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OBJECTIVE

Soluble urokinase plasminogen activator receptor (suPAR) is an important inﬂammatory biomarker implicated in endothelial and podocyte dysfunction. However, suPAR’s predictive qualities for complications in type 1 diabetes have yet to be
determined. We investigated the prognostic value of suPAR for the development of
cardiovascular events, decline in renal function, and mortality in patients with type 1
diabetes.

CARDIOVASCULAR AND METABOLIC RISK

RESEARCH DESIGN AND METHODS

We included 667 patients with type 1 diabetes with various degrees of albuminuria
in a prospective study. End points were cardiovascular events (cardiovascular death,
nonfatal acute myocardial infarction, nonfatal stroke, or coronary or peripheral
arterial interventions), estimated glomerular ﬁltration rate (eGFR) decline ‡30%,
progression from lower to higher albuminuric state, development of end-stage renal
disease (ESRD), and mortality. Follow-up was 5.2–6.2 years. Results were adjusted
for known risk factors. Hazard ratios (HRs) are presented per doubling of suPAR with
95% CI. Relative integrated discrimination improvement (rIDI) was calculated.
RESULTS

Quantiﬁcation of suPAR was available in all participants; median (interquartile
range) was 3.4 ng/mL (2.7–4.5). The adjusted HR (95% CI) for cardiovascular events
(n = 94), progression in albuminuria (n = 36), eGFR decline (n = 93), ESRD (n = 23), and
mortality (n = 58) were 3.13 (1.96–5.45, P < 0.001), 1.27 (0.51–3.19, P = 0.61), 2.93
(1.68–5.11, P < 0.001), 2.82 (0.73–11.9, P = 0.13), and 4.13 (1.96–8.69, P < 0.001),
respectively. rIDI was signiﬁcant for cardiovascular events (22.6%, P < 0.001), eGFR
decline (14.4%, P < 0.001), and mortality (23.9%, P < 0.001).
CONCLUSIONS

In patients with type 1 diabetes and a broad range of albuminuria, a higher level of
suPAR is a signiﬁcant and independent risk factor for cardiovascular events, decline
in eGFR ‡30%, and mortality. In addition, suPAR contributes signiﬁcantly to discrimination for the end points.
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kidney disease (CKD), suggested by its
activation of podocytes in pathological
conditions (22). Podocytes have additionally been theorized to be a main mechanism
and inﬂuence in the development of DKD
speciﬁcally (23), possibly driven by, or
associated with, high suPAR levels (24).
As such it is suggested that suPAR has a
role in the early prediction of kidney function decline (24), as indicated by its ability
to predict development of microalbuminuria in normoalbuminuric individuals with
type 2 diabetes (18).
However, suPAR is not without its
controversies. Several studies have correlated higher suPAR levels with decreased kidney function, and another
has shown that estimated glomerular
ﬁltration rate (eGFR) does not affect
suPAR in urine or circulation (25–28).
Although none of the studies show a
causal association between kidney function and suPAR, it can be measured in
urine, which is cause for prudence when
evaluating the biomarker in individuals
with impaired kidney function.
Aiming further attention at suPAR’s
prognostic aptitude, Eapen et al. (14)
have shown that individuals with a suPAR
level $3.5 ng/mL at baseline had a hazard ratio (HR) of 3.2 for the development
of myocardial infarction, and an HR of 2.6
for cardiac mortality, compared with
individuals with a level ,3.5. Another
study found the risk of new-onset diabetes in a nonsmoking population of
middle-aged individuals to be 3.5 times
higher in participants in the highest quartile of suPAR compared with the lowest,
after comprehensive adjustment (17).
The existing knowledge indicates
suPAR as being a potent risk factor in
various conditions, indicating possible
clinical applications for risk stratiﬁcation
in certain patient groups. However, the
clinical value has not been robustly resolved in several populations, including
patients with type 1 diabetes. Therefore,
in this study, we analyze the predictive
qualities of suPAR in relation to the
development of cardiovascular events,
development and progression of renal
impairment, and mortality in patients
with type 1 diabetes.

Center Copenhagen. The details of the
study have previously been described
(29). In short, participants had type 1
diabetes according to World Health Organization criteria and were $18 years of
age. The cohort was stratiﬁed by levels of
albuminuria (normo-, micro-, and macroalbuminuria). Patients with end-stage
renal disease (ESRD), deﬁned as receiving
dialysis or renal transplantation or GFR
,15 mL/min/1.73 m2, were excluded.
The study complied with the Declaration
of Helsinki, and all activities, as well as the
research protocol, were approved by the
local ethics committee. All patients gave
informed written consent.

