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ABSTRACT

Background. Hospitalized patients are at an increased risk of developing kidney disease after discharge, often despite
the absence of any clinical indicators during hospitalization. Soluble urokinase plasminogen activator receptor (suPAR) is
a marker of systemic chronic inflammation that can be measured from routine blood samples. We determined whether
elevated suPAR during hospitalization is associated with a decline in estimated glomerular filtration rate (eGFR) after
discharge.
Methods. This was a retrospective longitudinal cohort study of patients without detectable kidney disease presenting to
the emergency department on two separate occasions during a 3-year period. The association between suPAR and a
decline in eGFR was assessed by linear mixed models for repeated measures adjusting for age, sex, C-reactive protein,
sodium, diabetes, hypertension and cardiovascular disease.
Results. In total, 5124 patients (median age 65.9 years, 51.0% female) were included. The median suPAR was 2.9 ng/mL,
the median time to readmission was 144 days and the expected rate of eGFR decline over this period was
5.1 mL/min/1.73 m2/year. Adjusting for other risk factors, patients with suPAR <3, 3–6 or ≥6 ng/mL had an expected eGFR
decline of 4.3, 5.2 or 9.0 mL/min/1.73 m2/year, respectively. Similarly, patients with suPAR in the lowest (<2.4 ng/mL),
middle (2.4–3.6 ng/mL) or highest (≥3.6 ng/mL) tertile had an expected eGFR decline of 4.2, 4.6 or 6.5 mL/min/1.73

Received: 17.12.2021; Editorial decision: 9.2.2022

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1534

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfac048
https://orcid.org/0000-0002-7558-9257
https://orcid.org/0000-0002-7356-6481
https://orcid.org/0000-0002-0123-4007
https://orcid.org/0000-0003-3410-6068
https://orcid.org/0000-0001-6038-5027
https://orcid.org/0000-0001-6613-2469
https://orcid.org/0000-0002-2397-9974
https://orcid.org/0000-0002-8267-3027
https://orcid.org/0000-0002-2274-548X
https://orcid.org/0000-0002-4630-4275
https://orcid.org/0000-0003-4058-3012
mailto:esben.iversen@regionh.dk
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


suPAR and decline in eGFR 1535

m2/year, respectively. In both cases, a higher suPAR level was significantly and independently associated with a higher
rate of eGFR decline (P < .001).
Conclusions. A higher suPAR level was associated with accelerated eGFR decline among patients presenting to the
emergency department, suggesting that routine suPAR measurements may have utility for the early detection of kidney
disease.

GRAPHICAL ABSTRACT

Keywords: acute, emergency department, estimated glomerular filtration rate, kidney disease, soluble urokinase
plasminogen activator receptor

INTRODUCTION

Patients admitted to the hospital are at an increased risk of
developing kidney disease. An undetected decline in kidney
function after hospitalization can lead to adverse drug reac-
tions, which is a leading cause of readmission and disease
progression [1, 2]. The incidence of chronic kidney disease
(CKD) among the general population is approximately two
new diagnoses per 1000 people (0.2%) per year [3, 4], whereas
we have previously reported that as many as 2% of patients
presenting to the emergency department (ED) are diagnosed
with CKDwithin 2 years of discharge [5]. Despite the high rate of
post-discharge renal complications, there are often no clinical
indicators of kidney disease during hospitalization. Estimated
glomerular filtration rate (eGFR) is considered the standard for
assessing kidney function in the hospital, but eGFR alone is
a poor predictor of future kidney disease and an insensitive
marker of disease progression [6, 7]. A screening tool that
predicts future eGFR decline may help clinicians detect patients
at risk of developing renal complications.

Soluble urokinase plasminogen activator receptor (suPAR) is
a marker of systemic chronic inflammation that can be mea-
sured from routine blood samples [8]. Earlier studies showed an
association between suPAR and CKD [9] and more recent litera-
ture has focussed on the association between suPAR and acute
kidney injury (AKI) [10, 11]. The mechanisms of these associa-
tions are not completely understood butmay involve an indirect
inflammatory pathway [12] or direct damage to renal podocytes
[13] and tubules [10]. In either case, suPAR-related kidney dam-
age will manifest as a decrease in eGFR. Therefore we investi-
gated the association between suPAR and the change in eGFR
over time. If a higher suPAR level is associated with accelerated
eGFR decline, then it may offer a tool for quickly identifying pa-
tients at risk of developing renal complications after discharge.

