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Original Investigation

Subgroups of Patients with Distinct Health Utility
Profiles after AKI

Yuenting D. Kwong ,1 Kathleen D. Liu,1,2 Chi-yuan Hsu,1 Bruce Cooper ,3 Paul M. Palevsky,4,5 John A. Kellum ,6

Kirsten L. Johansen,7 and Christine Miaskowski 3

Key Points
c Health utility profiles can be identified at 60 days after AKI.
c Patient subgroups with distinct health utility profiles have different characteristics at index hospitalization and

outcomes at 1 year.
c These profiles may be useful when considering resources to improve the physical and emotional health of

patients after AKI.

Abstract
Background A large amount of interindividual variability exists in health-related quality of life outcomes after
AKI. This study aimed to determine whether subgroups of early AKI survivors could be identified on the basis of
distinct health utility impairment profiles ascertained at 60 days after AKI and whether these subgroups differed
in clinical and biomarker characteristics at index hospitalization and outcomes at 1-year follow-up.

Methods This retrospective analysis used data from the Biologic Markers of Renal Recovery for the Kidney study,
an observational subcohort of the Acute Renal Failure Trial Network study. Of 402 patients who survived to 60
days after AKI, 338 completed the Health Utility Index 3 survey, which measures impairments in eight health
attributes. Latent class analysis was used to identify subgroups of patients with distinct health utility profiles.

Results Three subgroups with distinct health utility impairment profiles were identified: Low (28% of partic-
ipants), Moderate (58%), and High (14%) with a median of one, four, and six impairments across the eight health
attributes at 60 days after AKI, respectively. Patient subgroups differed in weight, history of cerebrovascular
disease, intensity of dialysis, hospital length of stay, and dialysis dependence. Serum creatinine and blood urea
nitrogen at index hospitalization did not differ among the three subgroups. The High impairment subgroup had
higher levels of IL-6 and soluble TNF receptor 2 at study day 1. The three subgroups had different 1-year
mortality rates: 5% in the Low, 21% in the Moderate, and 52% in the High impairment subgroup.

Conclusion Patient subgroups with distinct health utility impairment profiles can be identified 60 days after AKI.
These subgroups have different characteristics at index hospitalization. A higher level of impairment at 60 days
was associated with decreased survival.

KIDNEY360 4: 881–889, 2023. doi: https://doi.org/10.34067/KID.0000000000000201

Introduction
AKI occurs in approximately 50% of critically ill
patients and is associated with increased morbid-
ity and mortality.1 Knowledge gaps exist regard-
ing health-related quality of life (HRQOL) among
survivors of AKI. While some studies reported that
survivors of AKI experience decreases in HRQOL,2–4

others found no differences.5–8 In one systematic
review,9 AKI survivors experienced meaningful
HRQOL impairments as measured by instruments,
such as the Medical Outcomes Study Question-
naire Short Form 36. However, many AKI survivors
have also reported a satisfactory health status.6,10–12

These inconsistent findings in HRQOL among
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AKI survivors may be related to heterogeneity in baseline
levels of impairment, severity and etiology of AKI, dis-
ease course, and/or responses to treatments.9,13

Latent class analysis (LCA) is an analytic approach that
can be used to identify subgroups of patients with distinct
profiles of a clinical outcome (e.g., quality of life). While
used extensively in symptom research,14 LCA has not been
used to identify subgroups of patients with distinct health
utility profiles after AKI. Once these subgroups are identi-
fied, demographic, clinical, and biomarker risk factors
associated with these subgroups can be evaluated. The
identification of risk factors of poorer HRQOL among sur-
vivors of AKI may allow for better allocation of resources
after hospital discharge.
Limited evidence exists to inform strategies for the pro-

vision of health care and rehabilitation to AKI survivors.
Some clinical risk factors, including age, admission status,
primary service, and longer hospital stays, were associated
with poor HRQOL after AKI.15 Biological mechanisms that
underlie decrements in HRQOL after AKI are not well
understood. In the past decade, new biomarkers associated
with inflammation, apoptosis, necrosis, and cell-cycle reg-
ulation were used to improve the prediction and prognos-
tication of AKI.16,17 Similar biomarkers were associated
with poorer HRQOL and a higher burden of symptoms,
including pain, fatigue, sleep disturbance, and depression
in patients with cancer.18–20 This study will provide new
insights into potential common biomarkers associated with
poorer HRQOL in patients with AKI compared with other
disease states.
Using data from the Biologic Markers of Renal Recovery

for the Kidney (BioMaRK) study,21–23 this study is the first
to use LCA to identify subgroups of patients with distinct
health utility profiles from surveys administered at 60 days
after AKI and examine associated demographic, clinical, and
biological risk factors. In addition, the relationship between
subgroups with distinct health utility profiles of AKI survi-
vors at 60 days and 1-year outcomes were evaluated.

Methods
Data Source
BioMaRK21–23 is a nested observational cohort study

conducted as an ancillary study to the Veterans Affairs/
National Institutes of Health Acute Renal Failure Trial
Network (VA/NIH ATN) study.24,25 This multicenter,
randomized trial evaluated intensive versus less intensive
RRT in critically ill patients with AKI attributed to acute
tubular necrosis plus sepsis or additional organ failure
conducted between November 2003 and July 2007 (clin-
icaltrials.gov: NCT00076219). AKI was defined by oliguria
(average urine output #20 ml/h) for .24 hours or an
increase in serum creatinine (SCr) of $2 mg/dl in male
patients or $1.5 mg/dl in female patients over a period of
#4 days with a clinical plan for RRT. Patients with base-
line SCr of .2 mg/dl in male patients and .1.5 mg/dl in
female patients were excluded from this trial. Further
details of the trial have been published.24,25

BioMaRK included all participants who gave additional
written consent for the collection and banking of samples.
Demographic and clinical characteristics as well as samples
were collected around the time of AKI diagnosis. Only patients

who survived to 60 days after enrollment and provided
HRQOL data were included in this study. The VA/NIH
ATN and BioMaRK studies were approved by the Human
Rights Committee at the West Haven VA Cooperative Studies
Program Coordinating Center and by the institutional review
boards at each of the participating study sites.

