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Relatively high plasma levels of soluble urokinase-type plasminogen activator receptor (suPAR) have been associated with focal segmental glomerulosclerosis and
poor clinical outcomes in patients with various conditions. It is unknown whether
elevated suPAR levels in patients with normal kidney function are associated with
future decline in the estimated glomerular filtration rate (eGFR) and with incident
chronic kidney disease.
METHODS

We measured plasma suPAR levels in 3683 persons enrolled in the Emory Cardiovascular Biobank (mean age, 63 years; 65% men; median suPAR level, 3040 pg per
milliliter) and determined renal function at enrollment and at subsequent visits in
2292 persons. The relationship between suPAR levels and the eGFR at baseline,
the change in the eGFR over time, and the development of chronic kidney disease
(eGFR <60 ml per minute per 1.73 m2 of body-surface area) were analyzed with
the use of linear mixed models and Cox regression after adjustment for demographic and clinical variables.
RESULTS

A higher suPAR level at baseline was associated with a greater decline in the eGFR
during follow-up; the annual change in the eGFR was −0.9 ml per minute per 1.73 m2
among participants in the lowest quartile of suPAR levels as compared with −4.2 ml
per minute per 1.73 m2 among participants in the highest quartile (P<0.001). The
921 participants with a normal eGFR (≥90 ml per minute per 1.73 m2) at baseline
had the largest suPAR-related decline in the eGFR. In 1335 participants with a
baseline eGFR of at least 60 ml per minute per 1.73 m2, the risk of progression to
chronic kidney disease in the highest quartile of suPAR levels was 3.13 times as
high (95% confidence interval, 2.11 to 4.65) as that in the lowest quartile.
CONCLUSIONS

An elevated level of suPAR was independently associated with incident chronic
kidney disease and an accelerated decline in the eGFR in the groups studied.
(Funded by the Abraham J. and Phyllis Katz Foundation and others.)
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C

hronic kidney disease and progressive loss of kidney function constitute a
major public health problem affecting 11%
of the U.S. population.1 Patients with chronic
kidney disease are at high risk for cardiovascular
disease and death.2 It is thus important to identify patients at high risk for chronic kidney disease and to treat underlying disease processes
that drive kidney injury.3 In clinical practice,
methods of screening for kidney disease are
limited to measurement of urinary protein excretion and calculation of the estimated glomerular filtration rate (eGFR). Proteinuria and a
decline in the eGFR are relatively insensitive indexes of early injury and have limited usefulness
in mass screening for chronic kidney disease.3-5
Hence, more sensitive biomarkers are required
to identify at-risk patients earlier in the disease
process in order to develop and study interventions aimed at preventing the progression to
chronic kidney disease.
Soluble urokinase-type plasminogen activator
receptor (suPAR) is the circulating form of
a glycosyl-phosphatidylinositol–anchored threedomain membrane protein that is expressed on
a variety of cells, including immunologically
active cells, endothelial cells, and podocytes.6-8
Both the circulating and membrane-bound forms
are directly involved in the regulation of cell
adhesion and migration through binding of
integrins.6 The circulating form is produced by
cleavage of membrane-bound urokinase-type
plasminogen activator receptor and is readily
detected in plasma, serum, urine, and other
bodily fluids.9-11 Elevated suPAR levels have
been associated with poor outcomes in various
patient populations.12-20 In addition, suPAR has
been implicated in the pathogenesis of kidney
disease, specifically focal segmental glomerulosclerosis and diabetic nephropathy, through
interference with podocyte migration and
apoptosis.7,13,21,22 Although these findings are
still under investigation,23 they suggest a possible broader role of suPAR in kidney disease.
Therefore, in a large, prospective cohort study
involving patients with cardiovascular disease,
we tested the hypothesis that plasma suPAR
levels are associated with new-onset chronic
kidney disease.
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Me thods
Study Population

