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Abstract

Rationale & Objective: The role of plasma soluble tumor necrosis factor receptor (STNFR)1
and sSTNFR2 in the prognosis of clinical events after hospitalization with or without acute kidney
injury (AKI) is unknown.

Study Design: Prospective cohort.

Setting & Participants: Hospital survivors from the Assessment, Serial Evaluation, and
Subsequent Sequelae of Acute Kidney Injury (ASSESS-AKI) and AKI Risk in Derby (ARID)
with and without AKI during the index hospitalization who had baseline serum samples for
biomarker measurements.

Predictors: We measured STNFR1 and STNFR2 obtained 3 months post-discharge. Outcomes:
The associations between biomarkers with longitudinal kidney disease incidence and progression,
heart failure and death were evaluated.

Analytical Approach: Cox proportional hazard models.

Results: Among 1474 participants with plasma biomarker measurements, 19% developed kidney
disease progression, 14% had later heart failure, and 21% died over a median follow-up of 4.4
years. For the kidney outcome, the adjusted HRs per doubling in concentration were 2.9 (2.2-3.9)
for STNFR1 and 1.9 (1.5-2.5) for STNFR2. AKI during the index hospitalization did not modify
the association between biomarkers and kidney events. For heart failure, the adjusted HRs per
doubling in concentration were 1.9 (1.4-2.5) for STNFR1 and 1.5 (1.2-2.0) for STNFR2. For
mortality, the adjusted HRs were 3.3 (2.5-4.3) for STNFR1 and 2.5 (2.0-3.1) for STNFR2. The
findings in ARID were qualitatively similar for the magnitude of association between biomarkers
and outcomes.

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cocacetal. Page 3

Limitations: Different biomarker platforms, AKI definitions, limited generalizability to other
ethnic groups.

Conclusion: Plasma sTNFR1 and STNFR2 measured 3 months after discharge were
independently associated with clinical events, regardless of AKI status during the index admission.
STNFR1 and sTNFR2 may assist with the risk stratification of patients during follow-up.

Plain language summary

Soluble tumor necrosis factor receptor 1 (STNFR1) and sSTNFR2 associate with kidney outcomes
in patients with chronic kidney disease with and without diabetes mellitus. However, their role

in the post-hospitalization stage is unknown. High STNFR1 and sSTNFR2 obtained 3 months after
discharge associate with kidney events, heart failure hospitalizations, and death among patients
who did and did not have acute kidney injury (AKI). Furthermore, STNFRs provide discriminative
value at the time of predicting kidney events. These findings were demonstrated in two large
independent prospective cohorts. STNFR1 and sTNFR2 may detect patients at risk of future
adverse events even when patients do not meet the clinical criteria for AKI or exhibit biochemical
abnormalities.

Introduction:

Prediction of kidney outcomes after an acute illness requiring hospitalization is a major
challenge in clinical practice. Acute kidney injury (AKI) is prevalent in the hospital

and has been recognized as a major contributor to the burden of chronic kidney disease
(CKD) in several studies.1 Yet, it is estimated that only 19% of those who survive

a hospitalization involving AKI receive appropriate follow-up within 12 months after
discharge.>~" Furthermore, both AKI and CKD independently and concomitantly increase
the risk for future cardiovascular complications and death, which intensifies with further
kidney function decline over time.8:9 These observations support the pursuit to identify
biomarkers and clinical strategies to identify patients at the greatest risk of kidney disease
progression.

Recently, the Acute Disease Quality Imitative (ADQI) Consensus conference proposed the
implementation of damage and functional biomarkers of AKI for prediction and staging of
CKD during post-AKI care.19 There is growing literature on the prognostic role of soluble
tumor necrosis factor receptors (STNFRs), particularly in kidney-related outcomes,11-16
Tumor necrosis factor alpha (TNF-a) signaling pathways play a major role in cellular

stress and inflammatory responses through soluble TNFR1 (sTNFR1) and soluble TNFR2
(sTNFR2).10-11 High sTNFR1 and sTNFR2 concentrations measured in the hospital have
been associated with protracted kidney recovery in critically ill patients within 7-60

days.1” However, previous studies have shown that complications associated with AKI

can extend beyond 60 days, in parallel to the debilitating effects of an acute hospital
admission.2=4 Moreover, depending on the etiology, up to 40% of the patients with AKI
during hospitalization do not recover kidney function to their previous baseline level.18:1
Although the transition to CKD or end-stage kidney disease (ESKD) is typically determined
by the 90-day mark, renal recovery has been documented beyond this time frame.20-24
Therefore, a number of patients could be left under-monitored and eventually suffer from the