RESEARCH DESIGN AND METHODS

Follow-Up

Participants

In 2016, patients were traced through the
Danish National Death Register and the
Danish National Health Register (30,31),
from which data regarding mortality,

From 2009 to 2011, we recruited 667 patients with type 1 diabetes from the
outpatient clinic at Steno Diabetes

Analyses at Baseline

suPAR was measured using Conformité
Européenne and in vitro diagnostic–
approved suPARnostic ELISA kits (ViroGates, Birkerød, Denmark) according
to the manufacturer’s protocol. Quantiﬁcation of suPAR was available for all
667 patients. LDL cholesterol, serum
creatinine, and HbA1c were speciﬁed
from venous blood samples using standardized methods. Urinary albumin excretion rate (UAER) was determined in
three consecutive 24-h urine collections
and analyzed with enzyme immunoassay
(Vitros, Raritan, NJ). eGFR was calculated
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation based on serum creatinine. CRP
levels were measured using a particleenhanced immunoturbidimetry hs-CRP
assay (Roche/Hitachi, Group Communications, Basel, Switzerland). Levels of
suPAR and CRP were measured after
one thawing cycle, and samples were
stored at 280°C until analysis.
Participants were categorized as normoalbuminuric if UAER was ,30 mg/24 h,
as microalbuminuric if UAER was or previously had been recorded between
30 and 299 mg/24 h, and as macroalbuminuric if UAER was or previously had
been recorded $300 mg/24 h in two out
of three consecutive measurements. All
patients classiﬁed as normoalbuminuric
did not have any history of micro- or
macroalbuminuria prior to enrollment
in the study.
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Type 1 diabetes is a serious and wellknown risk factor for development of
cardiovascular disease (1,2) and diabetic
kidney disease (DKD) (3) and a strong risk
factor for mortality (4). Furthermore, as
type 1 diabetes often is diagnosed at a
young age (5), patients are at high risk of
developing complications early, markedly raising the mortality rate (6). This
underscores the need for earlier and
improved risk stratiﬁcation of these patients in order to enable precipitated and
targeted treatment for prevention of
complications and death.
It has previously been shown that individuals with type 1 diabetes generally
exhibit a high state of inﬂammation and
oxidative stress (7), in part due to the
autoimmunological nature of the disease
(7), which in turn has been associated
with a sizable component in the development of micro- and macroangiopathy (8).
Therefore, it is of interest to investigate
and target inﬂammatory biomarkers and
their pathways in hopes of better prediction and treatment of type 1 diabetes.
One of the proposed entry points is
soluble urokinase plasminogen activator
receptor (suPAR), an emerging biomarker associated with a myriad of inﬂammatory pathways (9). It originates
from urokinase plasminogen activator
receptor (uPAR), a membrane receptor
expressed mainly on immune (10) and
endothelial cells (11), which during inﬂammation is released in circulation in its
soluble form, suPAR (12). Current methods of determining inﬂammatory status
commonly use C-reactive protein (CRP),
which is widely applied in several clinical
disciplines to assess inﬂammation and
severity of disease (13). However, the
stability and unspeciﬁcity of suPAR may
allow for a broader assessment of the
inﬂammatory state, as it has been correlated with the development of several
pathological conditions, e.g., cardiovascular disease (14,15), mortality (16),
type 2 diabetes (16,17), DKD (18), cancer
(19), and sepsis (20), in addition to
being a strong marker of mortality and
admission time in acutely admitted medical patients (20,21). As such it has been
shown to be an attractive biomarker
for use in both general risk stratiﬁcation
settings and for treatment optimization of patients, in chronic outpatient
settings as well as acute settings.
Furthermore, high suPAR levels have
been linked to the development of chronic
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consecutive measurements, or based
on a single measurement of albuminuria
at baseline compared with the ﬁrst single
measurement at a higher albuminuria
status during follow-up. Unless otherwise stated, results for the progression in
albuminuria end point throughout the
paper are reported based on the former
method. There were no cases of progression from normo- to macroalbuminuria recorded.
In the event of multiple end points
being registered, only the ﬁrst was included for analysis. Median (interquartile
range [IQR]) follow-up was 5.1 years (4.7–
5.6) for cardiovascular events, 5.3 years
(2.7–6.2) for decline in eGFR $30%, 5.3
years (4.8–5.7) for ERSD, 5.8 years (2.5–
6.4) for progression in albuminuria status,
and 6.2 years (5.8–6.7) for mortality.
Statistical Analysis

suPAR was presented as median with
IQR and log2 transformed in later analyses to achieve normal distribution. Normally distributed variables are given as
mean 6 SD and categorical variables as
total numbers with corresponding percentages. Baseline clinical characteristics
were compared across quartiles of suPAR
using ANCOVA and x2 test for continuous
and categorical variables, respectively.