Study participants were recruited from the Emory
Cardiovascular Biobank, a prospective registry of
patients undergoing cardiac catheterization at
three Emory Healthcare sites in Atlanta between
2003 and 2009.20 Patients were excluded if they
had congenital heart disease, severe valvular
heart disease, severe anemia, a recent blood
transfusion, myocarditis, or a history of active
inflammatory disease or cancer. Persons 20 to
90 years of age were interviewed and data were
collected on demographic characteristics, medical history, medication use, and behavioral habits. The prevalence of risk factors for cardiovascular disease and kidney disease was determined
by the examining physician. Medical records
were reviewed to confirm self-reported medical
history.
Study Design

We examined the relationship between baseline
suPAR levels and kidney function (as determined
by the eGFR and semiquantitative assessment of
urinary protein excretion) in 3683 people. To
investigate the association between suPAR levels
and the change in the eGFR during follow-up, at
least one post-baseline measurement of the
eGFR (median, seven measurements) was obtained in 2292 participants (62%) during a median follow-up period of 1337 days. In addition,
the relationship between suPAR levels and incident chronic kidney disease, defined as an eGFR
of less than 60 ml per minute per 1.73 m2 of
body-surface area beyond 30 days, was determined in 1335 persons who had a baseline eGFR
of at least 60 ml per minute per 1.73 m2 (Fig. S1
in the Supplementary Appendix, available with
the full text of this article at NEJM.org).24
Sample Collection and Measurement of suPAR
and High-Sensitivity C-Reactive Protein

Fasting arterial blood samples were obtained,
and serum and plasma were stored at −80°C for
a mean duration of 4.9 years. Serum concentrations of high-sensitivity C-reactive protein (CRP)
were determined with the use of a particle-
enhanced immunoturbidimetry assay (FirstMark,
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a division of GenWay Biotech) that has a lower
limit of detection of 0.03 mg per liter.25 Plasma
levels of suPAR were measured with the suPARnostic kit (ViroGates), which has a lower limit of
detection of 100 pg per milliliter; according to
the manufacturer, the intra-assay variation is
2.75% and the interassay variation is 9.17%.
Measures of Kidney Function

Serum creatinine measurements at enrollment
and all subsequent measurements obtained during routine follow-up clinic visits or hospitalizations within the Emory Healthcare system were
recorded. The eGFR was calculated by means of
the Chronic Kidney Disease Epidemiology Collaboration equation.26 Semiquantitative measurements of protein excretion in random urine
samples by dipstick testing were available for
2292 participants: in the case of 1477 participants, measurements were obtained at the time
of enrollment; an additional 815 participants
with subsequent dipstick tests showing trace or
no proteinuria were assumed to have had trace
or no proteinuria at enrollment.
Study Oversight

The study was approved by the institutional review board at Emory University. All the participants provided written informed consent at the
time of enrollment. The suPAR sample kits were
donated by ViroGates. High-sensitivity CRP sample measurements were conducted by FirstMark,
a division of GenWay Biotech. Neither ViroGates
nor FirstMark had any role in data analysis or
manuscript preparation.
Statistical Analysis