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.
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burden of CKD and ESKD without the appropriate tools for assessing the varying risk of
future clinical events.23:25

The Assessment, Serial Evaluation, and Subsequent Sequelae of Acute Kidney Injury
(ASSESS-AKI) study collected blood and urine samples at each annual visit to examine
the added value of novel biomarkers in the risk-stratification of kidney and cardiovascular
outcomes.28 The AKI Risk in Derby (ARID) study was an independent prospective UK
study that also aimed to study long-term outcomes after AKI in a protocolized fashion.2”
While the value of measuring plasma sTNFR1 and sTNFR2 to identify patients at

risk of kidney function decline and death has been investigated in CKD and diabetes
mellitus, their role in the post-hospitalization setting and AKI has not been rigorously
evaluated.1415 We sought to further explore the association between plasma sTNFR1

and sTNFR2 concentrations post-discharge with long-term kidney-related outcomes, heart
failure hospitalizations, and mortality in ASSESS-AKI and ARID among patients who did
and did not have AKI. Furthermore, we aimed to assess whether measuring STNFR1 and
STNFR2 could add to the performance of clinical models.

METHODS

Cohort Descriptions

The primary analyses were conducted in the ASSESS-AKI study; a multicenter, prospective,
parallel, matched cohort study. A detailed description of the study design and methods

has been published elsewhere.28 Briefly, ASSESS-AKI included 1538 hospitalized adult
participants that developed AKI and matched individuals who did not have AKI and who
survived to complete an in-person visit at 3 months after discharge. Patients in the medical
and surgical floors, as well as in the intensive care units who met the study criteria were
enrolled. Participants were age =18 years and had pre-admission serum creatinine levels

that were obtained within 1 year of the index hospitalization in the outpatient setting or
non-emergency department visit. Detailed inclusion criteria have been described in the study
protocol.28 Exclusion criteria included the presence of acute glomerulonephritis, hepatorenal
syndrome, multiple myeloma, malignancy, urinary obstruction, severe heart failure, kidney
replacement therapy (dialysis, transplant) prior to hospitalization, pregnancy, or predicted
survival < 12 months.

AKI during the index hospitalization was defined as a relative increase of =50% or absolute
increase of 20.3 mg/dL in peak inpatient serum creatinine concentration above the baseline
creatinine. AKI stage was classified following the Acute Kidney Injury Network (AKIN)
guidelines. In parallel, a matched sample of 769 hospitalized adults without AKI were
enrolled at each participating site. Absence of AKI was defined as having both <20%
relative increase and <0.2 mg/dL absolute increase in peak inpatient serum creatinine
concentration compared to baseline. AKI patients were matched to non-AKI cases in

each individual research center by pre-admission CKD status/eGFR (estimated glomerular
filtration rate) by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation, demographics, and comorbidities.?8 Participants enrolled in this study had
study visits at 3 and 12 months after discharge, and annually thereafter, with interim phone
contacts at 6-month intervals.

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.
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The AKI Risk in Derby (ARID) study was an independent prospective cohort investigating
the association between AKI among hospitalized patients with long-term outcomes; similar
in design to ASSESS-AKI. ARID recruited two subgroups of patients who had been
hospitalized at the Royal Derby Hospital (UK) and who survived at least 90 days after
hospitalization. Individuals with and without AKI were identified through automated
screening of serum creatinine results.2? The presence of AKI was identified by Kidney
Disease Improving Global Outcomes (KDIGO) criteria. Urine output was not used due

to its inaccurate recording in a general hospitalized population. The etiology of AKI was
determined by chart review. Biochemistry results of participants in the non-exposed group
were reviewed to ensure that they had not sustained AKI during hospitalization. Participants
were followed in a protocolized fashion at 3 months, 12 months and 3 years.3® ARID
clinical endpoints at 3 years were used to compare biomarkers and the risk of CKD
incidence/progression, heart failure, and mortality among subgroups at each time point.27:30
Outcome data were available for participants with a median (IQR) follow-up period of 4.4
(2.5, 5.7) years in ASSESS-AKI by the time of analysis, while in ARID, all the participants
included in the analysis had outcome data collected after a 3-year follow-up. ARID used the
last serum creatinine available in records If a patient expired before the 3-year mark.