Health Utility Measure
Survivors at 60 days after randomization were asked to

complete the Health Utility Index 3 (HUI-3), a HRQOL ques-
tionnaire, by telephone or in person. If the patient was unable
to participate, the questionnaire was filled out by a surrogate
(n5108). The HUI-326 is a 40-item questionnaire that evaluates
eight health attributes (i.e., vision, hearing, speech, ambula-
tion, dexterity, emotion, cognition, pain) to determine a utility
score. Respondents were asked about the type and extent of
impairments experienced over the past week. A preference-
based scoring function was then used to convert descriptive
measures of impairments into a utility subscore for each
attribute. For example, a utility subscore of 1 for ambulation
indicates that the patient can walk around the neighborhood
without difficulty and without walking equipment and a six
indicates that the patient cannot walk at all.
The eight utility subscores for each attribute were dichot-

omized into having no impairments for that attribute (utility
subscore51) versus having impairments for that attribute
(utility subscore .1). The subscores were dichotomized to
increase the stability of the latent class solution. In addition,
this dichotomization simplified the interpretation of results
because the subscores ranged from both one to five and one
to six depending on the attribute. Where possible, inspection
and logical deduction were used to complete missing ele-
ments following the method by Naiem and colleagues (5% of
the subscores).27 HUI-3 forms with missing data for all eight
attributes were excluded from the analysis (n564). The HUI-
3 is a valid and reliable measure that was used in numerous
studies of patients with AKI requiring RRT.28,29

LCA
LCA is a person-centered analytic approach that evalu-

ates for unobserved subgroups within a population on the
basis of an observed response pattern.30,31 LCA is
considered a more statistically robust method to identify
subgroups of patients with distinct profiles because fit in-
dices are available to determine the optimal number of
latent classes.32 In this study, LCA was applied to the eight
HUI-3 attributes that were dichotomized into not impaired
versus impaired status for each patient. Fit indices for 1
through 4-class solutions were estimated by maximum
likelihood using an expectation-maximization procedure.33

The optimal number of latent classes or patient subgroups
that fit the data best was determined using the Bayesian
Information Criterion (BIC), Vuong–Lo–Mendell–Rubin
maximum likelihood ratio test, and size of the smallest
class. The model with the best fit had the lowest BIC.34

LCA was conducted using Mplus8.33 All of the other anal-
yses were conducted using STATA.35

Potential Risk Factors of Subgroup Membership
Once the patient subgroups with distinct health utility

profiles at 60 days after study enrollment were identified,
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differences among the subgroups in demographic, clinical,
and biomarker risk factors that were assessed at index
hospitalization were evaluated using Pearson chi-square
or Kruskal–Wallis tests. Post hoc contrasts were performed
using Bonferroni correction. The following list of risk factors
was evaluated.

Demographic Characteristics
Age, sex, self-reported ethnicity, and body mass index

were analyzed.

Clinical Characteristics at Index Hospitalization
Occurrence of diabetes, cardiovascular disease, cancer,

immunocompromised status, or cerebrovascular disease;
cause of AKI; conventional laboratory data (i.e., hemoglo-
bin, SCr, blood urea nitrogen, serum albumin) ascertained
on Day 1 of the clinical trial; intervention assignment
(intensive versus less intensive RRT dosing); hospital
and intensive care unit (ICU) length of stay (quantified
as hospital and ICU-free days from day 60)36; and RRT
dependence at Day 60 of the trial were analyzed.

Inflammatory and Oxidative Stress Biomarkers
GM CSF, IL-1-b, IL-6, IL-8, IL-10, IL-18, TNF-a, soluble

TNF receptor (sTNFR)-1, sTNFR-2, macrophage migration
inhibitory factor, and death receptor-5 were analyzed from
blood sample collection on study day 1 before the initiation
of protocolized RRT dosing and on study day 8.

Distal Outcomes
One-year health utility and mortality outcomes in each

subgroup were examined.

Results
Of the 817 patients enrolled in the BioMaRK study, 402

patients were alive on day 60 and 338 completed the HUI-3
(Figure 1). Using LCA, three subgroups of patients with
distinct health utility profiles were identified (Table 1). The
three-class solution was selected because its BIC was lower
than the BIC for both the two and four-class solutions.
Table 2 displays the health attribute characteristics of the

three distinct patient subgroups. The three subgroups were
labeled Low, Moderate, and High on the basis of the occur-
rence of health utility impairments observed. The largest
subgroup (58%, n5197) of patients (Moderate) had a median
of four impaired attributes. The probability of impairments
ranged from 4% in speech to 86% in ambulation. The second
largest subgroup (28%, n594) of patients (Low) had a me-
dian of one impaired attribute. The probability of impair-
ments ranged from 0% in speech to 64% in vision. The third
subgroup (14%, n547) of patients (High) had a median of six
impaired attributes. The probability of impairments ranged
from 26% in hearing to 98% in ambulation.
The Low, Moderate, and High subgroups had different

rates of survey self-responses at 60 days after study enroll-
ment (83%, 71%, and 26%, respectively). The remainder of
the questionnaires was completed by surrogates. Surrogate
responses reported more impairments in health utility attri-
butes compared with self-responses. In the Low subgroup,
impaired hearing was 7% among surrogate responses versus

0% among self-responses. In the Moderate subgroup, im-
paired dexterity was 26% versus 12% and impaired cognition
was 62% versus 45%. In the High subgroup, impaired hear-
ing was 12% versus 0% and impaired dexterity was 82%
versus 50%.

Differences in Patient Characteristics at Enrollment
Table 3 summarizes the differences in demographic and

clinical characteristics at enrollment into the BioMaRK
study among the three health utility impairment subgroups.
The High subgroup had significantly lower weight com-
pared with the Moderate subgroup (75 versus 87 kg), more
cerebrovascular disease (7% compared with 0% in the Low
subgroup and 2% in the Moderate subgroup), and a higher
proportion of patients randomized to intensive RRT strat-
egy compared with the Low subgroup (57% versus 36%).

Differences in Biomarkers on Day 1 and Day 8
Table 4 summarizes the differences in biomarkers mea-

sured during index hospitalization among the three health
utility impairment subgroups. Conventional biomarkers,

Figure 1. Flow diagram of patients in this study from the BioMaRK
cohort. BioMaRK, Biologic Markers of Renal Recovery for the
Kidney.
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such as median day 1 levels of SCr, hemoglobin, blood urea
nitrogen, and serum albumin, did not differ among the
three patient subgroups. However, the High health utility
impairment subgroup had higher levels of IL6 (Low5135,
Moderate5113, High5210 pg/ml, P 5 0.04) and sTNFR2
(Low55681, Moderate55243, High56860 pg/ml, P , 0.01)
at study day 1. By study day 8, only levels of sTNFR2
(Low54690, Moderate54746, High56094 pg/ml, P 5 0.04)
were significantly higher in the High health utility impair-
ment subgroup.