Continuous variables are presented as means
and standard deviations or as medians and interquartile ranges, and categorical variables are
presented as proportions. We used independentsample t-tests to compare continuous variables
and chi-square tests to compare categorical variables. Proteinuria status was dichotomized as no
proteinuria (in 2188 participants), defined by
negative or trace results for protein on urine dipstick testing, or proteinuria (in 104 participants),
defined by a result of 1+ or higher for protein.
All eGFR values of more than 120 ml per minute
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per 1.73 m2 (<1% of measurements) were set at
120 ml per minute per 1.73 m2. Both suPAR and
eGFR values were logarithmically transformed
on a natural log scale before analyses. All multivariable analyses were adjusted for age, sex, race
(blacks vs. others), body-mass index, proteinuria
(1+ or higher vs. negative or trace result for protein), high-sensitivity CRP level, use or nonuse of
renin–angiotensin system inhibitors, and presence
or absence of diabetes, hypertension, hyperlipidemia, coronary artery disease, a history of smoking, and a history of myocardial infarction.
The association between baseline suPAR levels
and the change in the eGFR over time was investigated in 2292 participants who had follow-up
eGFR measurements. We used linear mixed-effects
modeling with a random participant-specific
intercept and a random time effect, by regressing
log(eGFR) against log(suPAR), follow-up time
(years since baseline), log(suPAR) × time, and
baseline eGFR, in addition to the aforementioned covariates. Three-way interaction terms
were incorporated into the model to determine
whether eGFR, race, and the presence or absence
of diabetes modified the association between
suPAR levels and the change in the eGFR. The
estimated decline in the eGFR in each subgroup
was derived accordingly.
Among the 1335 participants who had an
eGFR of more than 60 ml per minute per 1.73 m2
at baseline, we evaluated the rate of progression
to clinical chronic kidney disease (eGFR <60 ml
per minute per 1.73 m2) according to quartiles
of suPAR levels, using the log-rank test and a
Cox proportional-hazards model with adjustment
for the aforementioned covariates. In addition,
we calculated the C-statistic and category-free
net reclassification improvement for risk discrimination.27
To validate our results, we repeated the
analysis after randomly dividing the entire study
sample into two groups; in addition, we performed the analysis in a subgroup of 347 patients enrolled in the Women’s Interagency HIV
Study (WIHS) (see the Supplementary Appendix).28,29 Two-tailed P values of less than 0.05
were considered to indicate statistical significance. All analyses were performed with the use
of SAS software, version 9.3 (SAS Institute).
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Table 1. Demographic and Clinical Characteristics of the Emory Cardiovascular Biobank Cohort.*

Characteristic
Age — yr
Male sex — no. (%)
Black race — no. (%)‡
Body-mass index§

Entire Cohort
(N = 3683)

suPAR
<3040 pg/ml
(N = 1839)

suPAR
≥3040 pg/ml
(N = 1844)

P Value†

63±12

60±11

65±12

<0.001

2404 (65)

1324 (72)

1080 (59)

<0.001

654 (18)

334 (18)

320 (17)

0.55

30±6

29±6

30±7

0.07

Clinical characteristics
History of smoking — no./total no. (%)

2063/3556 (58)

968/1722 (56)

1095/1784 (61)

<0.001

Hypertension — no./total no. (%)

2601/3628 (72)

1220/1816 (67)

1381/1812 (76)

<0.001

Diabetes mellitus — no./total no. (%)

1168/3650 (32)

423/1825 (23)

745/1825 (41)

<0.001

Hyperlipidemia — no./total no. (%)

2494/3627 (69)

1220/1816 (67)

1274/1811 (70)

0.06

History of myocardial infarction — no./total no. (%)

1296/3622 (36)

568/1805 (31)

728/1817 (40)

<0.001

Coronary artery disease — no./total no. (%)¶

2279/3442 (66)

1092/1731 (63)

1187/1711 (69)

<0.001

Renin–angiotensin system antagonists — no./total no. (%)

2046/3251 (63)

998/1613 (62)

1048/1638 (64)

0.09

137/1477 (9)

  32/679 (5)

  105/798 (13)

<0.001

73±23

81±18

64±24

<0.001

High-sensitivity CRP — ng/ml

6.85±12.86

  5.23±10.83

8.46±14.42

<0.001

suPAR — pg/ml

3493±1938

2330±452

4654±2145

<0.001

Urine dipstick result ≥1+ for protein — no./total no. (%)
eGFR — ml/min/1.73 m2 of body-surface area

*	Plus–minus values are means ±SD. CRP denotes C-reactive protein, eGFR estimated glomerular filtration rate, and suPAR soluble urokinasetype plasminogen activator receptor.
†	The P value is for the comparison between patients with a suPAR level of at least 3040 pg per milliliter and those with a level of less than
3040 pg per milliliter.
‡	Race was self-reported.
§	The body-mass index is the weight in kilograms divided by the square of the height in meters.
¶	Coronary artery disease was defined as the presence of an obstructive lesion (≥50% stenosis of the artery diameter) in any of the major vessels
on a coronary angiogram.