HRs and 95% CI were calculated using
Cox proportional hazards model for
all end points and presented per doubling of suPAR. Adjustment included
traditional risk factors and confounders:
sex, age, diabetes duration, plasma
LDL cholesterol, HbA 1c , systolic blood
pressure, BMI, smoking status, UAER,
eGFR, treatment with renin-angiotensinaldosterone system inhibitiors (RAASi),
and CRP.
Next, to calculate added prognostic
impact of the biomarker, we used
receiver operating characteristic (ROC)
curves, applying C-statistics for area
under the curve (AUC) analysis. Furthermore, the relative integrated discrimination improvement (rIDI) was calculated,
having previously been suggested as a
strong method for assessing new biomarkers in supplement to traditional risk
factors (33). Finally, Kaplan-Meier functions and the log-rank test were applied to compare risks across quartiles
of suPAR. We tested heterogeneity in
the HRs for the inﬂuence of sex by introducing the appropriate interaction
term in the Cox model.
A two-tailed a-level of #0.05 was
considered signiﬁcant. Statistical analysis
was performed using SAS software (version 9.4; SAS Institute, Cary, NC).

Table 1—Baseline characteristics and follow-up information divided according to quartiles of suPAR
Quartiles of suPAR
,2.75 ng/mL

$2.75 to ,3.5 ng/mL

$3.5 to #4.6 ng/mL

.4.6 ng/mL

Number of participants

167

164

166

170

Female

38

44

48

48

0.22

46 6 13

55 6 11

60 6 11

59 6 11

,0.001

Diabetes duration (years)

20 6 15

32 6 14

38 6 13

41 6 12

,0.001

eGFR (mL/min/1.73 m2)

100 6 15

92 6 15

80 6 19

56 6 26

,0.001

UAER (mg/24 h)
HbA1c (mmol/mol)

11 (7–20)
62 6 13

13 (7–40)
65 6 13

16 (9–74)
66 6 12

64 (16–339)
65 6 13

,0.001
0.012

HbA1c (%)

7.8 6 1.2

8.1 6 1.2

8.2 6 1.1

8.1 6 1.2

0.012

LDL cholesterol (mmol/L)

2.5 6 0.7

2.5 6 0.8

2.4 6 0.6

2.4 6 0.9

0.21

25 6 3

26 6 4

26 6 9

25 6 25

0.51

44

71

77

96

,0.001

Age (years)

BMI (kg/m2)
Antihypertensive drugs

P

RAASi

41

66

72

89

,0.001

Smoking

11

16

28

26

,0.001

126 6 15
75 6 9

130 6 14
75 6 8

136 6 19
74 6 10

135 6 19
73 6 10

,0.001
0.014

2 (1.2)
6 (3.6)
5 (3.1)
0 (0)
2 (1.2)

12 (7.3)
11 (6.7)
7 (4.3)
0 (0)
7 (4.3)

32 (19.3)
19 (11.5)
9 (5.4)
1 (0.6)
12 (7.2)

48 (28.1)
57 (33.3)
15 (8.8)
37 (22.0)
37 (21.6)

,0.001
,0.001
0.11
,0.001
,0.001

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Follow-up
Cardiovascular events, n (%)
Decline in eGFR $30%, n (%)
Progression in albuminuria, n (%)
ESRD, n (%)
Total mortality, n (%)