Differences in Clinical Status at Day 60
Table 5 summarizes the differences in clinical status at 60

days among the three health utility impairment subgroups.
The Low, Moderate, and High subgroups had different
rates of RRT dependence (17%, 21%, and 38%, respectively)
and hospital discharge (i.e., 98%, 79%, and 57%, respec-
tively) at 60 days. In addition, they had different median
ICU-free days from day 60 (i.e., Low550, Moderate546,
and High530) and hospital-free days to day 60 (i.e.,
Low538, Moderate525, High511).

Differences in 1-Year Outcomes
Of the 338 patients, 68 patients died by the 1-year follow-

up. Mortality rates differed among the subgroups: 5% in the
Low, 21% in the Moderate, and 52% in the High subgroup.
Supplemental Table 1 presents the occurrence of impair-

ments among 1-year survivors in each patient subgroup.

Survivors in the Low subgroup most frequently reported
impairments in vision (65%), pain (41%), ambulation (20%),
and cognition (20%). Survivors in the High subgroup most
frequently reported impairments in ambulation (100%),
vision (86%), cognition (64%), and emotion (57%).

Discussion
This study is the first to use LCA to identify three sub-

groups of AKI survivors with distinct health utility profiles
on the basis of HUI-3 surveys administered at 60 days after
study enrollment. The subgroups labeled Low, Moderate,
and High had a median of 1, 4, and 6 health utility impair-
ments, respectively. These subgroups differed in their
baseline clinical characteristics (i.e., weight and history of
cerebrovascular disease) and intervention assignment (i.e.,
intensive versus less intensive RRT) during index AKI
hospitalization. While conventional biomarkers were not
different among the three subgroups, the High subgroup
had increased inflammatory biomarkers (IL6 and sTNFR2
at study day 1 and sTNFR2 at study day 8). The High health
utility impairment subgroup was more likely to be RRT-
dependent and had fewer ICU and hospital-free days at
study day 60. Furthermore, the subgroups had strikingly
different 1-year mortality rates, ranging from 5% (Low) to
52% (High).
Prior studies have evaluated risk factors of poorer

HRQOL in patients after AKI. In this study, the patients

Table 1. Health utility latent class solutions and fit indices for one through four classes

Model LL AIC BIC Entropy VLMR P Value

1 Class 21489.30 2994.59 3025.18 — — —

2 Class 21392.30 2818.60 2883.59 0.688 190.36 0.0088
3 Classa 21359.55 2771.09 2870.49 0.726 64.28 0.0013b

4 Class 21351.04 2772.08 2905.89 0.683 10.99 0.5611

aBaseline entropy and VLMR are not applicable for the one-class solution. LL, log-likelihood; AIC, Akaike Information Criterion; BIC,
Bayesian Information Criterion; VLMR, Vuong–Lo–Mendell–Rubin likelihood ratio test for the K versus K-1 model.The 3-class solution
was selected because the BIC for that solution was lower than the BIC for the 2-class solution. In addition, the VLMRwas significant for
the 3-class solution, indicating that three classes fit the data better than two classes. The BIC increased for the 4-class solution compared
with the 3-class solution, indicating that the fit of the 4-class solution was worse. Furthermore, the VLMR was not significant for the
4-class solution, indicating that too many classes had been extracted.
bP , 0.005.

Table 2. Differences among the latent classes in the occurrence of impairments in the eight health attributes at 60 days among
survivors of AKI

Impaired Health Utility Attributes
from the HUI-3

Low (A), n594 (28%) Moderate (B), n5197 (58%) High (C), n547 (14%)

n % n % n %

Vision 60 64 132 67 35 74
Hearing 1 1 17 9 12 26
Speech 0 0 7 4 46 98
Ambulation 18 19 170 86 46 98
Dexterity 6 6 31 16 34 72
Emotion 5 5 137 70 35 74
Cognition 10 11 95 48 34 72
Pain 23 24 139 71 27 57

HUI-3, Health Utility Index 3.
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with the High health utility impairment profile had signif-
icantly lower weights. This result is consistent with prior
studies that note weight loss and failure to regain weight
after experiencing a critical illness are associated with poor
HRQOL.37,38 However, this study’s results differed from
prior studies in that age and baseline renal function were
not associated with latent class membership. The Prolonged
Outcomes Study of the Randomized Evaluation of Normal
versus Augmented Level Replacement Therapy found that
increased age and reduced baseline renal function were
associated with worse physical quality of life.39 In a sec-
ondary analysis of 462 critically ill patients with AKI,40 age
and preexisting frailty were independently associated with
worse scores on the clinical frailty scale. These inconsistent
findings may be related to the fact that this study’s sample
was older and patients with significant CKDwere excluded.
This study’s results differ from a prior analysis of the

parent clinical trial that found that RRT intensity was not
associated with health utility after AKI.15 Among the three
subgroups of patients with distinct health utility profiles,
the patients with the High health utility impairment profile
were most likely to have been assigned to the intensive
RRT arm. This finding may be because of the use of the
LCA to identify health utility profiles.15 The advantage of
LCA is that, rather than being confined to observed
variables, a sample can be organized into subgroups of
similar individuals while accounting for unobserved (i.e.,
latent) heterogeneity within and between groups.41 Case
mix or heterogeneity in a sample is identified as a

contributor to null results in clinical trials.42 Findings
from a previous LCA suggested molecularly distinct AKI
subphenotypes with differential responses to vasopressin
therapies and different clinical outcomes.43

In addition to being the most likely to be assigned to the
intensive RRT arm, the High health utility impairment
subgroup had the highest rates of RRT dependence at 60
days. Prior literature indicates that intensifying RRT from 3
to 6 days a week was associated with impaired renal re-
covery, and impaired renal recovery was associated with
decrements in HRQOL.15,42,43 Additional studies are
needed to understand the relationship between RRT inten-
sity, recovery of kidney function, and health utility.
Of all of the biomarkers evaluated, the subgroup with