R e sult s
Baseline Characteristics of the Emory
Cardiovascular Biobank Cohort

Demographic and clinical characteristics of the
total cohort and of the cohort dichotomized according to median suPAR level (3040 pg per
milliliter [interquartile range, 2373 to 4019]) are
shown in Table 1. Elevated plasma suPAR levels
at baseline were independently associated with
female sex, a history of smoking, hypertension,
diabetes mellitus, proteinuria, hyperlipidemia, a
history of myocardial infarction, high-sensitivity
CRP levels, and eGFR (Table S1 in the Supplementary Appendix).
Relationship between eGFR, Proteinuria, and
suPAR Levels at Baseline

A lower eGFR at baseline was independently
associated with increasing age, male sex, black
n engl j med 373;20

race, higher body-mass index, a history of smoking, hypertension, proteinuria, nonuse of renin–
angiotensin system inhibitors, and elevated
suPAR levels (Table S1 and Fig. S2 in the Supplementary Appendix). The correlation between
suPAR levels and the eGFR varied according to
the baseline eGFR (P<0.001 for interaction) and
was weak among participants with an eGFR of
at least 90 ml per minute per 1.73 m2 (r = −0.07,
P = 0.04) (Fig. S2C and S2D in the Supplementary
Appendix). More than 30% of the participants
with an eGFR of at least 90 ml per minute per
1.73 m2 had a suPAR level of 3040 pg per milliliter or higher (Fig. S2B in the Supplementary
Appendix).
In addition, we found a positive correlation
between proteinuria and suPAR levels (r = 0.22,
P<0.001) that was independent of the eGFR (Fig.
S3 in the Supplementary Appendix). More than
half the participants without proteinuria (52%)

nejm.org

November 12, 2015

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on December 7, 2015. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.

1919

The

n e w e ng l a n d j o u r na l

Change in eGFR from Baseline (%)

0

−10

−20

−30

Quartile of suPAR Level
Q1: <2373 pg/ml (N=515)
Q2: 2373−3039 pg/ml (N=577)
Q3: 3040−4020 pg/ml (N=601)
Q4: >4020 pg/ml (N=599)

−40

1

2

3

4

5

6

7

8

9

10

Years since Baseline

Figure 1. Levels of suPAR and Decline in the eGFR.
Shown are data from a statistical model examining the percent change in
the estimated glomerular filtration rate (eGFR) over time in 2292 persons,
with data stratified according to quartile (Q1 through Q4) of the soluble
urokinase-type plasminogen activator receptor (suPAR) level at baseline.
The annual change in the eGFR was −0.9 ml per minute per 1.73 m2 in Q1
as compared with −4.2 ml per minute per 1.73 m2 in Q4 (P<0.001). Q4 had
a significantly higher rate of decline than both Q1 and Q2 (P<0.001 for both
comparisons); Q3 also had a significantly higher rate of decline than both
Q1 and Q2 (P<0.001 for both comparisons). There was not a significant
difference in the rate of decline between Q1 and Q2 (P = 0.91) or between
Q3 and Q4 (P = 0.08).

had suPAR levels of 3040 pg per milliliter or
higher (Fig. S3B in the Supplementary Appendix).
Relationship between suPAR Levels
and Change in eGFR during Follow-up