Demographic characteristics were recorded for each participant. To align covariates, we
collapsed race into 2 categories: ‘white” and ‘non-white’ and included baseline CKD status
(yes/no). All clinical variables were obtained from medical records. Biomarker quartiles
were defined within each cohort through different diagnostic assays. At baseline visit,
occurring within 90 days after discharge, serum creatinine was measured using an isotope
dilution mass spectrometry-traceable enzymatic assay (Roche Di-agnostics, Indianapolis,
IN), and a random spot urine protein-to-creatinine ratio using a turbidimetric method
(Roche) in ASSESS-AKI. Serum creatinine and urinary albumin were measured in ARID
via an enzymatic assay and an immunoturbidimetric assay (Tina-quant Albumin Generation
2), both on the Roche Cobas 702 module (Roche Diagnostics Limited, Burgess Hill, West
Sussex, UK), respectively. Urinary creatinine was measured by the Jaffe method.

Biomarker Measurements

Specific details on biomarker measurements in both ASSESS-AKI and ARID have been
described in Table S1.

Outcome Definitions

The outcomes for the analyses included kidney disease progression, heart failure
hospitalization, and death. Kidney disease incidence/progression was defined as a composite
of i) incident CKD (no evidence of pre-existing CKD at the index hospitalization and >25%
reduction in the eGFR from baseline; or reaching CKD 3 or worse during follow-up) or

i) progression of pre-existing CKD (characterized by eGFR <60 ml/min/1.73m? during
hospitalization and >50% reduction in the baseline eGFR; or progression to CKD 5)

or iii) development of ESKD on 3-month follow-up (hemodialysis or peritoneal dialysis
requirement at least once/week for >12 weeks, receiving a kidney transplant and/or death
while on dialysis). Heart failure hospitalization was identified by discharge codes and the

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.
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Framingham Heart Study criteria in ASSESS-AKI.31 In ARID, HF hospitalization was
defined by ICD10 discharge codes. Death was ascertained from proxy reports, medical
records, and death certificate data. In the primary analysis, ASSESS-AKI evaluated time
to clinical events within a median (IQR) follow-up of 4.4 (IQR 2.5, 5.7), whereas ARID
determined the outcomes of kidney disease progression and death at annual intervals. We
examined the binary outcomes of the composite of kidney disease progression and death
after 3 years of follow-up for each participant in ASSESS-AKI and ARID during the
secondary analysis (Figure S1).

Statistical analysis

RESULTS

Descriptive statistics for continuous variables were reported as mean (standard deviation) or
median [interquartile range (IQR)] when appropriate. Categorical variables were presented
as frequencies. Clinical and demographic differences were evaluated through the Kruskal-
Wallis test or Chi-square tests. The primary analysis consisted in the evaluation of clinical
outcomes including kidney disease progression, heart failure hospitalizations, and mortality
in ASSESS-AKI. We used Cox proportional hazard models that were adjusted for race,

sex, age, body mass index (BMI), smoking status, history of chronic obstructive pulmonary
disease (COPD), cardiovascular disease (CVD), AKI status (vs. no AKI), CKD status

(vs. no CKD), sepsis, 3-month eGFR, 3-month urine albumin creatinine ratio (UACR),
3-month c-reactive protein (CRP), and diabetes mellitus status. Hazard ratios (HR) and
95% confidence intervals (CI) from multivariable Cox models are reported. In addition in
the ASSESS-AKI cohort, we assessed the prognostic accuracy of STNFR1 and sTNFR2
when added to a clinical model comprised of eGFR, UACR, and C-reactive protein at 3
months, AKI at the index hospitalization, race/ethnicity, age, smoking, and COPD for the
discrimination of kidney events using the time dependent area under the curve (AUC).32 The
net reclassification improvement (NRI) was reported to quantify the proportion of patients
correctly reclassified when the biomarker was added to the clinical model.33