High health utility impairment had higher IL6 and
sTNFR2 at study day 1 and higher sTNFR2 at study
day 8. In studies of oncology patients, elevations of cyto-
kines, including IL6, were associated with increases in
pain, depression, and sleep disturbance, and elevated
sTNFR2 levels were associated with increased severity
of fatigue.20 These same biomarkers were associated with
neuropsychiatric symptoms in coronavirus disease 2019
and heart failure.44,45 A potential hypothesis is that dys-
regulation of these inflammatory pathways may be asso-
ciated with poorer HRQOL (i.e., fatigue, depression)
independent of disease.20 On the other hand, increases
in IL6 and sTNFR2 were associated with increased mor-
tality and rapid loss of kidney function after AKI.23,46

Additional studies are needed to determine whether

Table 3. Differences in demographics and clinical characteristics among the three patient subgroups at enrollment

Characteristics
Low (A) Moderate (B) High (C)

P Valuea

N594 (28%) n5197 (58%) n547 (14%)

Demographic characteristics
Age (yr) 55 (45–67) 61 (51–68) 62 (51–71) 0.07
Male (versus female) 58 (62%) 134 (68%) 34 (72%) 0.39
Ethnicity 0.67

Black 13 (14%) 29 (15%) 8 (17%)
Hispanic 6 (6%) 8 (4%) 2 (4%)
White 73 (78%) 156 (79%) 34 (72%)
Other 2 (2%) 4 (2%) 3 (6%)

Weight (kg) 84 (67–92) 87 (73–100) 76 (66–91) 0.03
B.C

Clinical characteristics (yes/no)
Risk factor

Diabetes 22 (23%) 69 (35%) 15 (32%) 0.14
Cardiovascular disease 30 (32%) 78 (40%) 19 (40%) 0.41
Cancer 13 (14%) 38 (19%) 13 (27%) 0.14
Immunocompromised 22 (23%) 32 (16%) 10 (21%) 0.31
Cerebrovascular disease 0 (0%) 3 (2%) 3 (7%) 0.02

A,B
AKI etiology

Sepsis 43 (46%) 94 (48%) 30 (64%) 0.10
Postsurgical 49 (52%) 99 (50%) 29 (62%) 0.37
Multifactorial 50 (53%) 105 (53%) 32 (68%) 0.17

Intervention
Intensive (versus less intensive) RRT 34 (36%) 95 (48%) 27 (57%) 0.04

A,C

Data presented as n (%) if categorical and median (lower interquartile range–upper interquartile range) if skewed.
aP-value for overall comparison; significant pairwise contrasts displayed.
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changes in levels of IL6 and sTNFR2 are early markers of
poorer health utility at 60 days after AKI and the role of
renal clearance of these biomarkers in HRQOL.

This study’s findings underscore the effect of longer
hospital stays on HRQOL. In the parent trial, longer hos-
pital and/or ICU lengths of stay were associated with lower

Table 4. Differences in laboratory markers among the three patient subgroups

Biomarkers
Low (A), n594 (28%) Moderate (B), n5197 (58%) High (C), n547 (14%)

P Valuea

Median IQR Median IQR Median IQR

Day 1
SCr (mg/dl) 1.3 1–2.4 1.5 1.1–2.2 1.3 0.9–1.8 0.09
Hemoglobin (g/dl) 9.7 8.7–10.9 9.9 9.1–10.8 9.7 8.4–10.4 0.30
Blood urea nitrogen (mg/dl) 23 16–42 28 17–50 25 17–43 0.44
Serum albumin (g/dl) 2.5 1.9–3 2.4 2.0–3.0 2.4 1.8–3.0 0.79

Day 1
GM CSF (pg/ml) 9 3–21 7 3–19 8 3–12 0.84
IL1 b (pg/ml) 23 23–46 23 23–27 23 23–40 0.18
IL6 (pg/ml) 134 54–280 113 56–245 210 98–1096 0.04

A and B,C
IL8 (pg/ml) 68 38–160 70 34–128 102 53–435 0.05
IL10 (pg/ml) 13 6–32 13 6–28 23 8–52 0.15
IL18 (pg/ml) 89 39–167 85 38–145 97 48–170 0.39
TNF-a (pg/ml) 2 2–4 2 2–4 2 2–3 0.67
sTNFR1 (pg/ml) 12,122 8626–15,967 12,064 8700–16,228 14,009 9700–19,448 0.22
sTNFR2 (pg/ml) 5681 4204–8084 5243 3907–6948 6860 4719–8928 ,0.01

A and B,C
MIF (pg/ml) 251 62–743 193 80–555 180 70–483 0.81
DR5 (pg/ml) 183 118–333 195 121–369 237 142–392 0.50

Day 8
GM CSF (pg/ml) 13 3–31 9 3–22 8 3–19 0.37
IL1 b (pg/ml) 23 23–56 23 23–25 23 23–53 0.15
IL6 (pg/ml) 69 33–119 66 41–143 96 54–137 0.24
IL8 (pg/ml) 47 28–71 55 33–102 69 29–179 0.08
IL10 (pg/ml) 10 5–23 8 4–16 11 6–20 0.20
IL18 (pg/ml) 66 34–138 68 34–132 79 40–143 0.69
TNF-a (pg/ml) 2 2–6 2 2–5 2 2–3 0.35
sTNFR1 (pg/ml) 10,494 7665–15,573 11,629 8354–14,914 14,169 9997–17,184 0.07
sTNFR2 (pg/ml) 4690 3072–6699 4746 3360–6872 6094 4290–8604 0.04

A,B,C
MIF (pg/ml) 116 35–285 109 43–250 94 39–143 0.63
DR5 (pg/ml) 178 104–319 177 95–341 224 135–325 0.43

IQR, interquartile range; SCr, serum creatinine; sTNFR, soluble TNF receptor; MIF, macrophage migration inhibitory factor; DR-5,
death receptor 5; mg, milligrams; dl, deciliters; g, gram; pg, picogram; ml, milliliter.
aP-value for overall comparison; significant pairwise contrasts displayed.