We determined the relationship between the
plasma suPAR level at baseline and the change
in the eGFR among 2292 participants (62%) who
had follow-up eGFR measurements. The decline
in the eGFR was greater in persons with higher
baseline suPAR levels (Fig. 1, and Table S2 in the
Supplementary Appendix). Participants in the
two higher quartiles of suPAR levels (≥3040 pg
per milliliter) had a significantly greater decline
in the eGFR than did those in the two lower
quartiles (<3040 pg per milliliter) after multivariable adjustment (Fig. 1). Over a period of 5
years, the decline in the eGFR was 7.3% (95%
confidence interval [CI], 5.0 to 9.5) in the two
lower quartiles, as compared with 14.5% (95%
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CI, 10.7 to 18.2) in the third quartile and 20.4%
(95% CI, 12.9 to 27.3) in the fourth quartile.
We performed sensitivity analyses to determine whether race, the presence of diabetes, the
presence of proteinuria, baseline eGFR values, or
baseline high-sensitivity CRP values influenced
the relationship between the suPAR level and the
change in the eGFR. The suPAR level remained
independently associated with eGFR decline regardless of race or the presence of diabetes
(Fig. 2A). However, the interaction with the
baseline eGFR was significant (P<0.001): there
was no relationship between suPAR levels and
eGFR decline among participants with a baseline
eGFR of less than 60 ml per minute per 1.73 m2,
whereas the suPAR level was associated with
eGFR change among those with an eGFR of at
least 60 ml per minute per 1.73 m2 at baseline
(Fig. 2A). The 921 participants with a normal
eGFR (≥90 ml per minute per 1.73 m2) at baseline had the largest suPAR-related decline in the
eGFR (P<0.001 for interaction) (Fig. 2B). We did
not find a significant interaction with the presence of proteinuria at baseline (P = 0.29) or baseline serum high-sensitivity CRP levels (P = 0.89).
Relationship between suPAR Levels
and Incident Chronic Kidney Disease

Among 1335 participants who had an eGFR of at
least 60 ml per minute per 1.73 m2 at baseline,
we determined whether baseline suPAR level was
associated with progression to clinical chronic
kidney disease (defined as an eGFR <60 ml per
minute per 1.73 m2). Chronic kidney disease
developed in 320 participants (24%) during follow-up. Incident chronic kidney disease was independently associated with age, baseline eGFR,
hypertension, and plasma suPAR level (Table 2).
A higher suPAR level at baseline was associated
with a significantly greater incidence of chronic
kidney disease (P<0.001) (Fig. 3, and Fig. S4 in
the Supplementary Appendix). Participants with
a suPAR level in the third quartile had a risk of
incident chronic kidney disease that was twice
that of participants in the first (lowest) quartile,
and participants in the fourth quartile had a risk
that was three times that of participants in the
first quartile (Table 2). The rate of chronic kidney disease was 7% at 1 year and 41% at 5 years
among participants with a suPAR level of at least
3040 ng per milliliter (third and fourth quar-
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tiles), as compared with 1% and 12%, respectively, among participants with a suPAR level of
less than 3040 ng per milliliter (first and second
quartiles).
Even after excluding the 208 participants with
potential acute kidney injury (defined as a 50%
decline in the eGFR as compared with the prior
eGFR measurement regardless of time), we
found that both the third and fourth quartiles of
suPAR level remained associated with incident
chronic kidney disease (odds ratio for the third
quartile as compared with the first quartile, 2.20
[95% CI, 1.33 to 3.06], and odds ratio for the
fourth quartile as compared with the first quartile, 2.93 [95% CI, 1.86 to 4.62]). These findings
suggest that suPAR is associated with a progressive decline in kidney function.