Data represent percentage, mean 6 SD, or median (IQR) unless otherwise indicated. P values are for trend across quartiles.
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including date and cause of death, hospital admission, and ICD-10 diagnoses
were obtained. Both registers have
very high coverage and validity as all
deaths and all hospital admissions in
Denmark are captured. Deaths were
classiﬁed as cardiovascular unless any
other cause was determined. Cause of
death was indeﬁnitive in only three participants. The cardiovascular end point
was deﬁned as cardiovascular death,
nonfatal acute myocardial infarction
(ICD-10 I21–I24), nonfatal stroke (ICD10 I61–I66), coronary interventions (procedural codes KFNA–D), or peripheral
arterial interventions including amputations. ESRD was deﬁned as CKD stage
5 (ICD-10 N18.5), chronic dialysis (procedural code BJFD2), kidney transplantation (procedural code KKAS 00, 10, and
20), or eGFR ,15 mL/min/1.73 m2.
Information regarding eGFR and urine
albumin-to-creatinine ratio during
follow-up was obtained at outpatient
visits and was traced through electronic
laboratory records. The remaining renal
end points were deﬁned as 1) a decline
in eGFR $30%, as proposed by Coresh
et al. (32), and 2) progression in albuminuria status, deﬁned as progression from
normo- to microalbuminuria or micro- to
macroalbuminuria in two out of three
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Follow-up Analysis

Risk Prediction and Prognostic Value

The comparison of the proportion of
end points across quartiles of suPAR

Cox regression analyses for all end points
are presented in Table 2. Results for each

Baseline Characteristics

of the end points are shown in unadjusted and stepwise adjusted models as
indicated. Higher suPAR levels at baseline
were associated with a highly signiﬁcant
risk prediction of cardiovascular events,
eGFR decline, and mortality, with HR (95%
CI) per doubling of suPAR 3.13 (1.96–
5.45, P , 0.001), 2.93 (1.68–5.11, P ,
0.001), and 4.13 (1.96–8.69, P , 0.001),
respectively, in adjusted models also
including CRP. HR (95% CI) for ESRD in
the unadjusted model was signiﬁcant
(15.5 [7.93–30.4], P , 0.001); however,
results were radically changed and signiﬁcance was lost after adjustment (2.82
[0.73–11.9], P = 0.13). Furthermore,
there was an apparent risk prediction
for progression in albuminuria in the
unadjusted model (HR 2.16 [1.28–
3.65], P = 0.004); however, signiﬁcance
was lost after adjustment (HR 1.27 [0.51–
3.19], P = 0.61).
Other signiﬁcant risk factors for cardiovascular events were higher age, LDL
cholesterol, HbA1c, diabetes duration,
and male sex (P # 0.045).
The rIDI analysis showed signiﬁcant
results for cardiovascular events, eGFR

Figure 1—Kaplan–Meier failure function estimates for quartiles (Q) of suPAR for cardiovascular events (A), eGFR decline (B), ESRD (C), and mortality (D).
P values are calculated by log-rank test across quartiles.
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To illustrate baseline characteristics
across the suPAR range, we divided
the 667 patients into quartiles of suPAR
(,2.75, $2.75 to ,3.50, $3.50
to #4.60, and .4.60 ng/mL) in Table
1. Patients in higher quartiles were generally older (Q1 46 years, Q4 59 years; P ,
0.001), had longer diabetes duration (Q1
20.2 years, Q4 40.5 years; P , 0.0001),
had lower eGFR (Q1 99.6 mL/min/1.73 m2,
Q4 55.7 mL/min/1.73 m2; P , 0.0001),
and had higher HbA1c (Q1 62 mmol/mol,
Q4 65 mmol/mol; P = 0.012), and a higher
proportion were treated with RAASi (Q1
41%, Q4 89%; P , 0.0001). Furthermore,
patients in higher quartiles had higher
systolic blood pressure (Q1 126 mmHg,
Q4 135 mmHg; P , 0.001) but lower
diastolic blood pressure (Q1 75 mmHg,
Q4 73 mmHg; P = 0.014). The sex distribution, LDL cholesterol, and BMI were
comparable across quartiles.

showed a large variance. Q4 consistently
encompassed the highest number of
events for all end points compared
with the lower quartiles. The event rates
across quartiles (Table 1) for cardiovascular events (2, 12, 32, and 48; P , 0.001),
eGFR decline (6, 11, 19, and 47; P ,
0.001), and mortality (2, 7, 12, and 37;
P , 0.001) all increased linearly. This was
also the case for progression in albuminuria (5,7,9,15); however, it was not signiﬁcant (P = 0.11). Not presented in Table
1 are results for progression in albuminuria based on single measurements; the
event rates over quartiles were comparable (23, 24, 27, and 28; P = 0.90), with a
total of 102 events. For ESRD, all events
but one were located in Q4 (0, 0, 1, and
37; P , 0.001). Kaplan-Meier plots (Fig. 1)
illustrate end points across quartiles, with
all end points apart from progression in
albuminuria (P = 0.11) demonstrating
highly signiﬁcant trends evaluated with
the log-rank test (P , 0.001).
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0.68
22.6
rIDI (%)

Further stepwise adjustment added eGFR and CRP respectively. HRs were calculated per doubling of suPAR and are presented with 95% CI. rIDI analysis of suPAR, in addition to a base model including
sex, age, diabetes duration, LDL, HbA1c, systolic blood pressure, BMI, smoking, UAER, prescribed RAASi, eGFR, and CRP.