Table 5. Differences in clinical status among the three patient subgroups at day 60

Clinical Status at 60 Days
Low (A) Moderate (B) High (C)

P Valuea

n594 (28%) n5197 (58%) n547 (14%)

Dependent on RRT (yes/no) 16 (17%) 42 (21%) 18 (38%) 0.01
A5B,C

Discharged from hospital (yes/no) 92 (98%) 155 (79%) 27 (57%) ,0.01
A.B.C

ICU-free days from day 60 50 (41–55) 46 (36–53) 30 (8–41) ,0.01
A.B.C

Hospital-free days from day 60 38 (25–44) 25 (5–39) 11 (0–25) ,0.01
A.B.C

Data presented as n (%) if categorical and median (lower interquartile range–upper interquartile range) if skewed. ICU, intensive care
unit.
aP-value for overall comparison; significant pairwise contrasts displayed.
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health utility at 60 days after AKI.15 In the Finnish Acute
Kidney Injury cohort,5 longer hospital length of stay was
associated with lower EQ-5D scores, indicating worse qual-
ity of life at 6 months after AKI. Using LCA, the High health
utility impairment subgroup had lower ICU and hospital-
free days at study day 60.
Finally, the subgroups of patients with distinct health utility

profiles at day 60 after AKI had very different mortality rates 1
year after hospital discharge. This finding suggests that the use
of HUI-3 scores and LCA can identify subgroups of patients
with different prognoses. These results lend support to prior
literature that indicates that poorer HRQOL is an independent
predictor of mortality among AKI survivors.47

This study has several important strengths and limita-
tions. Strengths include the use of LCA, which accounts for
heterogeneity within a sample and accommodates for miss-
ing data. The presence of distinct HUI profiles demonstrates
that significant heterogeneity exists among patients after
AKI and poorer HRQOL is not evenly distributed among
patients. This study further leveraged biomarkers of AKI
and evaluated their potential role in HRQOL. The identi-
fied clinical risk factors and biomarkers could eventually
be used to risk-stratify patients who need additional sup-
port after hospital discharge and to inform goals-of-care
discussions when significantly poor health utility is expec-
ted after AKI.
Limitations include a retrospective study design, lack of a

validation cohort, and a relatively small sample size of 338
AKI survivors who completed the HUI-3 surveys. Since the
completion of the VA/NIH ATN study in 2007, AKI out-
comes may have changed with increased emphasis on
improvements in posthospitalization care and modification
of cardiovascular risk factors.48,49 As such, health utility
profiles of AKI-D survivors may have changed.
Survivor bias may have been introduced given that pa-

tients with clinical characteristics and biomarkers associ-
ated with poorer outcomes may not have survived to
60 days after enrollment to fill out the survey. In addition,
while caregiver HUI-3 responses were validated in patients
who have had a stroke,50 surrogates completed a sizeable
portion of the questionnaires. In this study, surrogates
reported more health utility impairments, which may or
may not truly reflect the patients’ responses.
This study demonstrated that significant heterogeneity

exists in the health utility domains among AKI survivors at
60 days after hospitalization. Future studies with larger
sample sizes may allow for a more robust identification of
risk factors of poorer health utility after AKI. Early identi-
fication of subgroups of patients with poorer health utility
may allow for targeted, appropriate allocation of rehabili-
tation efforts to improve HRQOL among patients after AKI.

Disclosures
C.-Y. Hsu reports the following: Consultancy: I have consulted for

legal cases involving acute or chronic kidney disease (Allen, King and
Spalding, Lewis Brisbois, McMasters Keith Butler, Shepherd &
Lewis); I also consult on an ad hoc basis for companies regarding
kidney disease (Aria Pharma, Triangle Insights Group); I have been
paid to Steering Committee member on an industry funded trial (LG
Chem); Research Funding: Satellite Healthcare; and Honoraria:
Royalties from UpToDate. P.M. Palevsky reports the following:
Consultancy: Janssen Research & Development, LLC; and Advisory

or Leadership Role: National Kidney Foundation: Immediate Past
President, Member, Scientific Advisory Board; Renal Physicians
Association:Member, Quality, Safety and Accountability Committee;
Quality Insights Renal Network 4: Chair, Medical Review Board;
UpToDate: Section Editor, Acute Kidney Injury; Journal of Intensive
Care Medicine: Member, Editorial Board. K.L. Johansen reports the
following: Consultancy: Akebia, GSK, Vifor; Advisory or Leadership
Role: GSK; and Other Interests or Relationships: Associate Editor,
Journal of the American Society of Nephrology. J.A. Kellum reports the
following: Consultancy: AM Pharma, Astellas, Astute Medical,
Baxter, bioMerieux, RenalSense; Ownership Interest: J3RM, Klotho,
Photophage, Spectral Medical; Research Funding: Astute Medical,
Astellas, Baxter, bioMerieux, RenalSense; Patents or Royalties: Astute
Medical, Cytosorbents, J3RM, Klotho, Photophage; and Advisory or
Leadership Role: Editor: Critical Care Clinics of North America;
Editorial Boards; Nephrology Dialysis Transplantation; Critical Care;
Critical Care Medicine; Blood Purification. K.D. Liu reports the
following: Employer: University of California San Francisco; Con-
sultancy: AM Pharma, Biomerieux, BOA Medical, Neumora, Seastar
Medical; Ownership Interest: Amgen (hold stock only); and Other
Interests or Relationships: UpToDate. All remaining authors have
nothing to disclose.

Funding
BioMaRK was supported by a grant (R01DK070910) from the

National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK). The VA/NIH ATN study was supported by the Co-
operative Studies Program of the Department of Veterans Affairs
Office of Research and Development (CSP #530) and by NIDDK by
interagency agreement Y1-DK-3508-01. The present analysis was
supported by the National Institute of Diabetes and Digestive and
Kidney Disease (NIDDK) of the National Institutes of Health (NIH
grants F32DK118870, R01DK114014, and R01DK122797 to YDK;
K24DK113381, R01DK114014, R01DK122797 to KDL; K24DK092291,
R01DK114014, R01DK122797 to CYH).

Acknowledgments

The content of this paper is solely the responsibility of the authors
and does not necessarily represent the official views of NIDDK or
NIH.