A
No. of
Patients

suPAR-related Change
in eGFR

P Value for
Interaction

percentage points (95% CI)
Overall
Diabetes
Yes
No
Black race
Yes
No
Baseline eGFR
<60 ml/min/1.73 m2
≥60 ml/min/1.73 m2

2292

−0.9 (−1.3 to −0.5)

752
1518

−0.9 (−1.6 to −0.2)
−0.7 (−1.3 to −0.1)

426
1866

−0.9 (−1.7 to −0.1)
−0.9 (−1.4 to −0.4)

688
1604

−0.1 (−0.9 to 0.7)
−1.2 (−1.8 to −0.6)

0.64

0.99

<0.001

−2.0

0.0

2.0

B
2

We tested the incremental value of adding the
suPAR level to a statistical model with traditional
risk factors in predicting incident chronic kidney
disease. The C-statistic for incident chronic kidney disease at both 1 year and 5 years of followup increased with the addition of suPAR quartile
groups (Δ = 0.08 [95% CI, 0.01 to 0.15] and
Δ = 0.03 [95% CI, 0.01 to 0.06], respectively)
(Table S3 in the Supplementary Appendix). The
continuous net-reclassification-improvement metric showed substantial reclassification of participant risk by the addition of the suPAR level
to the model at both 1 year (0.40 [95% CI, 0.15
to 0.53]) and 5 years (0.34 [95% CI, 0.19 to 0.41])
(Table S3 in the Supplementary Appendix). Addition of the suPAR level to the model with conventional risk factors was associated with a
change in R2 of 0.33, a change that was larger
than that with all other variables combined
(Table S4 in the Supplementary Appendix).
Validation Analyses

We repeated the longitudinal analyses in two
randomly selected subgroups of the Emory Cardiovascular Biobank cohort and also in a subgroup of
women in the WIHS cohort. In both randomly
selected subgroups of the Emory Cardiovascular
Biobank, an elevated suPAR level at baseline was
associated with eGFR decline during follow-up
and with incident chronic kidney disease, findings
consistent with those of the primary analysis
(Tables S2 and S5 in the Supplementary Appendix).

n engl j med 373;20

suPAR-related Change in eGFR
(percentage points)
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Figure 2. The suPAR-Related Decline in the eGFR, According to Subgroup.
Panel A shows the suPAR-related change in the eGFR per year during follow-up, stratified according to presence or absence of diabetes, black or
nonblack race (race was self-reported), and baseline eGFR (<60 or ≥60 ml
per minute per 1.73 m2 of body-surface area). Information on diabetes status was missing for 22 patients. CI denotes confidence interval. Panel B
shows the suPAR-related change in the eGFR per year, stratified according
to baseline eGFR. Patients with an eGFR in the normal range (90 to 120 ml
per minute per 1.73 m2) had the largest suPAR-related decline in the eGFR.
I bars indicate 95% confidence intervals.

We then measured suPAR using a different
assay (Quantikine Human uPAR Immunoassay
[R&D Systems]) in a separate replication cohort
of 347 women enrolled in the WIHS (mean age,
40 years; 62% of black race; 39% with positivity
for the human immunodeficiency virus) (Table S6
in the Supplementary Appendix) for whom follow-up data on the eGFR were available (median,
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Table 2. Baseline Factors and Their Association with Incident Chronic Kidney Disease.*
Variable
Baseline eGFR, per increase of 1 ml/min/1.73

m2

Hazard Ratio
(95% CI)

P Value

0.96 (0.95–0.97)

<0.001

Age, per increase of 1 yr

1.01 (1.00–1.02)

0.05

Female sex

0.94 (0.72–1.23)

0.66

Black race

1.23 (0.90–1.70)

0.20

Body-mass index, per increase of 1 unit

1.01 (0.99–1.03)

0.39

History of smoking

1.16 (0.91–1.47)

0.24

Hypertension

1.34 (1.00–1.78)

0.05

Diabetes

1.18 (0.91–1.52)

0.22

Proteinuria

1.55 (0.86–2.81)

0.15

Hyperlipidemia

1.03 (0.78–1.35)

0.86

History of myocardial infarction

0.96 (0.76–1.23)

0.76

Use of renin–angiotensin system antagonist

0.84 (0.65–1.09)

0.18

High-sensitivity CRP, ≥2.8 vs. <2.8 ng/ml

1.08 (0.84–1.38)