,0.001

,0.001
14.4

23.9
0.27
5.7
,0.001

,0.001

,0.001

0.75

4.13 (1.96–8.69)
0.13
2.82 (0.73–11.9)
1.27 (0.51–3.19)
3.13 (1.96–5.45)
Adjusted + eGFR + CRP

,0.001

0.61

2.93 (1.68–5.11)

,0.001

,0.001

0.09
2.92 (0.77–11.0)
,0.001
1.28 (0.51–3.23)
3.03 (1.79–5.12)
Adjusted + eGFR

,0.001

0.61

2.80 (1.61–4.89)

3.89 (1.87–8.09)

,0.001

3.57 (1.99–6.41)
,0.001
24.4 (8.31–71.8)
,0.001

93 (14.0)

3.75 (2.46–5.73)
1.20 (0.55–2.61)
3.15 (2.05–4.85)
Adjusted

,0.001

0.65

23 (3.5)

58 (8.7)

4.37 (2.95–6.46)
,0.001
15.5 (7.93–30.4)
2.16 (1.28–3.65)

36 (5.5)
94 (14.2)

3.43 (2.52–4.66)
Unadjusted

n (%)

,0.001

0.004

4.29 (3.14–5.84)

,0.001

P
Total mortality
P
ESRD
P
Decline in eGFR $30%
P
Progression in albuminuria
P
Cardiovascular events
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decline, and mortality. The added discrimination slope contribution for these
end points was 22.6% (P , 0.001), 14.4%
(P , 0.001), and 23.9% (P , 0.001),
respectively. In the case of progression in
albuminuria and ESRD, low and insignificant discrimination contributions were
demonstrated with 0.68% (P = 0.75) and
5.7% (P = 0.27), respectively.
The ROC and AUC analysis, presented
in Fig. 2, showed signiﬁcance for cardiovascular events, exhibiting AUC of 0.81
for the model with suPAR and 0.78 for
the model without (P = 0.017). Results
for the other end points were not signiﬁcant (P $ 0.18).
Sensitivity Analysis

None of the tests for heterogeneity in
relation to the inﬂuence of sex reached
signiﬁcance, not in unadjusted or adjusted analyses (0.15 , P , 0.65).
CONCLUSIONS

The current study investigates the role of
suPAR for prediction of complications in
type 1 diabetes. We demonstrated that a
higher suPAR level is a signiﬁcant and
independent risk marker for development of cardiovascular events, decline
in eGFR, and mortality. Likewise, suPAR
is a contributing factor in risk stratiﬁcation models on top of established risk
factors for the same end points evaluated
with rIDI statistics. These results stand
well in relation to existing literature,
where suPAR has been correlated with
the development of various conditions in
populations without diabetes. In a cohort
of 3,367 patients undergoing cardiac
catherization, a suPAR level of $3.5 ng/mL
was a signiﬁcant predictor (HR 1.9) for
the development of a composite end
point including myocardial infarction
or death after a mean follow-up of 2.1
years (14). In another publication, from
the same cohort, it was shown that a
higher suPAR level was also signiﬁcantly
associated with a larger annual decline in
eGFR as well as an increased risk of
developing CKD, deﬁned as eGFR ,60
mL/min/1.73 m2 (34).
To the best of our knowledge, the
predictive qualities of suPAR have
never been evaluated in relation to the
prospective development of diabetic
complications in patients with type 1
diabetes. This is important considering
the high risk of disease they exhibit
compared with the general population