Author Contributions

Conceptualization: Bruce Cooper, Chi-yuan Hsu, Kirsten L.
Johansen, John A. Kellum, Yuenting D. Kwong, Kathleen D. Liu,
Christine Miaskowski.
Data curation: Bruce Cooper, Chi-yuan Hsu, Kirsten L. Johansen,
John A. Kellum, Yuenting D. Kwong, Kathleen D. Liu, Christine
Miaskowski, Paul M. Palevsky.
Formal analysis: Bruce Cooper, Chi-yuan Hsu, John A. Kellum,
Yuenting D. Kwong, Kathleen D. Liu, Christine Miaskowski.
Funding acquisition: Chi-yuan Hsu, John A. Kellum, Yuenting D.
Kwong, Kathleen D. Liu, Paul M. Palevsky.
Investigation: Bruce Cooper, Chi-yuan Hsu, John A. Kellum,
Yuenting D. Kwong, Kathleen D. Liu, Christine Miaskowski, Paul
M. Palevsky.
Methodology: Bruce Cooper, Chi-yuan Hsu, Kirsten L. Johansen,
John A. Kellum, Yuenting D. Kwong, Kathleen D. Liu, Christine
Miaskowski, Paul M. Palevsky.
Project administration: Chi-yuan Hsu, Yuenting D. Kwong,
Kathleen D. Liu.
Resources: Chi-yuan Hsu, John A. Kellum, Yuenting D. Kwong,
Kathleen D. Liu, Paul M. Palevsky.

KIDNEY360 4: 881–889, July, 2023 Health Utility Profiles after AKI, Kwong et al. 887



Software: Bruce Cooper, Chi-yuan Hsu, Yuenting D. Kwong,
Christine Miaskowski.
Supervision: Bruce Cooper, Chi-yuan Hsu, John A. Kellum,
Yuenting D. Kwong, Kathleen D. Liu, Christine Miaskowski.
Validation: Bruce Cooper, Chi-yuan Hsu, Yuenting D. Kwong,
Kathleen D. Liu, Christine Miaskowski.
Visualization: Chi-yuan Hsu, Yuenting D. Kwong, Kathleen D.
Liu, Christine Miaskowski.
Writing – original draft: Bruce Cooper, Chi-yuan Hsu, Yuenting D.
Kwong, Kathleen D. Liu, Christine Miaskowski.
Writing – review & editing: Bruce Cooper, Chi-yuan Hsu, Kirsten
L. Johansen, John A. Kellum, Yuenting D. Kwong, Kathleen D. Liu,
Christine Miaskowski, Paul M. Palevsky.

Supplemental Material
This article contains the following supplemental material online

at http://links.lww.com/KN9/A376.
Supplemental Table 1. Occurrence of impairments in the eight

health attributes among 1-year survivors in the three patient
subgroups.

References
1. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW.

Acute kidney injury, mortality, length of stay, and costs in
hospitalized patients. J Am Soc Nephrol. 2005;16(11):
3365–3370. doi:10.1681/ASN.2004090740

2. Hofhuis JG, van Stel HF, Schrijvers AJ, Rommes JH, Spronk PE.
The effect of acute kidney injury on long-term health-related
quality of life: a prospective follow-up study. Crit Care. 2013;
17(1):R17. doi:10.1186/cc12491

3. Switzer GE, Puttarajappa CM, Kane-Gill SL, et al. Patient-re-
ported experiences after acute kidney injury across multiple
health-related quality-of-life domains. Kidney360. 2022;3(3):
426–434. doi:10.34067/kid.0002782021

4. Mayer KP, Ortiz-Soriano VM, Kalantar A, Lambert J, Morris PE,
Neyra JA. Acute kidney injury contributes to worse physical and
quality of life outcomes in survivors of critical illness. BMC
Nephrol. 2022;23(1):137. doi:10.1186/s12882-022-02749-z

5. Nisula S, Vaara ST, Kaukonen KM, et al. Six-month survival and
quality of life of intensive care patients with acute kidney injury.
Crit Care. 2013;17(5):R250. doi:10.1186/cc13076

6. Oeyen S, De CorteW, Benoit D, et al. Long-term quality of life in
critically ill patients with acute kidney injury treated with renal
replacement therapy: a matched cohort study. Crit Care. 2015;
19(1):289. doi:10.1186/s13054-015-1004-8

7. Landoni G, Zangrillo A, Franco A, et al. Long-term outcome of
patients who require renal replacement therapy after cardiac
surgery. Eur J Anaesthesiol. 2006;23(1):17–22. doi:10.1017/
S0265021505001705

8. Vaara ST, Pettila V, Reinikainen M, Kaukonen KM. Population-
based incidence, mortality and quality of life in critically ill
patients treated with renal replacement therapy: a nationwide
retrospective cohort study in Finnish intensive care units. Crit
Care. 2012;16(1):R13. doi:10.1186/cc11158

9. Villeneuve PM, Clark EG, Sikora L, Sood MM, Bagshaw SM.
Health-related quality-of-life among survivors of acute kidney
injury in the intensive care unit: a systematic review. Intensive
Care Med. 2016;42(2):137–146. doi:10.1007/s00134-015-4151-0

10. Morgera S, Kraft AK, Siebert G, Luft FC, Neumayer HH. Long-
term outcomes in acute renal failure patients treated with
continuous renal replacement therapies. Am J Kidney Dis. 2002;
40(2):275–279. doi:10.1053/ajkd.2002.34505

11. Hamel MB, Phillips RS, Davis RB, et al. Outcomes and cost-
effectiveness of initiating dialysis and continuing aggressive care
in seriously ill hospitalized adults. Ann Intern Med. 1997;127(3):
195–202. doi:10.7326/0003-4819-127-3-199708010-00003

12. Maynard SE, Whittle J, Chelluri L, Arnold R. Quality of life and
dialysis decisions in critically ill patients with acute renal failure.
Intensive Care Med. 2003;29(9):1589–1593. doi:10.1007/
s00134-003-1837-5

13. Noble RA, Lucas BJ, Selby NM. Long-term outcomes in patients
with acute kidney injury. Clin J Am Soc Nephrol. 2020;15(3):
423–429. doi:10.2215/CJN.10410919

14. Harris CS, Dodd M, Kober KM, et al. Advances in conceptual
and methodological issues in symptom cluster research: a
20-year perspective. ANS Adv Nurs Sci. 2022;45(4):309–322.
doi:10.1097/ans.0000000000000423