0.55

Per quartile increment

1.40 (1.26–1.55)

<0.001

≥3040 vs. <3040 pg/ml

1.97 (1.53–2.54)

<0.001

Quartile 2 vs. quartile 1

1.18 (0.81–1.73)

0.39

Quartile 3 vs. quartile 1

2.00 (1.38–2.89)

<0.001

Quartile 4 vs. quartile 1

3.13 (2.11–4.65)

<0.001

Quartile 4 vs. quartile 3

1.51 (1.11–2.06)

0.01

suPAR

*	Hazard ratios were calculated with the use of a multivariable model incorporating all covariates listed in the table.
Except for baseline eGFR, age, body-mass index, high-sensitivity CRP, and suPAR, all variables were dichotomous (i.e.,
presence vs. absence). The effect of suPAR is reported as a continuous variable, dichotomized according to the median
value (≥3040 vs. <3040 pg per milliliter) and according to quartile. CI denotes confidence interval.

26 measurements over a period of ≥10 years).
Over a period of 5 years, the 175 women with a
baseline suPAR level of at least 3000 pg per milliliter had a decline of 3.0 percentage points in the
eGFR (95% CI, 1.6 to 4.4), whereas the 172
women with a suPAR level of less than 3000 pg
per milliliter had a decline of 0.7 percentage
points (95% CI, 0.6 to 2.0) (Table S7 and Fig. S5
in the Supplementary Appendix).

Discussion
In this prospective cohort of adults with cardiovascular disease, we identified an association
between elevated plasma suPAR levels and both
a decline in the eGFR and the development of
chronic kidney disease. This association was
observed in patients with normal baseline kidney function and was independent of conventional risk factors for kidney disease and cardio1922
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vascular disease, including baseline eGFR, age,
race, diabetes, hypertension, and high-sensitivity
CRP levels. Inclusion of the suPAR level in a
prediction model significantly improved discrimination of future risk of chronic kidney disease
over a standard clinical model, as evidenced by
significant improvement in the C-statistic and
the net reclassification metric. The risk reclassification was greater than that with well-established biomarkers such as high-sensitivity CRP
and B-type natriuretic peptide, which are used to
predict cardiovascular events and heart failure,
respectively.30 We also found that suPAR remained
associated with a decline in renal function among
younger persons, who have a significantly lower
burden of risk factors for cardiovascular disease,
which suggests that the effect of suPAR is truly
independent of traditional risk factors for cardiovascular disease and chronic kidney disease.
The estimated annual eGFR decline in the WIHS
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subgroup was, not surprisingly, lower than that
observed in the Emory Cardiovascular Biobank
cohort (decline of 3% vs. 20% over a period of
5 years), probably owing to the older age and
greater burden of risk factors for cardiovascular
disease and chronic kidney disease in the Biobank cohort.
High suPAR levels have typically been attributed to a state of inflammation or decreased
renal clearance.15,23 Although we found a negative correlation between plasma suPAR level and
the baseline eGFR, this association was weak at
a baseline eGFR of more than 90 ml per minute
per 1.73 m2, with a substantial proportion (>30%)
of participants with normal kidney function
having suPAR levels of 3040 pg per milliliter or
higher in the absence of sepsis or cancer. Thus,
elevated suPAR levels are unlikely to be simply
the result of a decrease in renal clearance and
may be related to the underlying pathogenic
mechanisms initiating kidney disease.
Evidence that suPAR plays a pathogenic role
in kidney disease has emerged mainly from
studies of focal segmental glomerulosclerosis,
in which suPAR was shown to activate αVβ3 integrin on podocytes, leading to effacement of foot
processes and proteinuria.21 Elevated suPAR levels
have also been associated with diabetic nephropathy and with progression of lupus nephritis.12,29
In animal models of diabetic kidney disease,
blockade of β3 integrin with the use of a monoclonal antibody was protective.12,31,32 In addition
to its role in the activation of αVβ3 integrin on
podocytes, suPAR may mediate kidney injury
through several molecular mechanisms. For example, CD40 autoantibodies have been implicated
in modifying the effect of suPAR in focal segmental glomerulosclerosis,33 whereas levels of acid
sphingomyelinase-like phosphodiesterase 3b have
been implicated in modulating the effect of suPAR
in diabetic nephropathy.13 Thus, suPAR may interact with other molecules to induce podocyte dysfunction and mediate progression to chronic
kidney disease in a broad range of conditions.
Alternatively, given the stability of the suPAR
protein both in vivo and in vitro,34 it is possible
that suPAR acts as a marker of underlying lowgrade inflammatory processes that lead to disease. That said, in our cohort, the level of highsensitivity CRP, a well-accepted marker of chronic
inflammation, was associated with cardiovascular events (similarly to the suPAR level) but not