MATERIALS AND METHODS

Study design and setting

This was a retrospective longitudinal cohort study performed
at Copenhagen University Hospital Amager and Hvidovre,
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Hvidovre, Denmark. This study was a subgroup analysis of
a previously described cohort of patients presenting to the
ED between November 2013 and March 2017 with suPAR and
creatinine measured from routine blood samples [5]. The
current study included all patients with two consecutive ED
admissions (‘index admission’ and ‘readmission’) during the
study period (>3 years). Exclusion criteria were: missing suPAR
measurement, missing creatinine measurement, prior diagno-
sis of kidney disease defined by International Classification of
Disease, Tenth Revision (ICD-10) codes (Supplementary data,
Table S1), baseline eGFR <60mL/min/1.73m2 and suspected AKI
defined as an increase in creatinine of 0.3mg/dL within 2 days of
admission or 1.5 times above baseline within 2 weeks of admis-
sion according to Kidney Disease: Improving Global Outcomes
criteria [14]. The decision to exclude patients with suspected
AKI was based on the assumption that rapid fluctuations in
eGFR may represent acute illness or dehydration without true
renal pathology [15]. In cases where a patient had multiple
pairs of consecutive ED admissions meeting study criteria, the
earliest pair was used for analysis. The study was approved by
the Danish Data Protection Agency (HVH-2014-018, 02767) and
the Danish Health and Medicines Authority 3-3013-1061/1).

Measurements

All measurements were recorded at index admission and crea-
tinine was recorded at both index admission and readmission.
Demographic information, including age and sex, was obtained
from the Civil Registration System.Disease status, including dia-
betes, hypertension and cardiovascular disease,was determined
by ICD-10 diagnosis codes (Supplementary data, Table S2) from
the Danish National Patient Registry dating back to 1977 [16].
Blood samples were collected upon admission to the AcuteMed-
ical Unit and a standard panel of markers including creatinine,
suPAR,C-reactive protein (CRP) and sodiumwasmeasured at the
Department of Clinical Biochemistry using standardized assays
according to the manufacturers’ instructions (Supplementary
data, Table S3).

Exposures and outcomes

The primary explanatory variable was suPAR level in prede-
fined categories of <3, 3–6 and ≥6 ng/mL, which have previously
been associated with clinical outcomes [17–19]. Secondary ex-
planatory variables were age, sex, CRP, sodium, diabetes, hyper-
tension and cardiovascular disease. The primary endpoint was
eGFR change from index admission to readmission. At both time
points, eGFR was calculated using the creatinine-based Chronic
Kidney Disease Epidemiology Collaboration formula [20].

Statistics

Patient characteristics are presented with basic statistics: me-
dian with interquartile range (IQR) for continuous variables and
number with percent of patients for discrete variables. Differ-
ences between patients with and without readmission were as-
sessed by Wilcoxon rank sum test for continuous variables and
chi-squared test for discrete variables. Differences between pa-
tients with different suPAR levels at index admission were as-
sessed by one-way analysis of variance for continuous variables
and chi-squared test for discrete variables. A graphical represen-
tation of the change in eGFR over time by suPAR level was gener-
ated using a B-spline non-parametric quantile regression, con-
strained by fixing the initial eGFR change to zero. The expected

eGFR decline was assessed by a series of linear mixed-effects
models for repeated measures, with random effects for indi-
vidual patients (Supplementary data, Table S4). A ‘basic’ model
including time to readmission as the only independent vari-
able was used to determine the expected eGFR decline for the
study population. Subsequently, an ‘unadjusted’ model includ-
ing the suPAR level was used to determine the expected eGFR
decline within each suPAR level. Finally, an ‘adjusted’ model in-
cluding all secondary explanatory variables was used to deter-
mine the expected eGFR decline within each suPAR level inde-
pendent of these potential confounders. In the adjusted model,
the expected eGFR decline in the lowest suPAR level is reported
for a ‘healthy’ patient with the following values: male, age 50
years, CRP 1 ng/mL, sodium 140 mEq/L and no comorbidities.
Sensitivity analysis defining suPAR levels as tertiles within the
study population (rather than predefined categories) was also
performed. Due to variance heterogeneity and deviation from
normality of the model residuals, the data were bootstrapped
with 10 000 iterations to generate 95% confidence intervals (CIs)
and P-values (P < .05 was considered statistically significant). All
statistical analyses was performed in R version 3.6.0 (R Foun-
dation for Statistical Computing, Vienna, Austria) [21]; the lme4
package was used for generation of linear mixed-effects mod-
els, the pbkr test package was used for bootstrapping and the
ggplot2 package was used for generation of some figures.