In the secondary analysis, we examined the binary outcomes of kidney disease progression,
heart failure hospitalizations and mortality through 3 years of follow-up among participants
in both ASSESS-AKI and ARID. Logistic regression models were also adjusted for the

key covariates described above. Two-tailed P values of less than 0.05 were considered

to indicate statistical significance. The analyses were conducted using SAS software,
version 9.4 (Cary, NC). This study was approved by the institutional review boards of the
participating institutions. Informed consent was obtained from all the participants enrolled in
ASESS-AKI and ARID.

Baseline characteristics of the participants in ASSESS-AKI

Of the 1538 participants in ASSESS-AKI, 1474 had plasma sTNFR1 and STNFR2 measures
(Figure S1). Among 1474 patients included in the analysis, the mean age was 65 + 13

years, 63% were male and 82% were white. Patients were followed for a median of 4.4
(IQR 2.5, 5.7) years. Clinical characteristics and major comorbidities by quartiles of plasma
STNFR1 and sTNFR2 are shown in Table 1 and Table S2-3, respectively. At baseline, older

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.
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age, AKI, and pre-hospitalization CKD were statistically associated with higher biomarker
concentrations (Table S4).

between plasma biomarkers and kidney events in ASSESS-AKI and biomarker

prognostic performance

Association

Association

Plasma sTNFR1 and sTNFR2 were moderately correlated with eGFR and weakly correlated
with CRP and UACR (Table S5). Among 1474 participants, 19% experienced kidney disease
progression, with 13% having incident CKD and 6% progression of pre-existing CKD
within a median of 4.4 years (IQR 2.5, 5.7). Fifty participants (3%) reached ESKD after
having incident CKD or progression of pre-existing CKD during study follow-up. Event
rates per 1000 patients-years are shown in Figure 1.

In adjusted models, plasma biomarkers measured 3 months after discharge were associated
with Kidney disease progression, independent of AKI status during the index hospitalization
and key covariates (Table 2 and Figure 2). The strength of association between kidney
disease progression and plasma biomarkers increased linearly. Participants in the highest
(41) quartile vs. the lowest (15t quartile of STNFR1 had nearly 5-fold increased risk of the
composite kidney endpoint (adjusted HR: 4.7, 95% CI: 2.6-8.6). Likewise, participants in
the 4™ (highest) quartile vs. the 15t (lowest) quartile of STNFR2 were at > 3-fold increased
risk of the kidney endpoint (aHR 3.3, 95% CI: 1.9-5.7). Although the absolute incidence

of kidney events was relatively higher in those that had AKI compared to those without it,
there was no evidence that AKI interacted with the association between biomarkers and the
kidney outcome (Table S6). Furthermore, each doubling in the concentration of STNFR1
and sTNFR2 was associated with a 11-18-fold higher incidence of ESKD (Table 2 and
Figure 2). The clinical model had a time-dependent AUC of 0.829 for the composite kidney
outcome. Addition of STNFR1 and STNFR2 resulted in time dependent AUCs of 0.844 and
0.838, respectively, when they were added to the clinical predictors. The NRI was 0.12 and
0.07 for STNFR1 and sTNFR2, respectively (Table 3).

between sTNFR1 and sTNFR2 and heart failure in ASSESS-AKI

Among 1474 participants, 14% were hospitalized for heart failure during follow-up. Both
STNFR1 and sTNFR2 measured at 3 months of the index hospitalization were statistically
and independently associated with heart failure hospitalization with aHR of 1.9 (95% CI:
1.4-2.5) and 1.5 (95% CI:1.2, 2) per doubling in STNFR1 and sSTNFR2, respectively, (Table
2 and Figure 2) after adjusting for confounders.

between plasma biomarkers and death in ASSESS-AKI

Overall, 21% of ASSESS-AKI participants died during follow-up, with an incidence of 45.4
(95% CI: 40.6-50.8) per 1000 person-years. Both biomarkers measured 3 months after the
index hospitalization were independently associated with all-cause mortality with aHR 3.28
(95% ClI: 2.5-4.2) per doubling for sSTNFR1 and an aHR 2.5 (95% CI: 1.9, 3.1) per doubling
for sSTNFR2 after adjustment for confounders. Also, increasing risk of death was seen within
higher biomarker quartiles (Table 2 and Figure 2). The association between biomarkers and
clinical events was preserved after treating death as a competing risk (Table S7).