15. Johansen KL, Smith MW, Unruh ML, et al. Predictors of health
utility among 60-day survivors of acute kidney injury in the
Veterans Affairs/National Institutes of Health Acute Renal Failure
Trial Network Study. Clin J Am Soc Nephrol. 2010;5(8):
1366–1372. doi:10.2215/CJN.02570310

16. Ostermann M, Zarbock A, Goldstein S, et al. Recommendations
on acute kidney injury biomarkers from the acute disease quality
initiative consensus conference: a consensus statement. JAMA
Netw Open. 2020;3(10):e2019209. doi:10.1001/
jamanetworkopen.2020.19209

17. Alge JL, Arthur JM. Biomarkers of AKI: a review of mechanistic
relevance and potential therapeutic implications. Clin J Am Soc
Nephrol. 2015 10;10(1):147–155. doi:10.2215/CJN.12191213

18. Shin J, Kober KM, Harris C, et al. Perturbations in neuro-
inflammatory pathways are associated with a worst pain profile
in oncology patients receiving chemotherapy. J Pain. 2023;24(1):
84–97. doi:10.1016/j.jpain.2022.08.007

19. Calvo-Schimmel A, Kober KM, Paul SM, et al. Sleep disturbance
is associated with perturbations in immune-inflammatory path-
ways in oncology outpatients undergoing chemotherapy. Sleep
Med. 2023;101:305–315. doi:10.1016/j.sleep.2022.11.014

20. Miaskowski C, Aouizerat BE. Biomarkers: symptoms, survivor-
ship, and quality of life. Semin Oncol Nurs. 2012;28(2):
129–138. doi:10.1016/j.soncn.2012.03.008

21. Fiorentino M, Tohme FA, Murugan R, Kellum JA. Plasma bio-
markers in predicting renal recovery from acute kidney injury in
critically ill patients. Blood Purif. 2019;48(3):253–261. doi:
10.1159/000500423

22. Srisawat N, Wen X, Lee M, et al. Urinary biomarkers and renal
recovery in critically ill patients with renal support. Clin J Am Soc
Nephrol. 2011;6(8):1815–1823. doi:10.2215/CJN.11261210

23. Murugan R,Wen X, Shah N, et al, Biological Markers for Recovery
of Kidney Study Investigators. Plasma inflammatory and apoptosis
markers are associated with dialysis dependence and death among
critically ill patients receiving renal replacement therapy. Nephrol
Dial Transplant. 2014;29(10):1854–1864. doi:10.1093/ndt/gfu051

24. Palevsky PM, O’Connor T, Zhang JH, Star RA, Smith MW.
Design of the VA/NIH Acute Renal Failure Trial Network (ATN)
Study: intensive versus conventional renal support in acute renal
failure. Clin Trials. 2005;2(5):423–435. doi:10.1191/
1740774505cn116oa

25. VA/NIH Acute Renal Failure Trial Network, Palevsky PM, Zhang
JH, O’Connor TZ, et al. Intensity of renal support in critically ill
patients with acute kidney injury. N Engl J Med. 2008;359(1):
7–20. doi:10.1056/NEJMoa0802639

26. Horsman J, Furlong W, Feeny D, Torrance G. The Health
Utilities Index (HUI): concepts, measurement properties and
applications. Health Qual Life Outcomes. 2003;1:54. doi:
10.1186/1477-7525-1-54

27. Naeim A, Keeler EB, Mangione CM. Options for handling
missing data in the health utilities index mark 3. Med Decis
Making. 2005;25(2):186–198. doi:10.1177/0272989X05275153

28. Furlong WJ, Feeny DH, Torrance GW, Barr RD. The Health
Utilities Index (HUI) system for assessing health-related quality
of life in clinical studies. Ann Med. 2001;33(5):375–384. doi:
10.3109/07853890109002092

29. Liem YS, Bosch JL, Myriam Hunink M. Preference-based quality
of life of patients on renal replacement therapy: a systematic
review and meta-analysis. Value Health. 2008;11(4):733–741.
doi:10.1111/j.1524-4733.2007.00308.x

30. Lanza ST, Flaherty BP, Collins LM, editors. Latent Class and
Latent Transition Analysis. John Wiley & Sons, Inc.; 2003.

31. Muthen BO. Beyond SEM: general latent variable modeling.
Behaviormetrika. 2002;29(1):81–117. doi:10.2333/bhmk.29.81

32. Sinha P, Calfee CS, Delucchi KL. Practitioner’s guide to latent
class analysis: methodological considerations and common
pitfalls. Crit Care Med. 2021;49(1):e63–e79. doi:10.1097/
ccm.0000000000004710

888 KIDNEY360

http://links.lww.com/KN9/A376
http://links.lww.com/KN9/A376
https://doi.org/10.1681/ASN.2004090740
https://doi.org/10.1186/cc12491
https://doi.org/10.34067/kid.0002782021
https://doi.org/10.1186/s12882-022-02749-z
https://doi.org/10.1186/cc13076
https://doi.org/10.1186/s13054-015-1004-8
https://doi.org/10.1017/S0265021505001705
https://doi.org/10.1017/S0265021505001705
https://doi.org/10.1186/cc11158
https://doi.org/10.1007/s00134-015-4151-0
https://doi.org/10.1053/ajkd.2002.34505
https://doi.org/10.7326/0003-4819-127-3-199708010-00003
https://doi.org/10.1007/s00134-003-1837-5
https://doi.org/10.1007/s00134-003-1837-5
https://doi.org/10.2215/CJN.10410919
https://doi.org/10.1097/ans.0000000000000423
https://doi.org/10.2215/CJN.02570310
https://doi.org/10.1001/jamanetworkopen.2020.19209
https://doi.org/10.1001/jamanetworkopen.2020.19209
https://doi.org/10.2215/CJN.12191213
https://doi.org/10.1016/j.jpain.2022.08.007
https://doi.org/10.1016/j.sleep.2022.11.014
https://doi.org/10.1016/j.soncn.2012.03.008
https://doi.org/10.1159/000500423
https://doi.org/10.2215/CJN.11261210
https://doi.org/10.1093/ndt/gfu051
https://doi.org/10.1191/1740774505cn116oa
https://doi.org/10.1191/1740774505cn116oa
https://doi.org/10.1056/NEJMoa0802639
https://doi.org/10.1186/1477-7525-1-54
https://doi.org/10.1177/0272989X05275153
https://doi.org/10.3109/07853890109002092
https://doi.org/10.1111/j.1524-4733.2007.00308.x
https://doi.org/10.2333/bhmk.29.81
https://doi.org/10.1097/ccm.0000000000004710
https://doi.org/10.1097/ccm.0000000000004710


33. Muthén LK, Muthén B. Mplus User’s Guide: Statistical Analysis
with Latent Variables, User’s Guide. Muthén & Muthén; 2017.