RESULTS

Study population

In total, 29 265 unique patients presented to the ED dur-
ing the study period. Of these, 8252 patients had at least
one readmission during the study period and 5124 patients
had at least one pair of admissions meeting study criteria
(Supplementary data, Figure S1). Compared with patients with-
out readmission, patients with readmission had lower median
eGFR, higher median age, suPAR and CRP and higher prevalence
of chronic diseases (all P < .001) (Supplementary data, Table
S4). Among patients meeting the study criteria (N = 5124), the
median age was 65.9 years, 51.0% were female, median eGFR
was 88.0 mL/min/1.73 m2, median CRP was 6.0 mg/L and me-
dian suPAR was 2.9 ng/mL at baseline (Table 1). The preva-
lence of chronic diseases was 15.5% for diabetes, 34.8% for hy-
pertension and 29.9% for cardiovascular disease. The median
length of stay was 0.9 days and median time to readmission
was 144 days. A higher suPAR level was significantly associ-
ated with older age and higher CRP and prevalence of chronic
diseases (all P < .001). A higher suPAR level was also signif-
icantly associated with a longer length of stay and shorter
time to readmission (both P < .001). Among patients with su-
PAR ≥6 ng/mL (n = 441), the median age was 71.4 years, median
eGFR was 80.9 mL/min/1.73 m2, median CRP was 31 mg/L, me-
dian length of staywas 2.6 days andmedian time to readmission
was 84 days.

Association between suPAR level and decline in eGFR

The expected rate of eGFR decline in the study cohort was 5.1
mL/min/1.73 m2/year (95% CI 4.7–5.5) (Supplementary data, Fig-
ure S2). A higher suPAR level at index admission was associated
with lower baseline eGFR (Supplementary data, Figure S3) and a
higher rate of eGFR decline (Figure 1). The expected rate of eGFR
decline for patients with suPAR <3 ng/mL was 4.4 mL/min/1.73
m2/year (95% CI 3.9–5.0). Patients with suPAR 3–6 ng/mL had
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Table 1. Patient characteristics at index admission according to suPAR level

Characterisitcs
All patients
(N = 5124)

suPAR <3 ng/mL
[n = 2738 (53.4%)]

suPAR 3–6 ng/mL
[n = 1945 (38.0%)]

suPAR ≥6 ng/mL
[n = 441 (8.6%)]

Demographics
Female, n (%) 2612 (51.0) 1365 (49.9) 1031 (53.0) 216 (49.0)
Age (years), median (IQR) 65.9 (50.5–76.9) 59.1 (44.4–72.0) 71.1 (58.6–80.4) 71.4 (60.5–81.7)

Biomarkers
suPAR (ng/mL), median (IQR) 2.9 (2.2–4.1) 2.2 (1.8–2.6) 3.9 (3.4–4.6) 7.6 (6.7–9.6)
eGFR (mL/min/1.73 m2), median (IQR) 88.0 (75.3–102) 92.2 (80.0–106) 83.1 (71.3–96.8) 80.9 (68.9–97.1)
CRP (mg/L), median (IQR) 6.0 (2.0–28) 3.0 (1.0–10) 11 (3.0–49) 31 (7.0–81)
Sodium (mEq/L), median (IQR) 139 (136–141) 139 (137–141) 138 (135–140) 136 (132–139)

Chronic disease status, n (%)
Diabetes 796 (15.5) 326 (11.9) 381 (19.6) 89 (20.2)
Hypertension 1782 (34.8) 804 (29.4) 792 (40.7) 186 (42.2)
Cardiovascular disease 1533 (29.9) 726 (26.5) 657 (33.8) 150 (34.0)

Outcomes
Length of stay (days), median (IQR) 0.9 (0.4–3.9) 0.7 (0.3–2.1) 1.4 (0.5–5.1) 2.6 (0.8–7.8)
Time to readmission (days), median (IQR) 144 (35–378) 170 (41–417) 128 (32–338) 84 (23–262)
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FIGURE 1: Change in eGFR according to suPAR level. Non-parametric quantile regression of change in eGFR over time according to suPAR level at index admission.

an additional eGFR decline of 1.4 mL/min/1.73 m2/year (95% CI
0.5–2.3; P = .002), and those with suPAR ≥6 ng/mL had an addi-
tional eGFR decline of 5.4 mL/min/1.73 m2/year (95% CI 3.5–7.2;
P < .001). Adjusting for potential confounders, the expected rate
of eGFR decline for a ‘healthy’ patient with suPAR <3 ng/mL was
4.3 mL/min/1.73 m2/year (95% CI 3.5–5.0). Patients with suPAR
3–6 ng/mL had an additional eGFR decline of 1.0 mL/min/1.73
m2/year (95% CI 0.1–1.9; P = .03), and those with suPAR ≥6 ng/mL
had an additional eGFR decline of 4.7 mL/min/1.73 m2/year
(95% CI 2.9–6.6; P < .001). Overall, a higher suPAR level was
significantly associated with a higher rate of eGFR decline
(P < .001).