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.
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Plasma biomarkers in the prognosis of kidney disease progression, heart failure and death
in the independent cohort: the ARID Study

ARID included 964 participants who were included in the secondary analysis (Figure S1).
This group was predominantly white (>90%) with mean age of 69 + 11 years and a

higher prevalence of CKD before hospitalization when compared to ASSESS-AKI (23.5%
vs. 12.5%). Comparisons of participants, baseline eGFR, clinical variables and biomarker
cutoffs between both cohorts are described in Tables S8-10. Incident outcome rates in ARID
and ASSESS-AKI are depicted in Figure S2. In ARID, 202 (21%) individuals developed

the end point of kidney disease incidence or progression at 3 years compared to 175 (12%)
participants in ASSESS-AKI. Participants had a 1.4-fold increased risk of the composite
kidney endpoint per each doubling in the concentration of STNFR1 (Figure S3). There was
no independent association between sTNFR2 and the kidney endpoint. In ARID, the strength
of associations for STNFR1 and sSTNFR2 with heart failure and mortality were smaller

in magnitude than those observed in ASSESS-AKI (Figure S3). AKI did not modify the
association between biomarkers and kidney events in ARID (Table S10)

Discussion

Plasma levels of STNFR1 and sSTNFR2 measured 3 months after an acute hospitalization
were independently associated with future progression of kidney disease. The strength of
the association of STNFR1 and sTNFR2 for all 3 outcomes were stronger in the US-based
cohort (ASSESS-AKI) compared with the UK-based cohort (ARID). A rather novel finding
was that these biomarkers were independently associated with heart failure in both cohorts,
which highlights the potential importance of TNF-a signaling pathways in chronic heart and
kidney disease. These biomarkers were also associated with death in ASSESS-AKI, which
replicated for STNFR2 in ARID. While the incidence of clinical events was higher in those
that had AKI during the index hospitalization, there was no evidence of effect modification
by AKI on the association between STNFRs and outcomes.

Prior studies have demonstrated both the severity and duration of AKI as well as the

degree of post-AKI proteinuria strongly associate with future kidney events.1:34.35.36

We demonstrated that sSTNFR1 and sSTNFR2 measured 3 months after hospitalization
independently associate with key long-term clinical kidney outcomes independently of
kidney function (eGFR) and injury (UACR) parameters, as demonstrated in ASSESS-AKI.
Furthermore, the association of STNFRs with incident and progressive CKD has been
demonstrated in diabetic kidney disease and CKD patients elsewhere.13-15.17 There was a
marked gradation in risk for those in the 4™ vs 15 quartiles of STNFR1 and sTNFR2 for the
development of kidney disease progression and ESKD. Our study adds to the evidence for
the predictive role of STNFRs after hospitalization and post-AKI outcomes, including recent
data showing the utility of a multivariable model containing STNFR1, STNFR2, cystatin C
and eGFR to discriminate those who have a significant worsening in kidney function in the
three years following AKI.16 Also, sSTNFRs were also strongly associated with outcomes

in patients that did not experience AKI during the index hospitalization in ASSESS-AKI,
raising the question of undetected “subclinical” AKI or CKD that was not captured by
creatinine criteria. This is important since subclinical, and milder forms of AKI may not

Am J Kidney Dis. Author manuscript; available in PMC 2024 February 01.
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be recognized by general practitioners.10 Alternatively, high concentrations of STNFRs
could reflect residual (chronic) inflammatory state from a recent hospitalization and acute
physiological stress. These relationships were qualitatively reproduced in ARID, comprised
of 995 participants admitted to the general wards, with a higher frequency of baseline CKD
compared to ASSESS-AKI (23.5% vs. 12.5%). Overall, the results for sSTNFR1 and kidney
outcomes seen in ARID were concordant to those obtained in ASSESS-AKI. While this
independent verification is important to externally validate our results, different biomarker
analytical platforms, sample size, follow-up period, and baseline CKD frequency could
explain in part the heterogenous findings between cohorts.