(4). We have previously shown in a crosssectional study of the same cohort that a
higher level of suPAR was associated with
the presence of cardiovascular disease,
albuminuria, autonomic impairment, arterial stiffness, and myocardial impairment (35,36). In the current study, we
traced longitudinal changes in kidney
function and the development of hard
cardiovascular end points and mortality,
enabling us to demonstrate the predictive value of suPAR on top of existing risk
factors.
Baseline data showed signiﬁcant differences across quartiles of suPAR for
age, diabetes duration, eGFR, UAER,
smoking status, and systolic blood pressure, with a more favorable risk proﬁle
in patients in the lowest quartiles. However, a higher suPAR level was a consistent predictor even after comprehensive
adjustment, emphasizing the independent
value of suPAR for risk prediction.
Furthermore, AUC analysis of ROC
curves showed increases for all end
points and a signiﬁcant increase for cardiovascular events, despite the already
potent baseline model. ESRD showed
signiﬁcant correlation with higher event
rate in the highest quartile of suPAR,
whereas progression in albuminuria status was nonsigniﬁcant. In addition, although ESRD was not signiﬁcant in our
continuous analyses, all but one of the
events developed in the group with the
highest quartile of suPAR (.4.6 ng/mL).
This relationship is clearly illustrated in
the Kaplan-Meier analyses pictured in
Fig. 1 and, in addition to our continuous
Cox regression analyses, illustrates the
usefulness and versatility of suPAR as a
biomarker.
The results for the renal end points
illustrate an interesting picture. We show
signiﬁcance for the prediction of eGFR
decline, and for ESRD, we ﬁnd a higher
event rate associated with higher levels
of suPAR, but analyses for the progression of albuminuria were insigniﬁcant
after adjustment. It has previously been
shown that elevated levels of suPAR
predict the development of microalbuminuria in individuals at risk for developing type 2 diabetes (18). However,
interestingly, Hayek et al. (34) highlight
that patients with existing CKD at baseline (eGFR ,60 mL/min/1.73 m2) did not
experience suPAR-related reduction in
renal function compared with patients
withoutCKD (eGFR $60 mL/min/1.73 m2).
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Hence, it is possible that suPAR is a
more potent biomarker for early development of kidney disease, whereas

the progression of albuminuria is a later
complication and thus not associated
with suPAR in the same extent.
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Figure 2—ROCs for base model (gray line) vs. base model including suPAR (black line). Base model
includes sex, age, diabetes duration, LDL cholesterol, HbA1c, systolic blood pressure, BMI, smoking,
UAER, eGFR, treatment with RAASi, and CRP. A: ROC for cardiovascular events. B: ROC for eGFR
decline $30%. C: ROC for mortality. P values were calculated comparing AUC for the respective
models.

Also to be noted is the threefold
discrepancy of results between our progression in albuminuria end points described in the RESULTS. When progression
was based on two out of three consecutive measurements, we demonstrated a
clear, although insigniﬁcant, trend toward higher event rates in higher quartiles of suPAR, as compared with basing it
on single high and low measurements,
which results in numerous additional
events spread evenly over the quartiles.
It can be argued that there is a clear
confounding factor in basing the end
point on two out of three consecutive
measurements, as those UAER measurements can be separated by up to 1 year.
However, the same can be said, arguably
to a greater extent, for the alternative, as
albumin excretion in patients with diabetes is highly variable (3), and as such,
single measurements are wholly unsuitable in this regard.
The current study indicates that suPAR
might play an important role in risk
stratifying individuals with type 1 diabetes. However, it is unclear what processes
determine this relationship, especially in
relation to kidney function. It has been
theorized that when subjected to higher
suPAR levels, avb3 integrins present on
kidney podocytes induce structural and
pathological changes (22). Animal models have furthermore shown that targeting suPAR with antibodies leads to
reduced proteinuria (22).
The mechanism relating suPAR to
risk of cardiovascular morbidity and
mortality has not been clariﬁed, and
the exact physiological role and physiology of uPAR and suPAR is not fully
understood. In healthy individuals,
uPAR is not generally expressed, although this radically changes after occurrence of inﬂammation or tissue injury.
Different modes of action have been
theorized, where one of the more intriguing is the relationship to vitronectin
(37), a glycoprotein associated with,
among others, coronary atherosclerosis.
Vitronectin regulates and binds to uPAR,
and it has been suggested that this
binding is enhanced after uPAR has
been bound by urokinase-like plasminogen activator (uPA) as well (38). Furthermore, suPAR has been linked to the
formation of atherosclerotic lesions,
where uPAR overexpression in the endothelial layers was demonstrated to
contribute (39). These ﬁndings might
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In summary, in a population of 667 patients with type 1 diabetes and a broad
range of albuminuria, a higher level of
suPAR is a highly signiﬁcant and independent risk factor for cardiovascular
events, mortality, and decline in kidney
function evaluated as decline in eGFR
$30%. In addition, it contributes marked,
signiﬁcant discrimination beyond traditional risk factors for the above-mentioned
end points.
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