Sensitivity analysis based on suPAR tertiles

Defining suPAR levels as tertiles, the expected rate of eGFR de-
cline for patients with suPAR in the lowest tertile (<2.4 ng/mL)
was 4.2 mL/min/1.73 m2/year (95% CI 3.5–4.9). Patients with
suPAR in the middle tertile (2.4–3.6 ng/mL) or highest tertile
(≥3.6 ng/mL) had an additional eGFR decline of 0.8 mL/min/1.73
m2year (95% CI –0.2–1.7; P = .11) or 2.9 mL/min/1.73 m2year
(95% CI 1.8–3.9; P < .001), respectively. Adjusting for potential
confounders, the expected rate of eGFR decline for a ‘healthy’
patient with suPAR in the lowest tertile was 4.2 mL/min/1.73
m2/year (95%CI 3.4–5.0) and patientswith suPAR in themiddle or
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FIGURE 2: Impact of age and sex on suPAR-related eGFR decline. Graphical representation of combined model estimates for age, sex and suPAR level.

highest tertile had an additional eGFR decline of 0.4mL/min/1.73
m2/year (95% CI –0.5–1.4; P = .39) or 2.3 mL/min/1.73 m2/year
(95% CI 1.2–3.4; P < .001), respectively. Overall, a higher suPAR
tertile was significantly associated with a higher rate of eGFR
decline (P < .001).

Association between age, sex and decline in eGFR

Male sex and older age were also associated with a higher rate
of eGFR decline (Figure 2), although these associations were not
significant. Each increase in age of 1 year corresponded to an ad-
ditional eGFR decline of 0.02 mL/min/1.73 m2/year (95% CI 0.00–
0.05; P = .07) and males compared with females had an addi-
tional eGFR decline of 0.75 mL/min/1.73 m2/year (95% CI –0.04–
1.54; P = 1.0) (Supplementary data, Table S5).

DISCUSSION

Summary of findings

In a cohort of 5124 patients presenting to the ED without de-
tectable kidney disease, the expected rate of eGFR decline from
index admission to readmission was 5.1 mL/min/1.73 m2/year
and a higher suPAR level was significantly associatedwith an ac-
celerated eGFR decline after discharge. This association was in-
dependent of baseline eGFR, age, sex, CRP, sodium, diabetes, hy-
pertension and cardiovascular disease. Adjusting for these fac-
tors, patients with suPAR <3, 3–6 or ≥6 ng/mL had an expected
eGFR decline of 4.3, 5.2 or 9.0 mL/min/1.73 m2/year, respectively.
Defining suPAR levels as tertiles, patients with suPAR <2.4, 2.4–
3.6 or ≥3.6 ng/mL had an expected eGFR decline of 4.2, 4.6 or
6.5 mL/min/1.73 m2/year, respectively.

Comparison to other studies

Normal eGFR decline in healthy adults is reported at 0.5–
1.0 mL/min/1.73 m2/year [22, 23]. We observed an expected
eGFR decline of 5.1 mL/min/1.73 m2/year, which is higher than
in healthy adults and likely reflects the generally older and
sicker patient population within the ED. We found that older
age was associated with a slightly higher rate of eGFR decline,
consistent with functional changes known to occur with age-
ing [24, 25]. Age-related eGFR decline is also affected by co-
morbidities such as diabetes and hypertension [26]. In a co-
hort of patients with type 1 diabetes but otherwise normal
kidney function, de Boer et al. [27] reported an eGFR decline
of 1.27–1.56 mL/min/1.73 m2/year. The expected eGFR decline
for a ‘healthy’ patient in our cohort is still higher than ex-
pected based on these risk factors alone and may be due
to selection for patients with readmission during the study
period.