We found that higher biomarker concentrations after discharge were associated with
subsequent heart failure hospitalizations and mortality during the following 4.5 years,
independent of other key confounders. The associations were stronger in ASSESS-AKI
than in ARID. Serum TNFRs have been associated with adverse cardiovascular outcomes
including myocardial infarction and heart failure in patients with coronary heart disease
via complex cellular and molecular changes.37:38:39 Higher levels of these biomarkers have
been associated with increased infarct size, left ventricular dysfunction and accelerated
atherosclerosis. Therefore, these pathological changes can induce myocardial remodeling
and contribute to development of heart failure.3%:40 While higher STNFR levels in CKD
patients have been associated with the development of CVD,*! the relationship between
these biomarkers and heart failure admissions after AKI is less known.42:43

Overall, these findings may have direct application in post-hospitalization follow-up,
especially when most AKI patients are seen by primary care physicians rather than
nephrologists.2® Many patients, even those without ‘clinical’ kidney disease may have
unappreciated renal parenchymal disease predisposing them to new episodes of AKI or have
residual functional damage.19 Given the high discrimination for future kidney events with
either STNFR1 or sSTNFR2 and a small set of clinical variables, future studies could evaluate
whether using STNFR-enhanced risk assessment models could aid in triaging patients for
nephrology consultation or for improved clinical care overall in those at highest risk for
adverse kidney events. In this regard, measuring STNFRs may be particularly helpful in for
risk assessment in patients recovering from an acute illness who may have experienced loss
of muscle mass, which may falsely bias eGFR higher post-illness.44:45.46

Study strengths include its large, multicenter, prospective design, with carefully matched
participants, and broad inclusion criteria. The verification of some of the findings in an
independent prospective cohort may favor the generalizability of the results. We collected
data in a rigorous and structured manner and also systematically quantified post-AKI
biomarkers at a uniform point in time relative to hospital discharge. In addition, we
adjudicated clinical events after a long-term period of evaluation, which allows assessment
for insidious conditions such as CKD. Nonetheless, study participants were predominantly
white, high-risk individuals with prevalent comorbid conditions. In terms of limitations,
different assay platforms and AKI definitions (AKIN versus KDIGO) may limit the extent
of comparisons between cohorts. Also, it is unclear if these biomarkers could exhibit the
same high performance in a less sick population. Further, the assays used in ASSESS and
ARID were different, and thus, the biomarker concentration threshold at which the outcome
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risk is the highest could not be cross validated. Moreover, this study did not consider
additional factors such as recurrent AKI or incidental hospitalizations which could arguably
alter biomarker measurements and outcomes. Finally, the sample size of ARID was smaller
than ASSESS-AKI.

In conclusion, STNFR1 and sTNFR2 measured 3 months after hospital discharge were
independently associated with Kidney disease progression, heart failure and death, regardless
of AKI status in the index admission. There was a linear association between incremental
levels of these biomarkers and individual adverse outcomes. Evaluating post-discharge
plasma sTNFR1 and sSTNFR2 levels among hospital survivors, particularly in those who
experienced AKI, may help in the risk-stratification of patients before the development of
long-term kidney and cardiovascular sequelae.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Event rate of outcomes by quartiles of plasma sTNFR1 and sTNFR2 concentrations in
ASSESS-AKI

1474 ASSESS-AKI participants followed over a median follow-up of 4.4 (IQR 2.5, 5.7)
years. Event rates per 1000 patient-years are shown.
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Figure 2. Forest plot demonstrating the adjusted HRs and 95% Cls for sSTNFR1 and sSTNFR2 at
3 months with adverse clinical outcomes in ASSESS-AKI.

Outcomes in a median follow-up of 4.4 (IQR 2.5, 5.7) years. Hazard ratios were adjusted for
race, sex, age, BMI, smoking status, history COPD, CVD, AKI status (vs. no AKI), CKD
status (vs. no CKD), sepsis during hospitalization, 3-month eGFR, 3-month UACR, 3-month
CRP, and clinical site. Biomarkers were log-base 2 transformed.
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AKI
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