, although associations were only
statistically significant in the following racial/ethnic sub-
groups and time-varying subscale scores: Hispanics
(physical functioning and pain), African Americans (role
functioning/physical, role functioning/emotional, social
functioning, and pain), and other race/ethnicity (role
functioning/physical, social functioning, and general
health; Fig 3; Table S7).
DISCUSSION

In a racially/ethnically diverse, multicenter, and well-
characterized prospective cohort of hemodialysis patients
who underwent protocolized SF-36 assessments every 6
258
months, lower (worse) Physical and Mental Component
scores were associated with higher mortality risk in the
overall cohort. Lower (worse) scores across all SF-36
subscales except for emotional well-being were also asso-
ciated with higher death risk in the overall cohort. Upon
examining SF-36 scores across racial/ethnic subgroups,
the lowest quartile of Physical Component scores was
associated with higher mortality among Hispanic, African
American, and other race/ethnicity patients. Similarly,
point estimates of the lowest quartile of Mental Compo-
nent scores trended toward higher mortality in Hispanic,
African American, and other race/ethnicity patients,
although estimates did not reach statistical significance.

Few studies have specifically compared the relationship
between HRQoL and survival among hemodialysis patients
of distinct racial/ethnic backgrounds.2,5 In one of the
earlier studies conducted to date, Lopes et al5 examined
baseline Kidney Disease Quality of Life Short Form scores
and survival among hemodialysis patients from the US
Dialysis Outcomes and Practice Patterns Study (DOPPS)
cohort. Similar to our observations, there was a robust
Kidney Med Vol 1 | Iss 5 | September/October 2019
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association between lower Physical Component scores and
worse survival across non-Hispanic whites, non-Hispanic
African Americans, and Hispanics, whereas lower Mental
Component scores were linked with higher death risk
among non-Hispanic whites and non-Hispanic African
Americans only.

In a subsequent analysis by Feroze et al,2 baseline SF-36
score–mortality associations were compared among African
American versus non–African American hemodialysis pa-
tients. Although lower Physical and Mental Component
scores were associated with higher death risk in non–African
American patients, among African American patients, only
lower Mental Component scores were associated with worse
survival.

Among patients with non–dialysis-dependent chronic
kidney disease, several rigorous studies have examined
baseline and time-varying HRQoL scores among minor-
ities. For example, in a secondary analysis of the African-
American Study of Kidney Disease and Hypertension
(AASK) cohort by Porter et al,6 baseline, time-varying, and
cumulative Physical and Mental Component scores were
associated with higher cardiovascular death risk among
African American patients with non–dialysis-dependent
chronic kidney disease.6
Kidney Med Vol 1 | Iss 5 | September/October 2019
Most recently, in an analysis of non–dialysis-dependent
patients with chronic kidney disease from the Chronic
Renal Insufficiency Cohort (CRIC) and Hispanic CRIC
Studies who underwent baseline Kidney Disease Quality of
Life 36 assessment, Physical and Mental Component scores
tended to be higher in non-Hispanic whites compared
with non-Hispanic African Americans and Hispanics.
Although analyses of HRQoL and mortality were not
stratified by race/ethnicity, lower Physical and Mental
Component scores were associated with higher death risk
in the overall cohort.7

The present study builds on the existing literature in
several ways. First, whereas the mentioned hemodialysis
studies have examined baseline HRQoL scores only, ours is
the first to consider repeated measurements of the SF-36
(ie, thereby taking into account changes in HRQoL over
time), analogous to clinical practice in which HRQoL is
routinely (ie, annually) monitored.1,8-10

Second, our study leverages data from a prospective
cohort dedicated to examining racial/ethnic disparities
with a particularly high prevalence of minorities compared
with previous investigations (ie, w50% vs 10% of patients
of Hispanic background in our study vs the Lopes et al5

study, respectively). Notably, although population-based
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studies have reported a paradoxical survival advantage
among minority hemodialysis patients,12,15,18-22 our study
observed lower levels of self-reported HRQoL, as well as
potent associations of lower SF-36 scores with mortality
risk particularly in Hispanics (ie, for Physical Component
and physical functioning and pain subscale scores) and
African Americans (ie, for Physical Component and role
functioning/physical, role functioning/emotional, social
functioning, and pain subscale scores).

Potential reasons as to why statistically significant associ-
ations were more frequently observed in Hispanic and Afri-
can American patients include their dominant representation
in the diverseMADRAD cohort (ie, resulting in greater power
to detect significant associations); differential responses to the
SF-36 across race/ethnicity (ie, similar decrements in SF-36
scores may represent greater HRQoL impairments in His-
panic and African American patients); and more detrimental
impact of impaired physical health on survival in these sub-
groups (ie, impaired SF-36 scores in the Hispanic and African
American patients were largely centered on physical health).
Thus, our findings highlight the critical importance of
comprehensive HRQoL assessment in minority patients with
ESRD and an urgent need to identify interventions that can
improve their physical and mental well-being.

In addition, our study adds new knowledge to the field
regarding potential modifiable and nonmodifiable factors
linked with worse SF-36 scores in hemodialysis patients.
Notably, we observed that markers of better nutritional
status (ie, serum albumin) were associated with higher
(better) SF-36 scores particularly related to physical health.
In contrast, older age and the presence of diabetes were
associated with lower (worse) SF-36 scores centered on
physical health. In addition, we found that arteriovenous
fistula/graft use was associated with better Mental
Component scores versus central venous catheter use
(which may be due to reduced infection, inflammation,
and downstream impairments in HRQoL). Hence, further
studies are needed to determine whether nutritional in-
terventions and implementation of best dialysis practices
can improve the HRQoL of hemodialysis patients.

The strengths of our study include its diverse cohort of
hemodialysis patients who underwent protocolized
HRQoL assessments every 6 months, rigorous use of an
HRQoL instrument that has been validated in the hemo-
dialysis and other chronic disease populations, and
comprehensive availability of detailed patient-level data on
sociodemographics, comorbid conditions, dialysis treat-
ment characteristics, and vital status collected in the
outpatient setting.

However, several limitations of our study bear mention.
First, it is possible that patients who agreed to participate
in the MADRAD Study may be healthier than those who
were not recruited and may have thus had higher (better)
HRQoL scores compared with the broader hemodialysis
population.
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Second, although we had the opportunity to examine a
well-characterized prospective cohort, the limited sample
size of our study population likely precluded the ability to
detect significant interactions on the basis of race/ethnicity
(ie, much larger sample size needed to estimate an inter-
action than to estimate a main effect).

Third, given that our recruitment was restricted to 18
outpatient dialysis units in Southern California, our find-
ings may not be generalizable to other geographic regions
in which patients’ case-mix characteristics and dialysis
practice patterns may differ.

Fourth, because patients with ESRD receiving home
modalities have been observed to have higher HRQoL scores
versus those receiving in-center hemodialysis, our obser-
vations may not be relevant to the former population.30

Finally, as with all observational studies, we cannot
exclude the possibility of residual confounding.

In conclusion, impaired HRQoL scores, defined by
lower SF-36 Physical and Mental Component and subscale
scores, were associated with higher mortality risk in he-
modialysis patients, including those of minority back-
ground. Further studies are needed to identify
interventions that can effectively improve the HRQoL and
downstream survival of the diverse US hemodialysis
population.
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