Compared with ‘healthy’ patients, we observed that pa-
tients with suPAR ≥6 ng/mL had an additional expected
eGFR decline of 4.7 mL/min/1.73 m2/year. This is similar to
previous findings by Hayek et al. [9] among patients under-
going cardiac catheterization. In that study, participants with
suPAR <2.4 ng/mL had an eGFR decline of 0.9 mL/min/1.73
m2/year, whereas those with suPAR >4 ng/mL had an eGFR
decline of 4.2 mL/min/1.73 m2/year. The authors note that
suPAR-related eGFR decline was lower in patients with
eGFR <60 mL/min/1.73 m2. Therefore the higher rate of
eGFR decline observed in our cohort can be partly explained
by the exclusion of patients with eGFR <60 mL/min/1.73 m2.
Discrepancies between studies may also be related to the use of
different suPAR levels.
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Potential molecular mechanisms

We recently reported in the full patient population for this co-
hort (n = 29 265) that elevated suPAR at ED admission was asso-
ciated with future kidney disease diagnosis [5]. The mechanism
of this association was not explored, but we hypothesize that
eGFR decline mediates the association. In the short term, rapid
lowering of eGFR may lead to renal complications such as AKI
or adverse drug reactions. In the long term, declining eGFR may
represent chronic damage to renal podocytes. It remains unclear
whether suPAR is responsible for this decline or simply an indi-
cator of another underlying disease process, such as systemic
chronic inflammation.

Furman et al. [28] described mechanisms involved in sys-
temic chronic inflammation and suggested that this inflamma-
tion may be responsible for chronic disease processes such as
cardiovascular disease, autoimmune disorders, cancer and kid-
ney disease. There is promising evidence to support the role of
suPAR as a mediator or by-product of systemic chronic inflam-
mation, which would help explain its associations with a wide
range of chronic diseases [29]. Alternatively, Hayek et al. [13] pro-
posed that suPAR may contribute directly to kidney damage. In
a mouse model, they showed that suPAR leads to proteinuria by
activating β3-integrin on renal podocytes. This mechanism was
also observed in renal tissues of human patients with primary
nephrotic syndromes [30]. In a separate mouse model, Hayek et
al. [14] demonstrated that elevated suPAR sensitizes mouse kid-
neys to contrast-induced nephropathy by increasing enzymatic
oxidation within renal tubular cells, but that this effect could
be attenuated by pretreatment with an anti-uPAR antibody. This
finding was replicated in cell cultures obtained from human pa-
tients with focal segmental glomerular sclerosis [31]. Together,
these findings provide direct, though separate, mechanisms for
suPAR in both chronic and acute kidney disease.

Clinical applications

Regardless of its precise molecular mechanisms, we believe that
routine suPAR measurements may have utility in the early de-
tection of kidney disease. The ED offers a unique opportunity
for this because nearly all patients admitted to a medical floor
will come from the ED, whereas fewer than half of patients pre-
senting to the ED are ultimately admitted [32, 33]. Given the
significant association between suPAR and eGFR decline suPAR
should be considered in predictive models for kidney disease.
For example, Zacharias et al. [34] recently developed a predic-
tive model based on six routine biomarkers and demonstrated
its high predictive performance among a large cohort of pa-
tients with CKD. Among our cohort, we found that patients
with suPAR ≥6 ng/mL at index admission (8.6% of patients) had
a particularly high rate of eGFR decline, but risk stratification
models are needed to determine the most appropriate suPAR
cutoff values. Potential interventions for high-risk patients in-
clude closer monitoring of kidney function, medication review
to identify and discontinue nephrotoxic medications [35] or pre-
ventive treatments to slow disease progression [36, 37]. If suPAR
is directly involved in the pathogenesis of kidney disease, then
interventions to decrease suPAR levels may also have a thera-
peutic benefit.

Limitations

This study has several limitations. First, to identify patients with
two separate creatininemeasurements, the study cohort was se-

lected for patients with readmission during the study period.
These patients were sicker at baseline than patients without
readmission and therefore are not entirely representative of a
typical patient in the ED. There was also high variability in time
to readmission among the study cohort and the data does not
include admissions to other hospitals. Ideally the study would
have included all patients presenting to the ED with eGFR mea-
sured at a fixed time point after discharge. Second, calculating a
change in eGFR between index admission and readmission as-
sumes a steady state during each admission, but eGFR is sus-
ceptible to fluctuations in the ED [38].We excluded patients with
AKI and adjusted for volume status in our analysis, but it is not
possible to fully account for eGFR fluctuations. This simply em-
phasizes the drawback of relying on eGFR in an acute setting
and our findings should be validated using measured GFR. Fi-
nally, our analysis did not account for smoking status, which is
known to affect suPAR concentration [39], or proteinuria, which
is a risk factor for kidney disease independent of eGFR [40]. Sim-
ilar studies have shown significant associations between su-
PAR and kidney-related outcomes independent of these factors
[9, 41], but they should be considered in future studies.

CONCLUSIONS

In this retrospective longitudinal cohort study of hospitalized
patients without detectable kidney disease, a higher suPAR level
was significantly and independently associatedwith accelerated
eGFR decline after discharge. These findings suggest that suPAR
may have utility for the early detection of kidney disease.

SUPPLEMENTARY DATA
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