Quartile of suPAR Level
Q1: <2373 pg/ml (N=384)
Q2: 2373−3039 pg/ml (N=400)
Q3: 3040−4020 pg/ml (N=342)
Q4: >4020 pg/ml (N=209)

80

P<0.001 by log-rank test
60

40

20

0

0

1

2

3

4

5

6

7

8

9

10

Years since Baseline

Figure 3. Levels of suPAR and Incident Chronic Kidney Disease.
Kaplan–Meier curves show the cumulative incidence of chronic kidney disease, defined as an eGFR of less than 60 ml per minute per 1.73 m2, among
the 1335 participants who had a baseline eGFR of at least 60 ml per minute
per 1.73 m2, stratified according to quartile of suPAR level. The shaded areas
represent the 95% confidence intervals. The P value is the result of the logrank test for the overall comparison among the groups.

with a decline in kidney function, findings that
suggest that the role of suPAR in chronic kidney
disease goes beyond inflammatory processes.
Early identification and management of
chronic kidney disease is highly cost-effective
and can reduce the risk of progression to chronic kidney disease and cardiovascular disease by
up to 50%.35 Currently, proteinuria is considered
to be the most sensitive marker for progression
of chronic kidney disease in clinical practice,
especially when there is also a decline in the
eGFR. However, there are considerable shortfalls
in the diagnostic accuracy and sensitivity of these
variables. Although multiple biomarkers are currently being explored as predictors of progression
of kidney disease and associated risk of accelerated cardiovascular disease, none have been
shown to predict the incidence of chronic kidney
disease in patients with a normal eGFR.36
Our results suggest that suPAR meets critical
requirements for a biomarker of chronic kidney
disease. First, suPAR levels are relatively stable
in plasma,34 and elevated levels are associated
with incident chronic kidney disease before any
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decline in the eGFR occurs. Second, it adds
prognostic value in all patients and in the subgroups of patients who have diabetes or hypertension, the two most prevalent diseases associated with chronic kidney disease in the United
States. Third, it is associated with chronic kidney disease in both whites and blacks, despite
the marked differences between these two racial
groups in the likelihood of chronic kidney disease. Fourth, measurement of suPAR may allow
for more accurate stratification of patients early
in their disease course, enabling rational targeting of preventive health resources and enrollment into potential trials of new renoprotective
therapies. We and others have found that elevated suPAR levels are associated with an increased
risk of adverse cardiovascular events in people
with or without chronic kidney disease.20,37
Our conclusions are strengthened by the large
cohort size and its heterogeneity, which is reflective of a real-world clinical setting, and by independent replication. Patients with confounding
disorders such as active infection and cancer were
systematically excluded, and the use of inhibitors
of the renin–angiotensin system was carefully
documented. The predictors of chronic kidney
disease in this cohort are consistent with those
in previous reports, thus reinforcing the validity
of our conclusions.38 Our findings regarding proteinuria have limitations given the small number
of patients with proteinuria and the use of dipstick
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