34. Nylund KL, Asparouhov T, Muthén BO. Deciding on the number
of classes in latent class analysis and growth mixture modeling: a
Monte Carlo simulation study. Struct Equ Model. 2007;14(4):
535–569. doi:10.1080/10705510701575396

35. StataCorp LP. Stata User’s Guide. Stata Press, Stata-Corp LP;
1985.

36. Auriemma CL, Taylor SP, Harhay MO, Courtright KR, Halpern
SD. Hospital-free days: a pragmatic and patient-centered out-
come for trials among critically and seriously ill patients. Am J
Respir Crit Care Med. 2021;204(8):902–909. doi:10.1164/
rccm.202104-1063PP

37. Singer P. Preserving the quality of life: nutrition in the ICU. Crit
Care. 2019;23(S1):139. doi:10.1186/s13054-019-2415-8

38. Toft-Petersen AP, Wulff J, Harrison DA, et al. Exploring the
impact of using measured or estimated values for height and
weight on the relationship between BMI and acute hospital
mortality. J Crit Care. 2018;44:196–202. doi:10.1016/
j.jcrc.2017.11.021

39. Wang AY, Bellomo R, Cass A, et al. Health-related quality of life
in survivors of acute kidney injury: the prolonged outcomes
study of the randomized evaluation of normal versus augmented
level replacement therapy study outcomes: quality of life fol-
lowing acute kidney injury. Nephrology (Carlton). 2015;20(7):
492–498. doi:10.1111/nep.12488

40. Beaubien-Souligny W, Yang A, Lebovic G, Wald R, Bagshaw
SM. Frailty status among older critically ill patients with severe
acute kidney injury. Crit Care. 2021;25(1):84. doi:10.1186/
s13054-021-03510-y

41. Lanza ST, Cooper BR. Latent class analysis for developmental
research. Child Dev Perspect. 2016;10(1):59–64. doi:10.1111/
cdep.12163

42. Liu KD. Clinical trials for AKI: lessons learned from the ARDS
network. Semin Nephrol. 2020;40(2):243–246. doi:10.1016/
j.semnephrol.2020.02.001

43. Bhatraju PK, Zelnick LR, Herting J, et al. Identification of acute
kidney injury subphenotypes with differing molecular signatures
and responses to vasopressin therapy. Am J Respir Crit Care Med.
2019;199(7):863–872. doi:10.1164/rccm.201807-1346OC

44. Kappelmann N, Dantzer R, Khandaker GM. Interleukin-6 as
potential mediator of long-term neuropsychiatric symptoms of
COVID-19. Psychoneuroendocrinology. 2021;131:105295. doi:
10.1016/j.psyneuen.2021.105295

45. Moughrabi S, Evangelista LS, Habib SI, et al. In patients with
stable heart failure, soluble TNF-receptor 2 is associated with
increased risk for depressive symptoms. Biol Res Nurs. 2014;
16(3):295–302. doi:10.1177/1099800413496454

46. McCoy IE, Hsu JY, Bonventre JV, et al. Acute kidney injury
associates with long-term increases in plasma TNFR1,
TNFR2, and KIM-1: findings from the CRIC study. J Am Soc
Nephrol. 2022;33(6):1173–1181. doi:10.1681/
ASN.2021111453

47. Joyce VR, Smith MW, Johansen KL, et al. Veteran affairs/National
Institutes of Health Acute Renal Failure Trial N: health-related
quality of life as a predictor of mortality among survivors of AKI.
Clin J Am Soc Nephrol. 2012;7(7):1063–1070. doi:10.2215/
CJN.00450112

48. Kashani K, Rosner MH, Haase M, et al. Quality improvement
goals for acute kidney injury. Clin J Am Soc Nephrol. 2019;14(6):
941–953. doi:10.2215/CJN.01250119

49. Harding JL, Li Y, Burrows NR, Bullard KM, Pavkov ME. US trends
in hospitalizations for dialysis-requiring acute kidney injury in
people with versus without diabetes. Am J Kidney Dis. 2020;
75(6):897–907. doi:10.1053/j.ajkd.2019.09.012

50. Mathias SD, Bates MM, Pasta DJ, Cisternas MG, Feeny D, Patrick
DL. Use of the Health Utilities Index with stroke patients and
their caregivers. Stroke. 1997;28(10):1888–1894. doi:10.1161/
01.str.28.10.1888

Received: March 2, 2023 Accepted: June 18, 2023
Published Online Ahead of Print: June 26, 2023

KIDNEY360 4: 881–889, July, 2023 Health Utility Profiles after AKI, Kwong et al. 889

https://doi.org/10.1080/10705510701575396
https://doi.org/10.1164/rccm.202104-1063PP
https://doi.org/10.1164/rccm.202104-1063PP
https://doi.org/10.1186/s13054-019-2415-8
https://doi.org/10.1016/j.jcrc.2017.11.021
https://doi.org/10.1016/j.jcrc.2017.11.021
https://doi.org/10.1111/nep.12488
https://doi.org/10.1186/s13054-021-03510-y
https://doi.org/10.1186/s13054-021-03510-y
https://doi.org/10.1111/cdep.12163
https://doi.org/10.1111/cdep.12163
https://doi.org/10.1016/j.semnephrol.2020.02.001
https://doi.org/10.1016/j.semnephrol.2020.02.001
https://doi.org/10.1164/rccm.201807-1346OC
https://doi.org/10.1016/j.psyneuen.2021.105295
https://doi.org/10.1177/1099800413496454
https://doi.org/10.1681/ASN.2021111453
https://doi.org/10.1681/ASN.2021111453
https://doi.org/10.2215/CJN.00450112
https://doi.org/10.2215/CJN.00450112
https://doi.org/10.2215/CJN.01250119
https://doi.org/10.1053/j.ajkd.2019.09.012
https://doi.org/10.1161/01.str.28.10.1888
https://doi.org/10.1161/01.str.28.10.1888



